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EXECUTIVE SUMMARY

Problem Statement

In an effort to determine those factors influegcihe crash rates on Florida’s roadways,
the Florida Department of Transportation State tgaf#ffice reviews and analyzes the crash
trends on the state highway system. One suchweeeealed that six-or more lane, non-limited
access roadways have the highest fatality ratalitfas/million vehicle miles traveled) of all
FDOT roadways. In 1998, six- or more lane divideghways had a 25% higher fatality rate
than four-lane divided highways. By 2001, six-lasextions had 32% to 48% higher fatality
rates than four-lane divided highways, dependingudyan, suburban, or rural location. This
difference in the crash rate is hypothesized tecdesed by differences in geometrics and traffic
characteristics between six- and four-lane highways

Objectives

The main goal of this project was to improve théety of six-lane divided roadways in
the State of Florida by mitigating the high craakes on these roadways as compared to four-
lane divided roadways. To attain this goal, therall objective of this project was to evaluate
roadway and operational factors influencing théhhigury and fatality rates on six-lane divided
roadways. Detailed analysis of geometric anditrafata collected from various databases — the
FDOT crash database, the Roadway Characteristiesifory, and FDOT videologs — and in the
field was undertaken to establish the correlatietwieen these factors and injury and fatal
crashes. The major outcome of this research groyas expected to be the development of
roadway safety models that can be used by planmEsigners, and engineers to improve
highway design and maintenance in order to proreafety of six-lane divided roadways. To
achieve these objectives, the following tasks werformed:
1. Review of literature review (Chapter 2)
2.  Collection of background data (Chapter 3)
3. Comparison of four-lane and six-lane crashes (@&napt
4. Development of crash rate models for six-lane higysChapter 5)

Findings

A review of previous studies revealed that as/tilee of the following variables increases,
the probability of a crash also increases: (1) Nenof lanes, (2) AADT, (3) section length, (4)
access density, and (5) standard deviation of spe@tle presence of heavy vehicles and
intersections at-grade also increased the probabilia crash. On the other hand, as the value of
the following variables increases, the probabitifya crash decreases: (1) Shoulder width, (2)
median width, (3) pavement condition index, (4elandth, (5) speed, and (6) roadway curvature.

Descriptive statistics showed that four-lane sestihad more crashes than six-lane
sections in terms of percentages. But six-landaechad higher crash, fatality and injury rates
compared to four-lane sections on many environnmentaather, and geometric factors. The
findings revealed that differences in geometry ghauabout by increasing number of lanes
resulted in different crash history between founreland six-lane roadways. The Spearman and
Pearson chi-square tests found that, based on deanuaf roadway and traffic features, the
distribution of crashes occurring on four-lane asig-lane roadways was not significantly
different.



Zero-inflated negative binomial models were usedbdel crash rates according to three

levels of severity: (1) fatal and severe injurd) Qon-incapacitating and possible injury, and (3)

property damage only. The models showed that cedsh were affected by a variety of geometric

and operational variables. Two variables—signas mile and inside shoulder width—were
present in all three models. In all three modafs,ncrease in the number of signals per mile
increased the crash rate. An increase in the enslibulder width reduced the crash rate.

Horizontal degree of curvature was present in libth non-incapacitating/possible injury and

property damage only models; an increase in hoté&ategree of curvature reduced the crash

rate. The total number of driveways per mile waesent in both the non-incapacitating/possible
injury and property damage only models; an increéasthe number of driveways per mile
increased the crash rate. Outside shoulder width present in these two models as well; an
increase in the outside shoulder width reduceccthsh rate. Median width and surface width
were present in the property damage only modeteases in the median width or the surface
width reduced the crash rate.

The implications of the models for FDOT include tbllowing:

1. Horizontal degree of curvature — The observed effect of increased horizontal egrf
curvature on reducing crash rates suggests thatohtal curves should not be automatically
removed or flattened when reconstructing roadwayssome cases, the addition of gentle
curves (approximately up tdMin the design of arterial roadways may reducedbserved
crash rates on six-lane highways. It should beddiat the trend of reducing crashes with
respect to increasing degree of curvature was wbdeas significant for PDO and non-
incapacitating injury crashes. With regard to ire@aating and fatal crashes a slight positive
(increasing curvature results in increasing crasies) relationship was found. While this
correlation was not found to be significant, and term could have been left out of the
incapacitating and fatal injury crash model, it vwasluded in the proposed model to make
reviewers aware of a potential undesirable coioglatlt could also be hypothesized that
although a crash is less likely on a curved roagdwage a crash occurs it has a higher potential
for being fatal.

2. Median width — The results strongly support FDOT’s median wiglticy. The researchers
strongly endorse FDOT's efforts to implement thedime width requirements on all new
roadways.

3. Shoulder width and inside shoulder width — The results support FDOT’s shoulder width policy
The researchers strongly endorse FDOT's efforts inplement the shoulder width
requirements on all new roadways.

4. Surface width — The results support FDOT’s current lane widdndards (instead of narrower
widths).

5. Sgnals per mile and driveways per mile — The results support FDOT’s access management
standards. The researchers acknowledge that FD@T balance safety with the access needs
of residents and businesses. Nevertheless, tharobers strongly endorse FDOT's efforts to
enforce its access management policies when comgldapplications for new driveway
connections and signalized intersections.

Conclusions

The results of this research strongly support FBGsTandards, as stated in the Plans
Preparation Manual and the State Highway Accessagiement Classification System and
Standards. The information obtained by this regeavill help designers make decisions on



what roadway treatments may be appropriate andrumdat conditions. Although FDOT has
comprehensive design and operational standardse tendards provide some flexibility to
individual designers / engineers. In some cas$es,flexibility is required to address right-of-
way or environmental constraints. At other timibg flexibility allows for the accommodation
of local community preferences. Additionally, \ars designers / engineers may apply the
standards differently from each other. Howeveg, rissearchers strongly recommend that FDOT
weigh the advantages of granting exceptions tosthadards against the potential for reduced
safety. By implementing the results of this reseaFDOT will be able to continue to provide
for the roadway capacity needs of Florida while mteaning or improving the safety of its
roadways.
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CHAPTER 1 INTRODUCTION
1.1 Overview

Numerous researches on traffic crash occurrenceasomlance have been conducted.
The research questions are targeted at issuesasudesigning a roadway which can totally
eliminate traffic crashes, whether crashes areigiedale, and if there is a relationship between a
crash and geometrics or traffic operations. Inwensg these research questions, different
researchers have tried to find a relationship betwaghway geometrics/traffic characteristics
with highway crashes. These relationships are cdoase crash prediction models. A crash
prediction model is a statistical approach whiakdi crash frequency or rate as a response
variable with highway geometrics and traffic dasaradependent variables.

In recent years, analysis has shown six-lane highweving higher crash rates when
compared to four-lane sections in the State ofidor This difference in the crash rate is
hypothesized to be caused by differences in geasesnd traffic characteristics on six-lane
highways compared to four-lane sections. The rgaal of this study was therefore to improve
the safety of six-lane divided roadways in the &tatFlorida by mitigating the high crash rates
on the roadways. The goal was to be achieved alpating the roadway and operational factors
influencing the crash frequency on six-lane dividexhdways. The detailed analysis of
geometric and traffic data from various databases ia the field was undertaken in order to
establish correlation between these factors anghdraquency. These factors are used to build
the crash prediction model, which can be used bygr@rs, designers, and engineers to improve
highway design and maintenance in order to pron&eafety of six-lane divided roadways.

1.2  Scope and Methodology

In undertaking this study, a comprehensive revidwiterature was done to uncover
previous research, both published and unpublishadies. Both the Florida State University
(FSU) library and other external libraries wereduse search for appropriate literature. More
than seventy texts, reports and articles on crastligtion and modeling were found and most of
them are summarized in the reference section. ekkernal libraries utilized in this study were
TRIS, NTIS, Elsevier Science, TRRL and other websiéarch engines. Findings from the
literature review are found in chapter two of th@port.

Crash data and roadway geometrics were acquired the Florida Department of
Transportation (FDOT). Through the Virtual Privatetwork (VPN) and by using FDOT
INFONET, we were able to access the Roadway Chaisiit Inventory (RCI), crash data
information, and video logs of six-lane divided deoays categorized as urban (456 miles) and
suburban (66 miles). Additional collected dataluded pavement condition in terms of the
international roughness index and rutting raterotigh straight line diagrams (SLD) and video
logs, access points were counted and variablesieceri The STATA program was used for
combining crashes with RCI and also for sectiomsagations.

All variables used in this study are also discudsedetail. Discussion is based on the
criteria used to select desired variables amongthers. Furthermore, the frequencies of those



variables with respect to the total number of s&xipresent and with respect to crash frequency
are discussed. The scatter plots of the variakittscrashes were also done for each variable in
order to show their distribution and trends.

A review of crashes occurring on four-lane roadwaws conducted for the purpose of
comparing various attributes of these crashes deettpertaining to six-lane roadway crashes.
The main intention of comparative analysis wasrnd problematic factors of six-lane highways
and compare their effects on four-lane sectionshrodgh RCI and the crash database, a
comparison of four-lane and six-lane crashes waslwtted in terms of descriptive statistics
without undertaking inferential statistics. By mgi roadway geometrics, pavement and
environmental conditions, crash contributing fast@nd traffic characteristics, descriptive
analysis was done in terms of the crash rate betfee-lane and six-lane roadways.

The choice of appropriate distribution was selededed on statistical tests. This
involved different statistical tests and observatidefore concluding appropriate distribution.
Also completed in this study is the analysis ofadathich led to the relationship between
roadway geometrics and operational features anshch@quencies of the sampled roadway
segments. This includes determining the statistsignificance between independent and
response variables. Various statistical techniquwese used to rank the significance of
geometric and operational variables in influenangshes. A number of hypotheses were tested
and this led to the development of the final mod&he main feature from this section is the
“crash prediction model” developed through regm@ssanalysis. This crash prediction model
will be able to make a quantitative estimate ofshrérequency for given various independent
geometric and traffic variables. At the end, thash prediction model is developed. Also
discussed are the different techniques which leattdpping some variables from the model due
to insignificancy or collinearity. Findings fronmd model and the effect of each variable are
described. Lastly, the conclusion and recommeodsatare given in the final chapter of this
report.



CHAPTER 2 LITERATURE REVIEW FINDINGS
2.1 Purpose and Scope

A comprehensive search of literature was undertakenncover both published and
unpublished reports on previous efforts relatesttmlying geometric factors affecting safety and
operations on six-lane roadways. Resources aFlitvedda State University were used in the
search. The resources included library holdingsalthses, and gateway services. Through FSU
libraries, external database services sucifRIS NTIS Elsevier Science, TRRL, and OECD
were accessed. The collection of information eglab the important modeling variables was
achieved through review of past highway safety modeesults and the review of variables
contained in the Roadway Characteristics Invent@{ZI) variables contained in the RCI
database maintained by the Florida Department afhgportation. Since sufficient information
related to the modeling variables was obtaineduiinathis process, survey of practices to the 50
states was not conducted as initially planned. féHewing sections describe the results of the
review of the modeling variables.

2.2 Response Variables

The review of crash models reported in the litexatievealed that the crash rate and
crash frequency are commonly used as dependeméegponse) variables. The crash rate is a
measure of exposure as it is related to the vemdkes of travel. Since the number of crashes is
generally low on highway sections, the crash raiaiculated per million or 100 million vehicle
miles of travel. The use of the crash rate as¢sponse variable causes the volume of traffic
and section length not to be treated as indepenageiables. If volume and section length have
to be considered as independent variables, thé dragquency should then be considered as a
response variable and not a crash rate. Furtherntloe literature review revealed that even
when the crash frequency is used as a dependenblearthe crashes are disaggregated into
injury category i(e., fatal crashes, injury crashes, and property danoady [PDO] crashes) and
modeled separately. Generally, the disaggregaidone by researchers when building models
designed to investigate the influence of operaspged and other traffic variables on safety.
Another important issue in deciding on the respora@ble is the time frame of the analysis.
To avoid regression-to-the-mean phenomenon, theotiseulti-year crash data is suggested.
However, the modeler has to be careful that moth@independent variables (discussed below)
must have remained the same during those yearsywase, the modeling should consider
different years independently.

2.3 Independent Variables
2.3.1 LaneWidth

The effect of lane width has been discussed inouaristudies. The link between lane
width and safety stands on two principles. Thstfis that the wider the lanes, the larger the
average separation will be between vehicles mowviregjacent lanes. The second strand in the
link between safety and lane width is that a widee may provide more room for correction in
near-crash circumstances. Hence, for a narrow Emeoment’s inattention may lead a vehicle



off the edge-drop and onto a shoulder; howeveheaflane is wider and the shoulder paved, the
same inattention will still leave the vehicle onetlpaved surface. In these near-crash
circumstances, it was difficult to distinguish thkects of lane width, shoulder width, shoulder
paving, edge-drops etc. Different studies havevdreontradictory conclusions on the effect of
lane width. Noland and Oh (2004) found that therease in lane width had no statistically
significant effect on the crash rate, but Abdel-Atyd Radwan (2000) found that narrow lane
width, narrow shoulder width and reduced medianthviésulted in significant increases in the
crash rate. On the other hand, Hetdal. (1995) found that increasing the lane width telB2ft
depending on the highway type is estimated to rederash rates for urban freeways and
undivided highways while Karlaftist al. (2002) found that lane width, pavement condition,
pavement type and pavement friction are the mopbrtant variables affecting crash rates on
two-lane highways. In another study done by Hahei@al (2000), they developed base models
and accident modification factors (AMF). One o factors was on lane width in which a factor
of 1.15 was used to project the crash rates onwagsl with 11-ft lane widths compared to
roadways with 12-ft lane widths. This meant thed trash rates on highways with 11-ft lanes
were higher by 15% compared to highways with 1lasfes.

2.3.2 Number of Lanes

The number of lanes is another variable which heenldiscussed in detail by various
researchers. Almost all studies do conclude tmathigher the number of lanes, the higher the
crash rate. In their research, Noland and Oh (R@@4hd that increasing the number of lanes
was associated with increased traffic crashesantther study, Abdel-Aty and Radwan (2000)
found that more lanes in urban roadway sectionsasseciated with higher crash rates. Garber
(2000) considered flow per lane and found thateleas an increase in the crash rate as the flow
per lane increased. Evidence of the effect ofrilimber of lanes can be seen when a study is
done on the conversion of a two-lane, two-way raagte four or six lanes. With such studies,
most have shown an increase in the crash ratdudy ¥y Hadiet al. (1995) developed negative
binomial regression models to estimate the infleeat cross-sectional elements on different
highway types including freeways, two-lane highwaarsd multi-lane highways. Of interest in
this review were the model result differences betwiur-lane urban divided roadways and six-
lane urban divided roadways. The general compar@&fothe models indicated that higher
AADT levels resulted in higher crash rates for urlbiavided highways. In addition, the models
suggested that the safety benefits of increasindianewidth were more on six-lane urban
highways than on four-lane urban highways. In toldj the models showed that the effect of
intersection density on crash rates was more procegiion four-lane divided highways than on
six-lane divided highways.

2.3.3 Median Width and Type

The primary function of the median is to separa dpposing traffic streams. It also
provides a recovery area for out-of-control veldcl@a place where vehicles can stop in
emergencies, and it allows for the accommodatiotefbfturn lanes and of openings for left or
U-turn maneuvers. A study by Haetial. (1995) evaluating median types found that thetgaf
of the median type decreased in the following ardélush unpaved, raised curb, crossover
resistance, and two way left turn lane (TWLTL). d&ti medians also seem superior to narrow



medians plus a physical barrier, since the later anly be effective if vehicles actually collide

with them. Another study (Sawalha and Sayed, 26@dnd that type of median and nature of
land use affect crash rate significantly. Harwdb€86) evaluated various design alternatives
including the following: 2-lane undivided; 2-laméth continuous two way left turn lane; 4-lane

undivided; 4-lane with raised median; 4-lane witimtinuous two way left turn lane; 4-lane with

continuous alternating left turn lane; 6-lane witised median; and 6-lane with continuous two
way left turn lane. Harwood indicated that one aadage of the 6-lane with raised median
design over the 4-lane design is that the additiomadway width provides a more generous
turning radius for vehicles to make U-turns at algred intersections to complete midblock left-

turn maneuvers that are prevented by the mediabdelPAty and Radwan (2000) found that

narrow lane width, narrow shoulder width, and rextlenedian width resulted in significant

increases in crash frequency.

2.3.4 Shoulder Width and Type

There are several purposes for providing shouldersg the highway. These include
accommodating stopped vehicles so that they danotoach on the traveled lane, facilitating
maintenance work, facilitating access by emergeratyicles and protection of the structural
integrity of the pavement. In general, the mairppge of paving shoulders is to protect the road
structure from being weakened by water, to protieetshoulder from erosion by stray vehicles
and to enhance controllability of stray vehicleBhe shoulder also provides a fairly even and
obstacle- free surface where drivers of stray Jekican regain control, recover from error, and
resume normal travel. The effect of shoulder wigltidl type has been pointed out by different
studies as an important aspect in crash frequeitye effects of shoulder width and shoulder
paving material go hand-in-hand with lane widthd aoad side events.

Researchers generally agree that the effect oflddowidth on safety is confounded
with the effect of lane width and thus these twaoialdes are generally modeled together.
Zegeeret al. (1994) found that the presence of a shouldess®@ated with a significant crash
reduction for lane widths of 10 ft or wider whilerf10-ft lanes, a shoulder of 5 ft or greater was
found to affect the crash rate significantly. Hdr and 12-ft lanes, shoulders of 3 ft or greater
were associated with significant crash reductiodother significant result was reported by
lvan et al. (1999) in which the shoulder width model coeffidiemas negative for predicting
single vehicle crashes but was positive for pradictmulti-vehicle crashes. A positive
coefficient signifies an increase in the numbecrashes as the shoulder width increases, while a
negative coefficient signifies a decrease in thmloer of crashes as the shoulder width increases.
Abdel-Aty and Radwan (2000) study found that narshwulder width increases the fatality and
injury rate compared to wider shoulder width. Haod et al. (2000) introduced the accident
modification factor, which is based on the should&ith to predict the crash rate at roadways
with different shoulder widths.

2.3.5 Access Density and Number of Sgnalized Intersections
Access density refers mainly to the number of dvass within a roadway segment.

This term can also be linked with the number ohalgation intersections within a specified
roadway section. Consideration of intersection cemp is traditionally governed by



considerations of delay, signal timing, and sigg@lordination. The safety impact of increased
traffic signal spacing is obscured by the traffalume on intersecting roadways and by vehicle
miles of travel. Access density is one of the dextwhich has been pointed out as the
determinant of crash rates on the highways. Ouwoéystione in New Jersey (Mouskesal.,
1999) on the impact of access driveways on cragks rlor multilane highways found that
approximately 30% of the reported crashes wereidibiock sections and were caused by the
presence of access points.

Another finding in this study was that approximgat2% of the entering/exiting vehicles
from/to access points have impact on mainlineitafKarlaftiset al. (2002) found that for rural
multilane roads, median width and access controkwiege most important factors followed by
the influence of pavement conditions in the craSome empirical evidence suggests that the
crash rate increases linearly with access denbity,some found that the increase may be
nonlinear. Mouskost al. (1999) found that access density and intersesfi@ting had positive
and significant coefficients. Positive coefficiemstignify increases in the crash rate as the access
density or intersection spacing increases. Intarostudy (lvaret al., 1999), it was found that
for multi-vehicle crashes, the most important pcemti variables were the class of roadway,
number of signals and daily single-unit truck petege. Collectively, these studies suggest that
frequent access points, median openings, and glagelced traffic signals are a recipe for
congestion on major roadways with its attendantseqonences on safety. Research results
deviate from each other on the level of impacheftiumber of access points on crash rates. The
model developed by Gluc#t al. (1999) suggests that an increase from 10 accessspoi 20
access points per mile would increase crash ratgsughly 30 percent. Papayannougisal.
(1999) related traffic safety to access point spcand presented results from eight states.
They found that most studies show an increasedients as a result of the increase in number
of driveways. The study suggested that a road @0tlaccess points per mile would have triple
the crash rate compared to 10 access points per mil

2.3.6 Speed and Sandard Deviation of Speed

Previous studies have taken account of the speeablain crash modeling in various
forms including posted speed limit, design spepded variance, 85percentile speed, average
speed, and actual involvement speed. In analyeiaghes in Virginia, Garber and Gadiraju
(1999) reported that crash rates increased witheasing speed variance on all types of
roadways and that speeds were higher on roadshigtier design speeds, irrespective of the
posted speed limits. The authors reported miniraahnce when the posted speed limit was less
than 10 mph below the design speed of the roade lirhitation of the study is that the
researchers combined data from different road types., rural two-lane, urban freeway, and
rural freeway — the results of which might not re=egily be replicated when considering six-
lane urban roadways only. Furthermore, Garber@R6fund that the crash rate increases as the
mean speed deviates from the posted speed linfie cfash rates were higher when the mean
speed was less than the posted speed. The ctashdexreased to a minimum when the means
were approximately equal to the posted speed lior#sh rates then continued to increase
significantly as the speed increases above thegasteed limit. For a given standard deviation
of speed, the crash rate decreased as the flolampetincreased to approximately 1,200 vehicles
per hour after which the crash rate began to irser@ath the flow rate.



2.3.7 Section Length

The importance of section length in a crash prehanodel is generally revealed when
the crash rate or crash frequency per mile is tatled. Shorter section lengths can sometimes
result in higher crash rates that might affectwhldity of crash prediction models. On the other
hand, longer section lengths can lead to unrealigtediction of crashes especially if the
uniformity of the sections in geometrics and otlkiariables is not controlled. The literature
review revealed some suggestions of reasonablesdengths for use in modeling. Tarso &
Benekohal (1997), for example, suggested sectiogite of at least 0.5 miles in modeling crash
rates on rural interstate highways and two-lanalrighways. Furthermore, some researchers
argue that if standardization of section lengthsncé be achieved, then separate models should
be built in groups of similar section lengths. tral. (2004) found a positive coefficient to
section length when they modeled single-vehicle amdti-vehicle crashes. The positive
coefficient signifies an increase in the numbecrashes as the section length increases. Milton
and Mannering (1998) found the coefficient of ldngis a variable to be positive which
suggested shorter sections would be less likelyexperience crashes than longer sections
because of decreased exposure in terms of vehitds of travel (VMT).

2.3.8 Traffic Volume

Several studies have attempted to determine thatier in crash rates as they relate to
hourly traffic volumes and traffic congestion. i@ congestion occurs when the number of
vehicles exceeds the capacity of a highway or roadsome literature, the effect of volume is
associated with other aspects of traffic flow ligpeed, density, and flow. The literature
indicates a direct relationship between trafficwoé and the occurrence of traffic crashes. As
the number of vehicles on a highway increasesptitential for conflicts within a traffic stream
also increases. In addition, previous researchdraded to quantify the influence of volume on
multi-vehicle crashes and on severity of crash@s et al. (2004) found that for single-vehicle
crashes the marginal crash rate is high at lowicrablumes and low at high traffic volumes,
probably because crashes are more likely to invaludtiple vehicles at high traffic volumes.
Zegeeret al. (1994) found that low-volume road crashes arecadid primarily by roadway
width, roadside hazard, terrain, and drivewaysnpiés.

Martin (2002) found that incidence rates involvipgperty damage only crashes and
injury crashes in France are highest when traffitightest (under 400 vph) and the incidence
rates are at their lowest when traffic flows atagerof 1,000 to 1,500 vph. Haetial. (1995)
found that sections with higher AADT levels areaasated with higher crash frequencies for all
highway types. Garber (2000) found that therenisn@rease in the crash rate as the flow per
lane increased. Mouskaos al. (1999) found that as AADT increases the crash edse
increases. Milton and Mannering (1998) found pesitoefficients of AADT in their model
indicating that as the number of vehicles througbeetion increases, so does the number of
crashes. They explained that as the number othshincreases through a section, the exposure
to potential crashes and number of conflicts ineesa The same finding about the effect of
AADT on crash rates was also found by Aruldhas 89%awalha (2003) and Poch and
Mannering (1996).



2.3.9 Percentage Trucks and Traffic Mix

Apart from general independent variables, traffitx has been studied in terms of
percentage of heavy vehicles on the roadway andeffect on the crash rate. Hiselius (2004)
estimated the relationship between crash frequandythe traffic flow by empirically treating
the hourly traffic flow in two different ways: ceisting of homogeneous vehicles and consisting
of cars and trucks. He studied rural roads in Swedsing Poisson and negative binominal
regression models. He found that important infdromais lost if no consideration is taken to
differentiate between vehicle types when estimatitegmarginal effect of the traffic flow. The
crash rate decreases when the traffic flow is ékas if it were homogeneous. However, when
cars are studied separately the result suggedtshinarash rate is constant or increases. The
result with respect to trucks is reversed, indigata decreasing number of accidents as the
number of trucks increases. Miaou (1993) evalu#ttedperformance of Poisson and negative
binomial (NB) regression models in establishing tekationship between truck accidents and
geometric design of road sections. He used theeptage of trucks as an independent variable
in building the models. In all models, the trucksrcentage had a negative coefficient, meaning
that as the percentage of trucks increased, thas avreduction in the number of crashes.
Milton and Mannering (1998) used the percentagsimdle-unit trucks and the percentage of
trucks as the variables in the crash prediction ehodihey found that an increase in the
percentage of single-unit trucks tends to decreaash frequency in Western Washington.
Concerning the percentage of trucks, they found itheends to decrease crash frequency in
Eastern Washington.

2.3.10 Land Use

Location of the roadway has been considered segharat different studies. Various
studies considered suburban, urban or rural arearately and few of them investigated the
three situations in the same model. Reténg. (2001) studied a simple method for identifying
and correcting crash problems on urban arterigetdrin Washington, D.C. They found that
urban crashes are often concentrated at specif@tiéms and occur in patterns that can be
mitigated through appropriate engineering countasuees. In another study, Ossenbruggen
al. (2001) considered safety in rural and small urbathiareas. Comparative risk assessment
showed village sites to be less hazardous thawdeesal and shopping sites. Karlaftis and
Golias (2002) investigated effects of road geomatrg traffic volumes on rural roadway crash
rates. They developed a methodology which allcwdHe explicit prediction of crash rates for
given highway sections, as soon as a profile oba ris given. Greibe (2001) created crash
prediction models for urban roads in which he fowhpping streets and city center roads
having significantly higher crash risk than, folmexple, residential roads in less densely built-up
areas. He concluded that the lower the buildintsdy, the lower the crash risk.

2.4  Other Variables
Other variables which are found in different liter@ include sidewalks, grades,

horizontal curvature, superelevation, pavement itimmg and parking type. Miaou (1993) used
horizontal degree of curvature, length of horizbotavature and vertical grade as independent



variables in truck crash prediction. He found thatth horizontal curvature and percentage grade
have positive coefficients, signifying that crasireseases as horizontal curvature or percentage
grade increase. Greibe (2001) found that roadsedinwith parked motor vehicles along the
roadside (at the curb) or in marked parking baygehhe highest crash risk, particularly for
crashes involving pedestrians, motor vehicles frdniveways or minor side roads, and for
parked vehicles. He also found that the road enwient (type and function of buildings along
the road) has a considerable influence on the arakhwith shopping streets and city center
roads having significantly higher crash risk thasidential roads in less densely built-up areas.
Milton and Mannering (1998) found that large hontad curves tend to decrease crash
frequency.

25 Facilities Modeled

It is clear that roadways of different functiondiasses will have different crash
experiences with the experiences also being diftdsetween rural and urban areas for the same
functional class. Similarly, it is evident thaashes occurring at intersections are influenced by
independent variables which are mostly differentrfrvariables influencing crashes in sections
or midblock. Some researchers developed separadelsfor highways of different functional
classes and for intersections and sections. Studees combine all roadways in a single model.
As explained before, some studies use a dummyhtaria indicate whether the section was in a
rural or urban environment or whether the crashuoed at an intersection or midblock. Poch
and Mannering (1996) used a negative binomial talehonly intersection-related crashes in
which the independent variables were left-turn aight-turn volumes, phase signals and
intersection approach speeds. Mouskbsl. (1999) separated 4-lane and 2-lane roads into
different models; they also separated models as¢lcdons with and without shoulders. Greibe
(2001) modeled only urban crashes. Harwadal. (2000) did research on the safety
performance of rural two-lane highways in whichyth#eveloped base models and accident
modification factors to account for different roamwgeometrics. Persawtal. (1997) studied
the effect on crash reduction of traffic signal ceml in Philadelphia.

2.6 Intersection-Related Crashes

Intersection-related crashes have been modeledatelyaor with particular attention
compared to those which are non-intersection relatéreibe (2001) evaluated the influence of
signal control on the total number of observedlaeas He found that the signal control variable
was not significant in the model, which indicatbattthe expected total number of crashes is
very similar for signalized and non-signalized jimies with the same flow function. With
respect to different crash types, Greibe found tkat-end crashes are significantly higher at
signalized junctions than at non-signalized juntdio Turner and Nicholson (1998) studied the
role of intersection location and non-collisionvit® on intersection crash estimation. They
found that intersection location affects the nundfedifferent crash types and that it is important
to consider the interactions between turning flowsRetting et al. (2001) developed a
countermeasure for individual intersection-basdtistans. They proposed the implementation
of safety-related operational and design changasgaéntire stretches of urban arterials, which
include roadway widening, installation of two-wagftiturn lanes, driveway elimination, street
lightning improvements, installation of raised meedi, and improved traffic signal coordination.



2.7 Choice of Crash Models

The literature suggests that there are two conditithat should be satisfied when
developing crash prediction models [Miaou and Lufh®93); Cameroon and Trivedi (1998)].
The first condition is that the model must yieldjital results, which means it must not lead to
the prediction of a negative number of crashes iamiust ensure a prediction of zero crash
frequency for zero values. The second conditiotihas there must exist a known link function
that can linearize this form for the purpose offtioent estimation. The literature review
revealed that Poisson and negative binomial digiobhs are often more appropriate for
modeling discrete counts of events such as crashieh are likely to be zero or a small integer
during a given time period. However, the Poissistribution is more appropriate for modeling
cross-sectional crash data that has equality betwesan and variance — a phenomenon called
equidispersion In many crash modeling situations the data geneexhibits extra variation,
resulting in variance being greater than the meanphenomenon known as overdispersion. A
negative binomial model is well suited for thiseas

2.7.1 Poisson and Negative Binomial

Miaou and Lump (1993) suggested the use of Poissgmression as an initial step in the
modeling effort, with the negative binomial modetn being applied where appropriate. For the
Poisson regression model, the probability of sectibaving y crashes per year (whereiy a
non-negative integer) takes the following form (@aoon and Trivedi, 1998), Washingtetral .,
2002):

Yi
i

e_l-li U

y;!

P(y;) =

y=0,1, 2...

The mean parameter is
Ely; /%] =1 =exp(x ), Variance 4,

where

Vi= a random variable representing number of cragshegash rate

Xi= parameter which is related to the occurrencearfah (vector of explanatory variables)
B= the coefficient of the corresponding factor (eeaif estimable parameters)

The negative binomial (NB) regression takes thiwahg form (Cameroon and Trivedi, 1998):

1

_ry+ay) [ ar T e T
f“””‘”_rxy+nr«fﬁ{aﬂ+u} {aﬂ+u}'y_o'L2

If a=0 means the mean is concentrated in the poimt,itheduces to a Poisson distribution.
The mean parameter is

u=E(Y) =|e"]

The variance of ))is
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Var(y) =pi+op?

where
o= overdispersion parameter

The appropriateness of the negative binomialikedb the Poisson model is determined
by the statistical significance of the estimateéfficient, a. If a is not significantly different
from zero, the negative binomial model simply reshido the Poisson model. ¢ is
significantly different from zero, the negative omial is the correct choice and Poisson
becomes inappropriate (Poch and Mannering, 1996).

Apart from the parametem, the decision of whether to use a Poisson or haepat
binomial is also based on the dispersion parametdny the Poisson error structure (Sawalha,

2003), o M ,where n is the number of observations, p is theber of model
n-p
parameters, anlearsony? is defined asPearsony? z\- (y,)f , Where yis the observed

= Var(y)
number of crashes on section i, B(i the predicted crash frequency for sectiomd ¥ar(y) is
the variance of crash frequency for section iggfurns out to be significantigreater than 1.0,
then the data has greater dispersion than is exqulaby the Poisson distribution, and the
negative binomial regression model is fitted todaéa (Sawalha, 2003).

2.7.2 Zero Inflated Poisson and Negative Binomial Regression Models

This is a kind of distribution which is used to neb@&xcessive zero count models. The
zero count may refer to the situations where tkelihood of an event occurring is extremely
rare in comparison to the normal count (CameroahTvedi , 1998; Washingtoe al., 2002;
Lee and Mannering, 2000). The phenomenon of zdtated counting has been addressed as
Zero Inflated Poisson (ZIP) and Zero Inflated NegaBinomial (ZINB) regression models.

For the ZIP model, it assumes that the evgnts(yi, Y......yn) are independent and the
model is Pr[yi = 0] = ¢ +(1- ¢i Ye

r

Py, =r]=a-4)=— =1, 2.,

where
¢@=proportion of zeroes.
Maximum likelihood estimates are used to estimageparameters of the ZIP regression model
and confidence intervals are constructed by likeddhratio tests.
The ZINB regression model follows a similar formtibn:

1 a

P=0) = ¢ + U-¢)| T
(E) tH;
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r(L)+nar a-ay

P(y=r) =@-¢,)| —< ] r=1,2,3...,n
F(E)r!

A/ a)

whereii= Ua)+u :

Maximum likelihood methods are again used to edenibe parameters of ZINB regression
model. Furthermore we can test the appropriatemiegsing the zero inflated model rather than
the traditional model, Poisson or negative binomial

The test statistic is calculated as follows.

m = In{M} , where “In” is a natural logarithm
(i 1 X))
where
f1(yi/Xi) is the probability density function for modellgysZero-Inflated Negative Binomial,
ZINB

fo(yi/Xi) is the probability density for model2, say stardinegative binomial, NB

m

Where
m= Mean:{(lln)znzm}

Sy= standard deviation

n=  sample size

V= Vuong’'s Value

If Absolute(V)<Viical(1.96 for 95% confidence interval), the test doessupport the selection
of one model over the other. Large positive valieg greater than Miica, €.9. V> Viritical favor
modell over model2 whereas large negative valuggstmodel2.

2.8 Model Validation

Researchers generally build crash prediction modgisg dataset that is different from
data used to validate the model prediction capadsli Several tests are generally used to gauge
the validity of the fitted model (Greibe, 2001)helfirst test involves checking the validity of the
assumed distribution of the response variable thist stage, normality is tested on the deviance
residuals, using the Shapiro-Wilk test. The sedesdinvolves using a graphical technique that
plots the absolute residuals verses the fittedegluThe third type of validation is by plotting
both observed and predicted responses on the seph, ghen checking the variations in the
trends and values of the two responses.
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2.9  Significance of Variables

Apart from the effect of lane width, which diffetestudies have given contradictory
conclusions in terms of its effect on the crask,ratl other variables have been found to either
increase or decrease the crash rate. The magrofutie effect of individual variables depends
on the response variable in the target. The saamte of the variable in the model is
determined in several ways. First, it is determibg looking to the sign of the coefficient of the
variable in the model. If the coefficient is pog this means that an increase in the measure of
this variable will increase the response variallethe target. If the coefficient variable is
negative, then an increase in the measure of thiabla is associated with a reduction in
response variable. The value of the coefficieab alan be used to determine if it increases or
reduces the crash rate by calculating the incidaetratio (IRR): if the IRR is significantly less
than 1.0, then an increase in the value of thaakbe is associated with a reduction in the total
number of crashes. Similarly, if the IRR is sigeahtly greater than 1.0, then this variable
increases the crash rate or frequency. If the ilRBoOt significantly different than 1.0, then the
variable is insignificant or has no effect on tmast rate. Another way of identifying the effect
of the variable on the model is by looking at faealue. The default of most modeling software
tests the effect of the variable based on a 95#ifgignce level, meaning that any variable with
a p-value less than or equal to 0.05(5%) is said tcsigaificant. Thep-value answers the
hypothesis that the coefficient of the variableeso (has no effect on the response variable). If
the p-value is less than 5%, then we are confident forenthan 95% that the variable has an
effect on the response variable.

2.10 Summary

The results of literature discussed above revedied some variables tend to be
positively correlated with occurrence of crashedlaviother variables tend to be negatively
correlated with crash occurrences. The resultgestghat the number of lanes, AADT, section
length, access density and the standard deviatidheospeed seem to be the variables that
frequently have positive coefficients in crash jprgdn models. When an independent variable
in a crash prediction model has a positive coeffitithe probability of crashes increase with the
increase in value of the variable. The variabhed seem to be negatively correlated with crash
occurrences include shoulder width, median widthygment conditions, lane width and
operating speed. The results revealed by thealite search will be used in analyzing the
difference in crash occurrences on four-lane ardasie roadways as well as building of crash
prediction models for six-lane roadways.
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CHAPTER 3 COLLECTING BACKGROUND DATA
3.1 Introduction

The following sections describe in detail the meithlogy used to capture crash and
geometric data from Florida Department of Transgah (FDOT) for this study. The study
used databases which have been created and madhiaynthe Safety Office within FDOT to
capture crash, traffic and roadway geometric ddtae data for all of the counties was obtained
and entered into a unified database. To limit prelary data needs, we originally planned to use
data from eight counties (Alachua, Duval, Browdrdon, Miami Dade, Seminole, Walton and
Volusia) to build the preliminary base model, anduse data for other counties for model
modification and validation. Since data were aidi more quickly than expected, we used a
randomly selected 80% of statewide data for the @hddvelopment portion of effort; 20% of
the dataset was used to validate the models desglioghis effort.

3.2 Databases Used

The crash and roadway geometrics were acquired FD@T databases on the FDOT'’s
mainframe computer. The databases were accessaejlththe server called Virtual Private
Network (VPN), which is a private network systertowing remote access to state-maintained
information like the Florida DOT database. FDOTs ha database called Crash Analysis
Reporting (CAR) which has different components udahg crash data stored in different
categories and attributes, roadway characterigtvesntory (RCI), skid resistance information
and other administrative information. As our ierwas crash and RCI information, our access
was mainly limited to those two categories of tlatatbase. Within the CAR database, the crash
information is divided into subsections dependimgtloe description in which one is interested.
This includes crash data reports for state maiathmadways, crash reports for all roads or non-
state roads, a high crash reference location,tarierdbased subset of crash databases and the
combination of the high crash reference locatioth\the criteria-based crash data.

Video logs were used for verification of the datad for counting the number of access
points. This database provides a visual recorceadth highway as well as its immediate
environment. Both directions of the highway alenéd separately, and the view displayed is
what "drivers"” would typically see as they proceéshg the road.

3.3 Downloading Crash Data and Segmentation

The process of data downloading and segmentatigrirmarious stages and is described
in the following sections.

3.3.1 Satewide Augmented Crashes
Crashes which occurred on state-maintained roads d@vnloaded for all four and six-
lane urban, suburban and rural highways. For-stai@tained roads, there are various options

one has to choose depending on the descriptionashde needs. Our interest was augmented
crash information which gives the crash locatiamet of crash and all contributing factors
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associated with that crash. This information wasvioaded. Crashes that occurred from
January 1997 to December 2001 on state-maintamedivays were downloaded. However, in
the augmented crash information, data about thetexamber of lanes where a crash had
occurred is missing. The database only indicdteddane group where crashes had occurred —
for example 4-5 lanes or 6+ lanes. In additiors thatabase lacks information of segment which
could explain the variability of the roadway geonust with crash. This necessitated the use of
the RCI database in combination with the augmentadh database in order to relate crashes
with roadway geometrics.

3.3.2 High Crash Reference Location Segments

This database contains the roadway identity, thginbéng of the section, end of the
section, total number of fatal, injury and propetmage crashes. The beginning and end of the
section gives out the segment length of that sectibhe high crash location was a very basic
source of information in which roadways are distisged as exactly 6 lanes or not. While
downloading the crash data by using this dataltaseconfidence level of any location with a
minimum of zero crashes was specified in order litaio all sections, even those with zero
crashes. This enabled filtration of all six-larieidked roadways. In order to capture all crash
information, the number of crashes in the high lenaserence field was specified as zero. The
default minimum number of crashes specified in thasabase is eight crashes. A confidence
level of 0% was also specified for the same regstwesdefault is 99.50% for urban, 99.00% for
suburban, and 95.00% for rural. The next step taareen for 6-lane divided roadways. All
crashes which occurred on undivided and interstagbways were eliminated from further
analysis.

3.3.3 Roadway Characteristic Inventory (RCI)

The Roadway Characteristics Inventory (RCI) databhaas the source of geometric and
traffic variables in this study. As described abokigh crash reference locations were used to
find 6-lane divided highways. RCI information w@®wvnloaded for the 6-lane divided roadways
obtained from previous procedures. The procedfirdownloading RCI data from the CAR
database was almost the same as that of crash.conm@on link between augmented crashes,
high crash location and the RCI database is roaddexytification (ID). The roadway ID is an
eight digit number with the first two digits repeeging a department’s county designation, the
next three numbers representing section numbethrenkhst three numbers representing the sub-
section number. By specifying the year 2001, raadiid and the beginning and end mileposts,
the RCI for all specified roadways was downloadad.the information from the CAR database
comes out as a text file and the variables caneotelad directly, so a customized computer
program was written which converted the text fibenfiat into a spreadsheet format and then
systematically arranged the variables in columns.

3.34 Merging Augmented Crashes with RCI
The challenging procedure was how to combine csagli corresponding segments in

RCI in a simple and quick way. The challenge waseld on the fact that crashes were in a
different file from RCI, which meant the counting @rashes which fell in a certain segment
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would have involved too much manual work. Thislieon was solved by writing a program
using STATA software to merge the augmented craglbikh shows the exact crash location)
with the corresponding segments in RCIl. The pnoghad the capability of finding the roadway
ID and segment length attributes in the RCI by IngKor the beginning and end of the section,
then matching and tallying the corresponding crasii¢he augmented crash data file which falls
within that segment; the two sets of data were thenged into a single dataset which includes
the roadway ID, number of crashes, segments ancbaksponding independent variables (as
will be shown in the next sections).

One important consideration which was taken intgoant is the direction of the
roadway. Crashes were matched with RCI basededitbction of the road in which the crash
occurred, for example, eastbound, westbound, soutitbor northbound. Though the RCI was
common for a certain roadway at that particularnssgt for both directions, the number of
crashes differed from one direction to another.

3.3.5 Characteristics of RCl Segments

It was found that some of the RCI segments werg sieort; for instance, SR-582, which
begins from Milepost 2.036 to Milepost 7.242, hatD Zegments. This on average leads to a
segment length of 0.022 miles which is a very seegment for roadway geometrics to change.
This necessitated the use of another way of segngetite sections in order to get a reasonable
segment length, compared to the one obtained birbaim the RCI. This was taken with a
grain of salt because literature has pointed oatrnibed to delineate extremely short and long
selections in the modeling of crashes.

Though the RCI segments were very short, the majaables for our interest were not
changing much with those short lengths; they chdngstead with a reasonable length of the
road. As our interest was major geometric varmbéand these were not changing with those
short sections specified in RCI, we decided to sagnour sections based on how the major
variables of our interest changes and neglect othgables. Four variables—land use, spiral
angle, superelevation, and percentage grade haesvalf “0” throughout all sections, so they
were dropped. The variables of interest that weeal are elaborated below:

LENGTH = Section Length

Number of Access points

AVGDFACT = Average D Factor
AVGKFACT = Average K Factor
AVGTFACT = Average Truck Factor
MAXSPEED = Maximum Posted Speed limit
MEDWIDTH = Median Width
SLDWIDTH = Shoulder Width
ISLDWDTH = Inside Shoulder Width
SURWIDTH = Pavement Surface Width
PAVECOND = Pavement Condition
SECTADT = Section AADT
SIDEWALK = Sidewalk Width
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HRZDGCRYV = Horizontal Degree of Curve

IRI = International Roughness Index
URSUBRUR = Urban, Suburban, Rural
DIVUNDIV = Divided Undivided Median
ACMANCLS = Access Management Class
TYPEPARK = Type of Parking

SURRNUM = Surface Number

SHLDTYPE = Shoulder Type

ISLDTYPE = Inside Shoulder Type
RDMEDIAN = Roadway Median Type

Section length is not a variable in the original IRBut it was created in terms of
segmenting the sections. The variables, numbercoéss points and international roughness
index are not in the RCI for the time being andused different methodology, as will be further
explained at a later point, to incorporate thero the segments. The access management class
is present for all other counties except for Middaide; external data apart from RCI was to be
used to fill the variable for Miami-Dade.

3.3.6 Segmentation of the Sections

As mentioned before, the RCI segments were verytsthoe to inclusion of some
variables which were not of interest to us and \wd to re-segment them based on how the
major variables changed. The STATA program washiged again to segment the sections in
order to increase the section lengths. This proghad the capability of passing from the
beginning of the first segment in short RCI, regdime measure of that variable, then advancing
it to the next segment and recording the corresipgndalues. When this program recognizes
that there is a variable which has changed in vatugharacter or any measure of it, the program
was able to combine all above segments togetharsasyle segment. The program further read
the start and end of that created segment, cowlitedashes which fell within that segment and
produced which variable had changed before advgrtoirthe next group. The outcome of this
program was roadway ID, start and end of the neymeat, total number of crashes, and all
variables; additionally, it noted the changed Magawvhich led to that segmentation. At the end
of this segmentation, there were 3200 sections fegghty different roadway ID sections from
eight counties, as mentioned earlier.

3.3.7 Manual Segmentation

Even after segmenting the sections by using thepaten program, there were still some
sections with very short lengths like 0.001 mildhese short sections resulted from some minor
changes which were not of much significance. Retance, the shoulder width changed from 2
ft to 1.5 ft or the raised curb changed from 4 gxlo 6 inches. With these small differences,
manual re-segmentation was done in order to comtinse short length sections without
deleting any variables and also without losing aegments. In this process, the segments were
reduced to 2039 with a total length of 521 miles both directions. The minimum section
length was 0.021 mile and this was just for ondicecthe average section length was 0.256
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mile, with a maximum of 1.925 miles. Figure 3.Yag a summary of all procedures used for
combining crashes with roadway segments.

HIGH CRASH REFERENCE LOCATION

!
; ! '

Fatal, injury and Find 6-lane roadways by Number of crashes
PDO crashes noting their Roadway ID within a segment

I

With the same roadway ID, download the roadway getdos
and traffic characteristics from RCI database

A 4

With the same roadway ID in RCI, find the corresgiog number of
crashes which falls within RCI segments from augeeicrashes

\ 4

Segment new sections from short RCI sectipns
based on how major variables of interest changes

A 4

Refine the segments into reasonable section
lengths by manual re-segmentation of short
lengths.

Figure 3.1  Procedures Used from Downloading Crash&a up to Final Segments
3.4 Inclusion of Number of Access Points

Inclusion of the number of access points was necgssince it is one of the factors
which affects crashes on roadways. Detailed dgonsof the effect of access density on the
frequency of crashes is given by Gluglal. (1999), Papayannoule al. (1999) and Karlaftigt
al. (2002). As summarized earlier, this variable watioled by using the video log, where the
number of access points corresponding to every segjmas counted. The number of access
points with corresponding frequency and total lareye shown in Table 3.1.
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Table 3.1 Access Points Frequency

Access Total
Points Frequency| Total Length Access Points| Frequency Length
0 382 59.27 15 6 6.31
1 484 70.20 16 6 6.28
2 366 64.83 17 6 6.29
3 227 51.73 18 3 2.31
4 151 41.31 19 8 6.82
5 95 33.55 20 6 6.07
6 75 32.35 21 3 3.78
7 59 25.50 22 5 6.74
8 36 15.55 23 2 1.88
9 31 16.08 24 2 1.56
10 26 16.66 25 5 5.69
11 15 9.98 26 1 1.58
12 12 7.22 27 3 4.34
13 14 9.34 33 1 1.93
14 8 6.16

3.5 International Roughness Index (IRI)

This variable is not currently in the RCI; howevér,was found in the pavement
condition index data which was obtained from FDOAmong the variables present under
pavement index data are the crack rate, IRI, paaemmendition, ride rate number and rut rate
number. International roughness index was choseause the RCI already contained pavement
condition as a variable. Moreover it was suggeshed IRI explains the roadway pavement
condition better than the other variables in trasegory. For all segments, the value of IRI
corresponding to it was entered. All variablessdrofor this study are explained in the next
chapter where detailed descriptions about eaclamarivill be given.
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CHAPTER 4 COMPARATIVE ANALYSIS OF FOUR-LANE AND SI X-LANE
CRASHES

4.1 Introduction

As part of the research objectives, safety charatts of four-lane roadways were to be
compared to the safety characteristics of six-laragways. The comparative analysis involved
determining the impacts of various roadway elemestwironmental conditions, weather and
vehicular activities with the intention of highligihg variables that could have significantly
contributed to crash occurrences. The comparisas ased on the frequency of crashes, the
number of fatalities, and the number of injuriesbmth six-lane and four-lane roadways. The
percentage of crashes in a particular category rggpect to others was also taken into account
to find out which element within that category wagher in number of crashes or fatalities or
injuries compared to others and compare its effatt six-lane or four lanes. A crash rate
which is expressed as crashes per million vehidlesnof travel was also computed for each
element and category and comparisons were madashCate seems to be a good comparison
value since it takes into account the length of dleetion and traffic volume. Spearman
correlation and Pearson chi-square tests were tostes$t the hypotheses. Roadway geometrics
considered include median width, median type (paveded and undivided), shoulder width,
shoulder type, surface width, skid resistance nunalpe traffic way (level and curve). Road
condition variables considered include surface tmn surface type, weather condition and
lightning condition. Traffic characteristics cotisied are posted speed limit and type of side
road parking. Contributing causes, vehicle movenpeior to crash occurrence, traffic control,
land use, roadway functional class, and harmfuheaee also considered in this comparison.
This comparison comprises of both divided and udéid sections.

Apart from comparing frequencies and crash ratgsothesis testing was also performed
comparing distributions of crashes on four andlane sections. The null hypothesis was that
the distributions of crashes on four and six-laeetisns were independently affected by
roadway geometrics. In order to find if the distiions were the same or not, hypothesis testing
was performed to test independency and distribugiquality. Two statistical tests are used in
this analysis to test crash distributions on foamd six-lane sections. The first one is the
Spearman Rank Correlation Test. The Spearman Testupes a Spearman Correlation
Coefficient, rho. This coefficient can take vallegtween -1 and +1. When rho = -1, we have
two distributions that have a perfect negative@atron. That is, without exception, as the value
of one distribution in our sample becomes largkg value of the second distribution gets
smaller. Similarly, rho = +1 indicates a perfecspwe correlation. A value of rho = 0 means
that there is no correlation between the two digtrons, that is, they are completely independent
of one another. In short, the Spearman Test disglze Spearman rank correlation coefficient
between four-lane and six-lane sections along witist showing whether four-lane sections and
six-lane sections are independent.

To carry out the Spearman Rank Correlation Te#t, fist rank the values of each
distribution (six- and four-lane crashes) from dewstlto largest. Then we find the difference
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between ranks for each pair of numbers. After watsquare these differences and sum them to
obtain difference, D. Then we use the followingi&tipn to calculate Spearman's rho.

6> D’
rhozl——z;‘ -
n(n“ -1
Where n = number of pairs of values.

Thereafter, we compare the calculated rho withaalyetabulated ones. If the calculated rho is
equal to or greater than the tabulated rho, wectdjge null hypothesis at the 5% level of
confidence. If the calculated rho is less than tdleulated rho, we fail to reject the null

hypothesis at the 5% level of confidence.

The second test used in this comparison is Peacdmsquare which creates a
contingency table (cross tabulation). Five stapstaken when calculating Pearson Chi-square:
(1) First, the null hypothesis is stated which @&dshes on six-lane and four-lane sections are
independently distributed.” (2) Then frequencids tlle events expected under the null
hypothesis are computed. These provide expectemtsoor frequencies based on some
“statistical model,” which may be a theoretical tdimution, an empirical distribution, an
independent model, etc. (3) The observed countiat falling in the different cells are noted.
(4) The difference between the observed and thea®d counts are computed and summed.
The difference leads to a computed value of Chia%e§?) test statistic. The test statistic is
given by

k (O -E)?
Xcalzzz( IE l)
— i

whereQ; is observed counts and 8 expected counts. (5) The test statistic isgamed to the
critical points of the/® distribution Qza,k_p_l) and a decision on the null hypothesis is made
reject the null hypothesis jcasy’ux-p1 and conclude that the two distributions are depetde
otherwise the two distributions are independertie franslation of a “dependent” result in four-
lane to six-lane comparison would be that thermisignificant difference in the way crashes are
occurring on both roadways based on the roadwaaflic category of interest.

4.2  Comparison Based on the Total Number of CrasheBatalities, and Injuries

A total of 45,136 and 51,588rashes occurred on six-lane and four-lane sections
respectively. The combined number of crashes ooguron both roadway types is
approximately 70% for all crashes that occurredstate-maintained roads in year 2001. The
vehicle miles of travel on six-lane roadway sedtiam 2001 was 17,641,315,676 while on four-
lane sections it was 32,295,189,655. Further tesué shown in Table 4.1 and Figure 4.1(a).

Table 4.1 and Figure 4.1(a) show that six-lanei@esthad higher crash and injury rates
compared to four-lane sections. The fatality rates nearly the same though six-lane sections
are higher by 0.004 (25%) fatalities per milliorhieée mile of travel (VMT) while injury rates
on six-lane sections are higher by 61% compardduclane sections. For all crashes, six-lane

21



sections had a crash rate of 2.559 crashes peomIMT while four-lane sections had a crash
rate of 1.597 crashes per million VMT, a 60% difece.
Table 4.1 Comparison of Crash, Fatality and InjuryRates

Six Lanes Four Lanes

Total Crash VMT Crash Rate Total Crash VMT CrRstte
Crashes | 45,136 17,641,315,678.559 51,583 32,295,189,65%.597
Fatalities| 350 17,641,315,6760.020 531 32,295,189,659.016
Injuries | 40,611 17,641,315,676.302 46,048 32,295,189,659.426

Crashes, Fatalities and Injuries per MVMT

2.559
2.302

1.597 1.426 m6_Lanes

m4_Lanes

0.0200.016

Crashes Fatalities Injuries

Figure 4.1(a) Rates per million VMT for Crashes, F&alities and Injuries

4.3 Urban, Suburban, Rural and Median Type
4.3.1 Total Number of Crashes

Figure 4.2(a) shows that on six-lane roadways aB8@&t of crashes occurred in urban
areas, 16% in suburban areas, and less than 2%redan rural areas. On four-lane sections,
the percentages were 60, 30, and 10, respectivieigure 4.2(b) shows that six-lane sections
generally had higher crash rates except for urbadivided sections where four-lane sections
had higher crash rates. A clear difference intcrases is observed on raised median sections
where crash rates on six-lane roadway sectionsad higher compared to four-lane roadway
sections. Undivided sections had higher crastsratefour-lane than six-lane sections. This
difference is probably explained by the fact tHagré were few undivided six-lane sections
compared to four-lane sections and that there fesvecrashes on undivided six-lane sections.
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Figure 4.2(b) Comparison of Urban, Suburban and Rual Combined with Median Type
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Figure 4.2(c) Comparison of Urban, Suburban and Rual areas and Median Type
4.3.2 Injuriesand Fatalities
Figure 4.3 shows that six-lane sections had hidgdlity rates on divided and raised
sections compared to four-lane sections exceptui@ divided raised sections. There seems to

be a difference between fatality rates occurringsbilane roadways with raised medians
compared to those without raised medians. Injatgs were high on six-lane sections for all
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categories except on undivided sections. In suburéreas, six-lane sections with raised
medians had high injury and fatality rates.

4.3.3 Hypothesis Testing on Distribution of Crashes with Respect to Road Class

To determine if there was a significant differemcehe distribution of crashes, fatalities
and injuries on six-lane and four-lane sectionseiation to the class of the roadway, a Chi-
square tests were performed the results of whiellisplayed in Table 4.2. Table 4.2 shows that
all tests show that the distributions of crashagalities and injuries on four-lane and six-lane
sections based on roadway class were not significalifferent. This result suggests that,
despite the reported differences, one can not adecthat roadway class influences crashes
differently on four-lane and six-lane roadways.

Fatality Rates Injury Rates

0.022 rogp 3.133
0.020

01 o Fatrate6
O Fatrate4

0.00 0.00 l

Urban Urban Urban Suburban Suburban Rural Urban Urban Urban Suburban Suburban Rural
Div/Raised Div/Paved Undivided Div/Raised Div/Paved Div/Raised Div/Raised  Div/Paved  Undivided Div/Raised Div/Paved  Div/Raised

@ Injrate6
@ Injrated

Figure 4.3  Injury and Fatality Rates Based on Roadway Classification

Table 4.2 Hypothesis Testing Based on Roadway Class

Chi- Calculated  Chi- | Observed Chi- Conclusion:
Square Squarey’eal Square(@=0.05) Relation  between
Test Xon-p-1= X Obs Four- and Six-Lane
Crashes
Total crashes 24407.8 11.07048 No difference
Fatalities 249.2279 11.07048 No difference
Injuries 22438.62 11.07048 No difference

4.4  Traffic Way
4.4.1 Total Number of Crashes

Figure 4.4(a) shows that most crashes on both léme-and six-lane sections were on
straight-level followed by straight at grade setsioln both categories of traffic way (Straight-

Level, Straight-Grade, Curve-Level and Curve-Gradix}lane sections had higher crash rates as
shown in Figure 4.4(b).
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Figure 4.4(b) Comparison of Crash Rates Based on @&ffic Way

4.4.2 Injuriesand Fatalities

Figure 4.4(c) shows that six-lane sections had Haghlity and injury rates for all
categories of traffic way. The fatality rate waghhon curved level sections while the injury rate
on six-lane sections was high on straight with gradctions while on four-lane sections it was
high on straight level sections. Figure 4.4(c)vehdatality and injury rates for both four-lane
and six-lane roadway sections.
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Figure 4.4(c) Fatality and Injury Rates with Respetto Traffic Way
4.4.3 Hypothesis Testing on Distribution of Crashes with Respect to Traffic Way

The Spearman rank correlation coefficient, rhoTable 4.3 showed a high correlation
between the distribution of crashes according aéfitr way for four-lane and six-lane roadway
sections. The results from the Spearman test ghdwat the crash and injury frequency
distributions were not significantly different wil fatality frequency distributions were
significantly different. Overall, the Chi-squaest found a similar result as shown in Table 4.3.

Table 4.3 Hypothesis Testing Based on Traffic Way

Test Value Null Hypothesis P-Value Conclusion
Spearmar Rho=1.000| Crash  FrequenciesProb>|t|=0.000 Crash frequencies on six and fqur
are independent lanes are not different
Rho=0.8 | Fatal Frequencies areProb>|t|=0.20Q Fatality frequencies on six and four
independent lanes are different
Rho=1.00 | Injury  Frequencies Prob>[t|=0.00 | Injury frequencies on six and four
are independent lanes are not different
Chi- Calculated Chi- | Observed Conclusion: Relation between
Square Squarefcm Chi-Square Four- and
Test (a=0.05) Six-Lane Crashes
Xza,n—p—1= XZObs
Total 534.5411 7.814725 Not Different
crashes

4.5 Road Functional Class
45.1 Number of Crashes

Figure 4.5(a) shows that most crashes on bothléme-and six-lane roadways occurred
on urban principal arterials. The six-lane sedibad high crash rates for all categories of road

functional class except for urban collectors whiener-lane sections had higher crash rates as
shown in Figure 4.5(b). Though four-lane sectibad high crash rates in urban collectors, one
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can argue that there were very few six-lane urlmdieator sections. There were only 9 crashes
which occurred on six-lane urban collector roadsgared to 516 crashes on four-lane urban
collector roadway sections. On both four-lane aixdlane sections, urban minor arterials had
high crash rates.
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Figure 4.5(a) Percentage of Crashes Based on Roadr€tional Class

3.08
2.47 .58
2.16
1.46 1.54 .57 m6_Lanes
1.16 23 m 4 _Lanes
.69 .70
0.3

Rural Rural Urban Urban Urban Urban
Princ. Minor. Princ. Other. Minor.  Collector
Aterial Arterial Arterial  Arterial  Arterial

Crash Rates

Figure 4.5(b) Comparison of Crash Rates Based on Bd Functional Class

45.2 Injury Rates

Except for urban major principal arterials, sixdasections had high in injury rates for
other road functional class categories. Injurgsain urban major arterials were much higher on
four-lane compared to six-lane sections. In urtvamor arterial category, injury rates were not
different between four-lane and six lane sectiofsgure 4.5(c) gives details of injury rates
based on road functional classes.
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Figure 4.5(c) Injury Rates with Respect to Road Fuctional Class
45.3 Hypothesis Testing on Road Function
The Spearman test showed four-lane and six-larteosetad almost similar distribution

of crash frequencies based on functional classhawrs by rho of 0.9 in Table 4.4. The Chi-
square test also shows similar result.

Table 4.4 Hypothesis Testing Based on Road FunctiahClass

Test Value Null Hypothesis P-Value Conclusion
Spearmarn Rho=0.9 | Crash Frequencie®rob>|t|=0.0374 Crash frequencies |on
are independent six and four lanes are
dependent

Chi- Calculated Chi- | Observed Chi-Square| Conclusion: Relation
Square Squarey’ea (6=0.05)y’unpa1 obs | DEtWEEn Four- and
Test Six-Lane Crashes

Total 8678.626 11.07048 Not Different

crashes

Injuries | 39361.51 11.07048 Not Different

4.6 Parking Type
4.6.1 Number of Crashes

Analysis of parking related crashes showed that 88%ashes on six-lane sections were
not parking-related. On four-lane sections, 88%ewmot parking-related. For those crashes
which were parking-related on four-lane sectionsstroccurred in areas with curbs on one or
both sides of the roadway as shown in Figure 4.6k@ur-lane sections had higher crash rates
than six-lane sections when parking was availabl®dath sides of the road as shown in Figure
4.6(b). Six-lane sections had higher crash ratethke other categories of parking type.
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Figure 4.6(b) Comparison of Crash Rates Based on Rdside Parking Type
4.6.2 Fatality and Injury Rates

Fatality rates were higher on six-lane sectionslircategories of parking compared to
four-lane sections. The same trend is seen wijtinyirrates except that four-lane sections had

higher injury rates when there was parking on tsitles. This difference should be viewed in
the light that 98% of crashes on six-lane sectams 88% of crashes on four-lane sections were
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not parking-related. As shown in Figure 4.6(ckbcane-sided parking was high in fatality rate
on six-lane sections while on four-lane sectiohs,fatality rates were almost uniform.
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Figure 4.6(c) Fatality and Injury Rates with Respetto Roadside Parking Type
4.6.3 Hypothesis Testing on Parking Type

The trend of similarity between crashes occurringfaur-lane and six-lane sections is
also observed based on parking-related crasheg Spearman rank correlation showed that
crash and injury frequencies between the two distions were not significantly different giving
a high correlation of 0.9. Fatality rates on ftame sections were shown to be independent with
those on six-lane sections. Both Spearman and&e&hi-square showed that the distribution
of fatal crashes between four- and six-lanes wetevery different. Table 4.5 gives a summary
of these test results.

Table 4.5 Hypothesis Testing Based on Parking Type

Test Value Null Hypothesis | P-Value Conclusion
Spearman Rho=0.900 Crash FrequencieBrob>|t|= 0.0374 Crash frequencies on six @gnd
are independent four lanes are dependent
Rho=0.800 | Fatal FrequenciesProb>|t|=0.1041 Fatality frequencies on six
are independent and four lanes are not
dependent
Rho=0.900 | Injury Frequencies Prob>|t|= 0.0374 Injury frequencies on six and
are independent four lanes are dependent
Chi- Calculated Chi- | Observed Chi-Square| Conclusion: Relation
Square Squarey’ea (0=0.05)%s.np-1X 0bs between Four- and Six-Lane
Test Crashes
Total crasheg 6539.242 9.487728 Not Dependent

4.7 Shoulder Type
4.7.1 Number of Crashes

Paved and curb & gutter type of shoulders had romashes for both four-lane and six-
lane sections. On six-lane sections, 71.2% ofhemoccurred in curb gutter shoulder areas

followed by 25.9% on paved shoulder sections. Qur-fane sections, 43.38% were on the
sections with curb & gutter shoulders and 41.99%ewan sections with paved shoulders as
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shown in Figure 4.7(a). Sections with curbed @e@ shoulders had higher crash rates on four-
lane sections compared to six-lane sections as rshioviFigure 4.7(b). Six-lane sections had
high crash rates at the sections with paved, lamcharb & gutter type of shoulders. Raised
curb shoulders are seen to be associated with drggh rates for both four-lane and six-lane

sections.
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Figure 4.7(b) Comparison of Crash Rates Based on 8ulder Type

4.8 First Harmful Event

Analysis by first harmful event revealed that mastshes were rearend type followed by
angle crashes and left turn types. The head-orrightiturn collisions were few compared to
other type of crashes. Four-lane sections had drigh rates in right-turn crash categories while
for other first harmful events, six-lane sectioasl nigh crash rates as shown in Figure 4.8(a).
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The testing of hypothesis as shown in Table 4.@akad that the two distributions (six-
and four-lane sections) with respect to first harnefzent were no significantly different.

Table 4.6 Hypothesis Testing Based on First HarmfuEvent

Test Value | Null Hypothesis | P-Value Conclusion
Spearmar Rho= Crash FrequencigsProb>|t|= 0.000 Crash frequencies on six and four
0.9713 | are independent lanes are not different
Chi- Calculated Chi- | Observed Chi- | Conclusion: Relation between
Square Squarey’ea Square  @=0.05)| Four- and Six-Lane Sections
TeSt Xza,n—p—l: XZObs
Total 930.3788 35.17246 Not Different
crashes

4.9 Contributing Causes

Contributing circumstances are divided into improfgning, careless driving, improper
lane change, exceeding safe speed limit and faibngeld right of way. Six-lane sections had
higher crash rates than four-lane sections in esstported to be caused by failing to yield right
of way, improper lane change, improper turning, ardeeding safe or posted speed limit as
shown in Figure 4.9(a). The presence of more |lamés/pothesized as the cause for six-lane
sections to have high crash rates for the causetioned above compared to four-lane sections.
Figures 5.9(a) and Figure 4.9(b) show injury andliiy rates, respectively.
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Figure 4.9(c) Comparison of Fatality Rates Based oBontributing Causes
The Chi-square test showed crash and injury fregcjasrio be not different on four-lane
and six-lane sections while fatality frequency mlgttions were significantly different. The
results of the hypothesis testing are displayedairie 4.7.

Table 4.7 Hypothesis Testing Based on ContributinGauses

Chi- Calculated | Observed Chi-| Conclusion: Relation
Square Chi-Square | Square(@=0.05) between Four- and Six-
Test el VP an-p120°0bs Lane Crashes

Total crashes| 712.203 30.14351 Not Different

Fatalities 19.65631 27.5871 Different

Injuries 873.3302 30.14351 Different

410 Traffic Control

Figure 4.10(a) shows that the crash rate was higleaions with yield sign and special
speed zones on both four-lane and six-lane secti@vith respect to unsignalized intersections,
the fatality rate was higher on six-lane sectioith wtop signs than similar four-lane sections.
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Figure 4.10(a) Comparison of Crash Rates Based ondific Control
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Figure 4.10(b) Comparison of Fatality Rates BasednoTraffic Control

As shown in Table 4.8, crash frequencies on faoeland six-lane sections were no
significantly different but fatality frequency digiution seem to be significantly different.

Table 4.8 Hypothesis Testing Based on Traffic Conit

Chi- Calculated | Observed Chi-| Result Conclusion:
Square Chi- Square(@=0.05) Relation between
Test Square % a,n-p-1= Obs Four- and Six-
Ycal Lane Crashes
Total 849.7247 18.30703 X2:aP>)20ns | Not Different
crashes
Fatalities 15.89402 18.30703 X2:a<y20ps | Different

411 Land Use

Figure 4.11 shows that high density residential @BiD areas had high crash rates on in
both four-lane and six-lane roadway sections.
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Figure 4.11 Crash Rates with Respect to Land Use

The hypothesis testing based on land use showesh draquencies to be not significantly
different on four-lane and six-lane section as showTable 4.9.

Table 4.9 Hypothesis Testing Based on Land Use

Chi- Calculated Observed Chi-Square| Conclusion:  Relation
Square Chi-Square | (a=0.05)ysnp-1=°0bs | between Four- and Six-
Test el Lane Crashes

Total crashes| 465.8891 9.487728 Not Different

4.12 Median Width

The median separates the opposing traffic streammseduces access from the mainline,
and is also used for emergency stopping. The drasd as the median width increases is shown
in Figure 4.12. Although Figure 4.12 does notdjialclear cut decreasing trend, it can generally
be said that as the median width increases, tish cedes decreased.
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Figure 4.12 Comparison of Crash Rates Based on Mexh Width

4.13 Posted Speed Limit

The speed limit used in this comparison ranges ftdrmph to 65 mph. Based on posted
speed limit, crash rates start at a very low |letel speed limit of 15 mph, reaches its peak at 25
mph, declines to 60 mph, and finally increases3mgh (Figure 4.13). For both six-lane and
four-lane sections, crash rates are higher at lostgul speed limits but decrease gradually as
speed limits increase. At higher posted speeddintihe crash rate increases for both four- and
six-lane sections. Table 4.10 shows the results/pbthesis testing for crash, fatality and injury
frequencies. It is revealed that the two distidmg are not significantly different in crash,
fatality, and injury frequencies. The Spearmanealation coefficient is also high meaning there
is high correlation between four-lane and six-lareshes based on posted speed limit.
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Figure 4.13 Comparison of Crash Rates Based on PestSpeed Limit
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Table 4.10  Hypothesis Testing Based on Posted Spdaahit
Test Value Null Hypothesis P-Value Conclusion
Spearman | Rho=0.8636| Crash  FrequenciesProb>|t|= 0.0006 Crash frequencies
are independent six and four lanes arge
not different
Rho=0.8613| Fatal Frequencies aferob>|t|= 0.0007 Fatality frequencies
independent six and four lanes arge
not different
Rho=0.9000| Injury  Frequenciesrob>|t|= 0.0002 Injury frequencies
are independent six and four lanes arge
not different
Chi- Calculated Chi- | Observed Chi-Square| Conclusion: Relation
Square Squarey2. (0=0.05)%24,n-p-1= X20bs | between Four- and
Test Six- Lane Crashes
Total crashes| 7707.255 18.30703 Not Different
Fatalities 119.4777 18.30703 Not Different
Injuries 6974.546 18.30703 Not Different

4.14 Shoulder Width

Figure 4.14 shows the trend of crash rates witpaeisto shoulder width for both four-

lane and six-lane sections.

The graph shows aedserin crash rates as the shoulder width

increases for both four-lane and six-lane sectidrfgere is a rise in the crash rate as the shoulder
exceeds 8 ft on six-lane sections. This effectlmamexplained by noting that when the shoulder
width is too wide some vehicles may use it to alertother vehicles likely causing crashes.
Hypothesis testing resulted inpavalue of 0.9717 which means that the distributiohsrashes

on four-lane and six-lane sections with respecthioulder width were different.

presence of shoulders influences crashes diffgrentl
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Figure 4.14 Comparisons of Crash Rates Based on Shder Width
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Table 4.11  Hypothesis Testing Based on Shoulder Wid

Test Value Null Hypothesis | P-Value Conclusion
Spearmar Rho= Crash FrequenciesProb>|t|= Crash frequencies on six and
0.0072 are independent | 0.9717 four lanes are different

4.15 Summary

The descriptive statistics displayed in this chapteowed that four-lane sections had
more crashes than six-lane sections when comparssan absolute percentages. The results
further show that six-lane sections had highertgrésality, and injury rates when compared to
four-lane sections in numerous geometric and traffictors. However, the Spearman and
Pearson Chi-square tests showed that four-lanesixddne crash frequency distributions were
not significantly different based on numerous roagactors.
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CHAPTER 5 CRASH RATE MODEL DEVELOPMENT

51 Data Collection

Before any analysis effort could begin, extengimeounts of data from different sources
had to be collected and prepared. The analysisregtjithat the roadways be segmented and that
the crash data file be linked to a roadway featdeda file. In the final dataset the researchers
had each crash linked to the segment on whichatimed, all of the crash detail data, roadway
characteristics data, and in some cases signaigidata.

The data came from several sources:

. FDOT crash databases

. Roadway Characteristics Inventory (RCI) file
. FDOT videologs

. Local traffic operations offices

5.1.1 CrashData

Crash data for the State Highway System (SHShdute year 2001 was obtained from
the FDOT crash database. This dataset contaisaalhes, each with an individual identifying
number, and all the information coded on the Floildiotor Vehicle Crash Report form. Each
crash record includes many crash- and vehicle-leaghbles. Examples include first harmful
event for each vehicle, injury severity, alcohalgiuse, etc. Additionally, some roadway data
have been linked to the crash details in the Clasdlysis Reporting System (CARS).

While it contains a wealth of information, the CARISta alone were not adequate to
perform the analyses needed for this project. Mewadway variables suspected as being
significant are not included within this databadeor instance, the CARS does not distinguish
between roadways with six lanes and those with nimma six lanes. Consequently, the crash
data had to be linked to a more comprehensive ragaWaracteristics data file.

5.1.2 Roadway Characteristics Inventory Data

The Roadway Characteristics Inventory (RCI) carganformation on many geometric
and operational variables for state-maintained wags throughout Florida. Examples include
shoulder type, pavement surface width, posted spiedt! horizontal degree of curvature,
pavement condition, etc. The RCI file was obtaifrean Florida DOT and was dated 2004.
More information about the RCI can be found online at
http://www.dot.state.fl.us/planning/statistics/dgfault.htm

To make the data useful, the six-lane roadwayslew®¢o be obtained from the dataset
and segmented. As the RCI has a field identifyirgnumber of lanes the first step was simple.
However, the RCI does not have an overall segmentatather, each item in the RCI is coded
for a begin and end milepost. To create an ovemgmentation for this project, the researchers
identified a set of key variables which they thougtfluenced crash rates (Appendix A). A
spreadsheet was then programmed to determine &t mitegposts any key variable changed.
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Then the researchers created new segmentation basedthese break points. The segments
that were used had a minimum length of 0.05 miléae resulting roadway characteristics file
contained nearly 2000 roadway segments.

5.1.3 FDOT Video Logs

Although the RCI contains a wealth of geometritoimation, some variables which
were thought to be important are not included m RCI. More specifically, the research team
thought that the following non-included variables anportant in understanding crashes along
six-lane roadways:

* Number of driveways on each side, per mile
* Number of median openings per mile

* Presence of left turn bays (1=yes, 0=no)

* Number of signalized intersections per mile

Fortunately, FDOT maintains videologs of state-rtraaimed roadways throughout
Florida. The videologs contain snapshots of rogdwat 0.01-mile intervals and are organized
according to the roadway ID number. Depending @ roadway, the videologs were filmed
from 2001 to 2004.

Each of the segments identified using the RCI degalwas “driven” using the videologs.
The values for these variables were entered irgeparate database and then were merged with
the segmented RClI file.

5.1.4 Local Traffic Operations Offices

Signal timing had to be obtained from operatingrages. Signal timing plans were
obtained from counties and cities and linked to $egmented RCI database. Because of the
time required to obtain this data, this data caibeceffort was limited to FDOT’s District 7.

5.1.5 Linking the Data

The researchers wanted the information in a fortihat would maximize the analysis
types that could be performed on the crash datab&sece each crash record had a roadway
segment associated with it, the crashes were lineitie RCI variables. Consequently, each
crash record contained fields for all the crash|,R@d median and driveway data, and, in some
cases, signal timing information.

The researchers recommended and the FDOT Projacadér concurred that crashes at
signalized intersections that should have beenirditad by the presence of the signal should not
be included in the models for roadway segment amaljfter discussions with the FDOT PM, it
was decided that crashes occurring at signalizedsections would likely be characterized by a
violation of the traffic signal. Thus, crashes ihigh a driver ran a red light were not linked to
the roadway segment file and consequently not unst#te modeling efforts.

The final roadway segment file was quite extensawel allowed the researchers to
determine the number of crashes on each segmemtr@gpect to the crash severity. For this
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project the research team decided to model crdsh far three different levels of crash severity:
(1) severe and fatal, (2) non-incapacitating anssfide injury, and (3) property damage only.
Additionally, the researchers were able to evaltlaepedestrian crashes and bicycle crashes.

This dataset is such that any types of crash doaldvaluated, such as wet weather, run
off the road, alcohol involved, etc. Although mtsdeelating crash types to such variables might
provide valuable insights into the safety of sirdaroadways, it was beyond the scope of this
study to develop crash type models.

5.1.6 Data variable descriptive statistics

Each variable used to segment the dataset (s¢@r58c3.5) and the data collected from
the video logs and traffic ops (Section 5.1.3 &.8)1lwere separately analyzed for potential
correlations with the dependent variables (cragdsrhby severity). Hypotheses were made about
each variable with regard to what transformatiomstyral log, exponential function, inverse
function, etc) would likely explain varying crashteés. Then each reasonable transformation was
individually evaluated to compare its correlationhithe observed crash rates to that of a simple
linear function.

There were also numerous options for quantifyimg variables. For instance, several
different variables were tested to represent tleedp on the roadway: the actual speed limit the
roadway and various dummy variable configuratioepasating speed limits into bins. For
conflicts per mile, we tested driveways per milasignalized intersections per mile, and total
unsignalized conflicts per mile. For any variatiaris/ariables, we also tested transformations of
the variables. Based upon the above testing, mumewariables were removed from
consideration because of their poor correlatiorhlite dependent variables. Table 5.1 gives a
summary of the values of the numerical variables rssearchers focused on in this project’s
model development process.

Table 5.1 Summary of the Measures of Numerical Vaables

CODE Variable Mean | Std. Dev. | Min Max
LENGTH Length 0.26 0.26 0.021] 1.925%
NUACCESS | Number of Access Points 3 4 0 33
ACDENS Access Density 14 13 0 153
AVGDFACT | Directional Split 56.70 | 2.83 51.2§ 65.13
AVGKFACT | K-Factor 9.09 0.81 7 11.18
AVGTFACT | Truck Factor 4.53 2.67 0.96 19.39
HRZDGCRV | Horizontal degree of Curve 0.50 1.33 0 710.
MAXSPEED | Posted Speed Limit 43 5 15 65
MEDWIDTH | Median Width 21 9 2 65
PAVECOND | Pavement Condition 3.7 0.9 0 5
SECTADT AADT 47726 | 15620 14900 9850
SIDEWALK | Sidewalk 4.4 2.4 0 20
SLDWIDTH | Shoulder Width 2.9 2.1 1 12
SURWIDTH | Surface Width 35 2.03 30 44
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| IRI | International Roughness Index | 102 40 | o0 | 2785

To obtain an understanding of the relations amadgpendent variables and between the
dependent variable, a series of correlations talie® reviewed. Based on indications from
these runs, a set of probable independent variatxes identified for each of the crash types.
Numerous hypotheses were tested before closing theset of independent variables. Variable
transformations were applied where it was deemesbled to better represent a relation /
phenomenon. The final models arrived at includetejpendent variables that were found to be
statistically significant at the 8percentile. Further descriptions of how the vdgalwere used
in the final models follows below.

5.2 Crash Rate Models

This study sought to mathematically express tlerggric and operational characteristics
of roadway segments that affect crash rates foerséatal, non-incapacitating/possible injury,
and property damage only crashes. An examinafitimeodata revealed that crash rates were not
normally distributed. Instead, a large percentagbe roadway segments in the database had no
crashes during 2001 and therefore had a crashegat@ to zero. Linear regression models are
applicable only when the dependent variable (crat#s) is normally distributed. Both Poisson
and negative binomial models are potentially slitdbr modeling this type of data, in which
many observations have values of zero for the dég@rnvariable. The researchers tested for the
presence of a dual state and found zero-inflatedefsao be the most appropriate. Therefore,
both zero-inflated negative binomial models and#geflated Poisson models were considered.
Because there is significant overdispersion indhta set (i.e., the variance was significantly
greater than the mean), a Poisson model was netdsyed to be appropriate. The zero-inflated
negative binomial model was selected as the apiatepnodel form.

The researchers were concerned that the shothlefignany segments could have led to
a false conclusion that the =zero-inflated negativmomial model was appropriate.
Consequently, the researchers also checked td segment length had an influence in the large
percentage of segments with zero crashes. Models tested on segments with lengths >0.5
miles, >0.3 miles, and >0.05 miles and the resudigfied that the zero-inflated negative
binomial model provided the best fit.

Additional testing was performed on this reducedadet. Pearson correlations were
computed for the variables (Appendix B). Basedhmnresults, the following 11 variables were
considered for inclusion in the crash rate models:

1. Access management classification (AcMnCl)
2. D factor (Dfac)

3. K factor (Kfac)

4. Horizontal degree of curvature (HCurDeg)

5. Median width (MedWid)

6. Pavement condition (Pavcon)

7. Outside shoulder width (SIdWidth)

8. Inside shoulder width (IsldWidt)

9. Surface width (SurWidth)

10. Driveways per mile (TotdriPM)
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11.Signals per mile (SigPM)

The researchers undertook an iterative modelilnggss, in which they tested each of
these 11 variables independently, various comlmnatof these variables, and transformations of
these variables. Seven of the variables provdmktsignificant in one or more of the final crash
rate models:

Horizontal degree of curvature (HCurDeg)
Median width (MedWid)

Outside shoulder width (SIdWidth)

Inside shoulder width (IsldWidt)

Surface width (SurWidth)

Driveways per mile (TotdriPM)

Signals per mile (SigPM)

NoakwnNpE

Briefly the descriptive statistics for these valgbfollows in Table 5.2. Detailed distribution
information is provided in Appendix E.

Table 5.2 Descriptive Statistics for Model Variabs

Descriptive Statistics

N Minimum | Maximum Mean Std. Deviation
HCurDeg 1975 .00 10.70 4745 1.21568
MedWid 1975 2.00 800.00 23.9023 27.22210
SldWidth 1975 1.00 12.00 3.1625 2.07781
IsldWidth 1975 .00 8.00 3.5635 2.92353
SurWidth 1975 24.00 48.00 35.0754 1.80534
totdripm 1975 .00 600.00 30.1255 38.89644
sigpm 1975 .00 51.28 4.3636 5.89369
Valid N (listwise) 1975

Sections 5.2.1 through 5.2.3 describe the finaklcraate models in detail. Initially, the
researchers tried to develop one model that pedato all crashes, but the resulting model
suggested that a series of three models — oneafir kevel of crash severity — would be more
appropriate. For example, horizontal degree oWvature increased the rate of severe/fatal
crashes but decreased the rates of non-incapagfatissible injury and property damage only
crashes. Hence, separate models for each lewehst severity were fitted. In each model, the
dependent variable was crash rate, expressed a&hesrgper 100 million vehicle miles
(crashes/100 MVMT).

With regard to posted speed limits, the Pearsorelations revealed that most of the
independent variables were highly correlated whik posted speed limit. The researchers
concluded that the posted speed limit was not #oeincing factor in predicting crash rates.
Rather, the speed limit was a reflection of thaigalof the other variables.
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The crash rate for a segment was considered tanbmuther if it was more than two
standard deviations higher than the mean crash rBite identification of outliers was carried
out separately for severe/fatal, non-incapacitgbogsible injury, and property damage only
crashes. Prior to model development, segments avithers were removed from the dataset.
This was done separately for each level of craskridg. For example, a segment was deleted
from the dataset used to create the severe/fatdehifoits severe/fatal crash rate was an outlier.
However, that segment was kept in the dataset taseckate the property damage only model if
its property damage only crash rate wasarobutlier. In other words, the datasets useuidate
the three models were not identical, as differeghsents were deleted from each.

There are certainly many other (unobserved) vagmfr which a strong correlation cannot be
shown that influence the crash rates. These indudk things as the condition or awareness of
the driver, weather conditions, and temporary raadiazards. These non-modeled variables are
without doubt significant contributors to the craaktes. Driver related factors are typically
considered be the most important contributor tgloea (in some cases given credit for causing
up to 80 %of crashes), however, that informatiamod be determined through existing
databases or field measurements and is therefofesanved by the modeling process. This
presents a major challenge for producing models tiggh correlations of fit with the source

data based upon the physical characteristics afoé@way. The lack of fit of proposed models,
however, should not be used to dismiss the modskfulness. While predicting an actual crash
rate cannot be done with great accuracy, the @tioek of the independent variables to the crash
rates do provide valuable insight into the roadwlagracteristics that influence crash rates.

5.21 Severeand Fatal Crashes

The model for severe and fatal crashes was deselbpsed on 1,545 segments. It is as
follows:
Severe and Fatal Crash Rate = 3.9026 + 0.0308 HE@ERB 0.286 SIGPM - 0.0216
ISLDWIDT - 0.0156 SLDWIDTH - 0.0017 MEDWID

As shown in Table 5.3, these variables were foanbet statistically significant: (1) Signals
per mile (SIGPM), and (2) Inside shoulder widthLTAVIDT), in feet. This model includes
three additional variables that are not statidifcsipnificant: (3) Horizontal degree of curvature
(HCURDEG), in degrees, (4) Outside shoulder widshWIDTH), in feet, and (5) Median
width (MEDWIDTH), in feet. Histograms and frequendistribution tables of these and other
variables are in Appendix C.

Table 5.3 Severe and Fatal Crashes — Model Coeffcits and Statistics

Variable Coefficient Standard  b/St.Er. P[Z]>z Mean of X
Error

Constant 3.90259462  .07922201 49.261 .0000

HCURDEG .03082006  .02606036 1.183 .2370 368285

SIGPM .02859905  .00535165 5.344 .0000 4.35435

ISLDWIDT  -.02161111 .00796378 -2.714 .0067 35m29

SLDWIDTH -.01558822 .01328139 -1.174 .2405 396117

MEDWID -.00170746  .00289369 -.590 .5551 23.5388

Alpha 37816326  .03671053 10.301 .0000
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Tau 03664763  .01233541 2.971 .0030
Alpha is the dispersion parameter and tau is anpetex for the zero inflation model.
As can be seen from the above table the model thaws strong correlations with the crash
rates. Figure 5.1 shows the observed and predicésth rates for the fatal / severe injury model.
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Figure 5.1  Predicted vs. Observed Crash Rates — RdtSevere
5.2.2 Non-incapacitating and Possible Injury Crashes

The model for non-incapacitating and possiblerinjarashes was developed based on
1,558 segments. It is as follows:
Non-incapacitating and Possible Injury Crash Ratb.6665 — 0.0447 HCURDEG + 0.0016
TOTDRIPM + 0.0509 SIGPM — 0.0245 ISLDWIDT — 0.0484DWIDTH

As shown in Table 5.4, these variables were foonkt significant: (1) Horizontal degree of
curvature (HCURDEG), in degrees, (2) Total drivesvaer mile (TOTDRIPM), (3) Signals per
mile (SIGPM), (4) Inside shoulder width (ISLDWIDTand (5) Shoulder width (SLDWIDTH).
The histograms and frequency distribution tablethe$e and other variables are in Appendix D.

As mentioned in Section 3.1, we randomly select®db68of the data for model
development and used 20% of the data for modetiatdin. As can be seen in Table 5.3 the
model terms have strong correlations with the crases. Figure 5.2 shows the observed and
predicted crash rates for the non-incapacitatipgssible injury model.
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Table 5.4 Non-incapacitating and Possible Injury @shes — Model Coefficients and
Statistics

Variable Coefficient Standard  b/St.Er. P[Z]>z Mean of X
Error

Constant 5.06651355 .04727706 107.166 .0000

HCURDEG -.04474767 .01802106 -2.483 .0130 48989089
TOTDRIPM .00163933  .00054235 3.023 .0025 287856
SIGPM .05090045  .00335587 15.168 .0000 4.9858
ISLDWIDT  -.02450391 .00665571 -3.682 .0002 63607189
SLDWIDTH -.04838232 .00783622 -6.174 .0000 17329910
Alpha 52978498  .01919589 27.599 .0000

Tau -.15341166 .00801502 -19.141 .0000

Alpha is the dispersion parameter and tau is anpetex for the zero inflation model.
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Figure 5.2  Predicted vs. Observed Crash Rates — Namcapacitating/Possible Injury
5.2.3 Property Damage Only Crashes

The model for property damage only crashes wasldped based on 1,506 segments. It
is as follows:
Property Damage Only Crash Rate = 7.4675 + 0.00Q7TDRIPM — 0.0521 HCURDEG +
0.0492 SIGPM - 0.0196 ISLDWIDT - 0.0234 SLDWIDTH (00063 MEDWID — 0.0682
SURWIDTH

a7



As shown in Table 5.5, these variables were fooroktsignificant: (1) Total driveways per mile
(TOTDRIPM), (2) Horizontal degree of curvature (HRDEG), in degrees, (3) Signals per mile
(SIGPM), (4) Inside shoulder width (ISLDWIDT), ieét, (5) Shoulder width (SLDWIDTH), in
feet, (6) Median width (MEDWIDTH), in feet, and (Burface width (SURWIDTH), in feet.
The histograms and frequency distribution tablethe$e and other variables are in Appendix E.

Table 5.5 Property Damage Only Crashes — Model Cliients and Statistics

Variable Coefficient Standard  b/St.Er. P[Z]>z Mean of X
Error

Constant 7.46746992  .49098425 15.209 .0000

TOTDRIPM .00166889  .00076008 2.196 .0281 282985
HCURDEG  -.05211821 .01792429 - 2.908 .0036 0313413
SIGPM .04924155  .00500854 9.832 .0000 4.0790
ISLDWIDT  -.01963261 .00772817 - 2.540 .0111 9BBA555
SLDWIDTH -.02338018 .00869786 - 2.688 .0072 0335126
MEDWID -.00630954 .00187049 -3.373 .0007 23. 7058
SURWIDTH -.06820171 .01394311 -4.891 .0000 36aA%4
Alpha .64758585  .02723195 23.780 .0000

Tau -.11493519 .00812804 -14.141 .0000

Alpha is the dispersion parameter and tau is anpetex for the zero inflation model.

As can be seen from the above table the model thawe strong correlations with the crash
rates. Figure 5.3 shows the observed and predicssth rates for the PDO model.
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5.2.4 Bicycle and Pedestrian Crashes

The researchers attempted to create models faspéth crashes and bicyclist crashes.
While models could have been developed, the fornthose models is inconsistent with
reasonable explanations. Because there is no neeasaxposure for pedestrians and bicyclists,
the models appear to be predicting where walking) lainycling are occurring rather than the
relative risks associated with the roadways.

525 Summary

Separate models were developed for (1) severdaaldcrashes, (2) non-incapacitating
and possible injury crashes, and (3) property danwady crashes. Table 5.7 lists the variables
in each model. Two variables, signals per mileGfE&W) and inside shoulder width
(ISLDWIDT), are present in all three models. Ihthtee models, an increase in the number of
signals per mile increased the crash rate. Areas® in the inside shoulder width reduced the
crash rate. Horizontal degree of curvature (HCURIDHs present in both the non-
incapacitating/possible injury and property damagly models; an increase in horizontal degree
of curvature reduced the crash rate. Total driy@mper mile is present in both the non-
incapacitating/possible injury and property damagéy models; an increase in the number of
driveways per mile increased the crash rate. @aitshoulder width (SLDWIDTH) is present in
these two models as well; an increase in the caitslbulder width reduced the crash rate.
Median width (MEDWID) and surface width (SURWIDTH}e present in the property damage
only model; increases in the median width or thefase width decreased the crash rate.
Explanations for these findings are as follows:

* Horizontal degree of curvature (HCURDEG) — Motaristay be more alert while driving
on roads with curves than on completely straightiso

» Signalized intersections (SIGPM) — Closely-spacaghadized intersections not only
create more conflict points between streams of sipgotraffic, but also affect traffic
operations upstream and downstream, as motoriatggehanes or slow down for queues.
These behaviors potentially lead to conflicts.

* Inside shoulder width (ISLDWIDT) — A wider insidén@ulder gives errant motorists
room to recover and reduces the likelihood thay tél cross the median and collide
with oncoming traffic in the opposite direction.

» Total driveways per mile (TOTDRIPM) — Closely-spdalriveways create more conflict
points between traffic on the roadway and trafirteeing or leaving driveways. They
also affect traffic operations upstream and doveasitr, as motorists change lanes or slow
down for motorists turning into or out of driveway$hese behaviors potentially lead to
conflicts.

* Qutside shoulder width (SLDWIDTH) — A wider outsidlkoulder gives errant motorists
room to recover and reduces the likelihood thay tiél collide with a fixed object
alongside the roadway.

* Median width (MEDWIDTH) — A wider median gives entamotorists room to recover
and reduces the likelihood that they will cross thedian and collide with oncoming
traffic in the opposite direction.

» Surface width (SURWIDTH) — As lane width increasemtorists have more room to
travel and are less likely to encounter one another
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Table 5.7 Comparison of Crash Models

Variable Severe/Fatal Non-IncapacitatingHroperty Damage
Possible Injury Only

HCURDEG +(n.s.) e -

SIGPM + + +

ISLDWIDT - - -

TOTDRIPM NAP + +

SLDWIDTH -(n.s.) - -

MEDWID -(n.s.) NA -

SURWIDTH NA NA -

& A plus sign (+) indicates that, as the value df thariable increases, the crash rate also
increases. A minus sign (-) indicates that, asvédae of the variable increases, the crash rate
decreases. “n.s.” indicates that the variableoisstatistically significant but is included in the
model. A blank indicates that the variable isinctuded in the model.

® NA = Not applicable — this variable is not in thimdel.

5.3 Implications for FDOT

The models show that crash rates are affected bgriety of variables (Tables 5.1
through 5.5). As described below, these variabdesbe controlled by FDOT:

5.3.1 Horizontal Degree of Curvature

The model results indicate that increasing thezbatal degree of curvature reduces the
rates of non-incapacitating and property damagg ordshes. The researchers believe this is
attributable to a higher level of driver awareneg®n driving on curves. Sensitivity analyses
for horizontal degree of curvature are shown inureg C-5 (severe/fatal crashes), D-5 (non-
incapacitating/possible injury crashes), and ED@Rcrashes). Figure E-1 shows, for example,
that increasing the degree of curvature frdho2f would reduce the PDO crash rate from about
138 to about 123 per MVMT.

For freeways, the American Association of Statghidiay and Transportation Officials
(AASHTO) recommends a proper combination of flatvature, shorter tangents, gentle grades,
variable median widths, and separate roadway etsmsmto enhance the safety and aesthetic
aspects of freeways. This might hold true in thsecof six-lane highways in Florida. The
FDOT Plans Preparation Manual recommends a maxihmnontal degree of curvature of°10
15' for a rural environment and 85' for an urban environment on a 45 mph roadway.

As shown below there is a negative correlationr@asing curvature correlated with
decreasing crash rates) for horizontal curvaturer&sh rates for PDO and non-incapacitating
injury crashes (Figures 5.4 and 5.5). With respediatal injury crash rates, there is no well
defined correlation (Figure 5.6). However, the etation that is suggested is that when the
horizontal degree of curvature is increased thapacitating and fatal injury crash rate increases.
Given the statistically significant correlationsin€reasing horizontal curvature with decreasing
PDO and non-incapacitating injury crashes, thearesers believe that this potential undesirable
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correlation is the result of the increasing difftguto recover from a run off the road crash that
occurs on a curved section versus on a tangenbsect
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Figure 5.4  PDO Crash Rates v. Degree of Horizont&urvature

Essentially, if vehicle leaves the roadway on thtsiole of a curve, the vehicle’s angle of
departure from the roadway is increased with irgirgadegree of curvature. This would result
in decreased time to cross the available clear.zblndorists may also experience difficulties
recovering on the inside of a curve because of cwvenpensating but this was seen as a less
likely scenario.
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Figure 5.5  Non-incapacitating Injury Crash Rates v Degree of Horizontal Curvature
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Because of the potential for increasing crashesthadheoretical rational for the increasing
degree of curve, increasing incapacitating and fajary correlation, the researchers decided to
retain this term in this model.
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Figure 5.6  Incapacitating and Fatal Injury Crash Rates v. Degree of Horizontal
Curvature

5.3.2 Median Width

The median separates opposing directions of theelied way. Median width is defined
as the distance between the edges of the roadwescim direction plus the widths of any inside
shoulders. AASHTO recommends that where possibéglians be wide enough so that there is
no median barrier needed. Table 2.2.1 of the FIP@hs Preparation Manual requires a median
width of at least 40 feet on arterial roadways wi#isign speeds in excess of 45 mph, and at least
22 feet on arterial roads with design speeds ahph or less. The minimums may be reduced to
either 15.5 ft or 19.5 ft, depending on design dpea reconstruction projects with severe right-
of-way constraints.

The models indicate that increasing the mediarthmdduces crash rates. Sensitivity
analyses for severe/fatal crashes (Figure C-3¥@nBDO crashes (Figure E-4) are shown in the
Appendices. Figure E-4 shows, for example, thateiasing the median width from 20 ft to 40 ft
would reduce the PDO crash rate from just over tb58bout 135 crashes per 100 MVMT. The
results support FDOT's median width policy. Theeaechers strongly endorse FDOT's efforts
to implement the median width requirements on alvrmoadways. Moreover, where right-of-
way is available, deficient median widths should Wwelened during projects on existing
roadways.

5.3.3 Shoulder Width and Inside Shoulder Width

Wider shoulder widths reduce crash rates and hemceider shoulder width is
recommended to reduce crash rates on six-lane highww Florida. AASHTO recommends a
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minimum shoulder width of 8 ft for divided six-lameral arterials and 10 ft for urban arterials.
AASHTO also recommends 10-ft shoulders for heatrdyeled roadways. Table 2.3.2 of the
FDOT Plans Preparation Manual requires outside ldeowvidths of 8, 10, or 12 ft, depending
on low, normal, or high volume, for divided six-&arterials .

Sensitivity analyses for shoulder width are shawifrigures C-1 (severe/fatal crashes),
D-2 (non-incapacitating/possible injury crashes)d eéE-5 (PDO). Figure D-2 shows, for
example, that increasing shoulder width from 2 & 4 ft would reduce the non-
incapacitating/possible injury crash rate from abb®5 to 150 per 100 MVMT. Figures C-4
(severel/fatal crashes), D-4 (non-incapacitatingiibs injury crashes), and E-5 (PDO crashes)
depict the sensitivity analyses for inside shouldigith.

The results support FDOT's shoulder width policyhe researchers strongly endorse
FDOT's efforts to implement the shoulder width riegments on all new roadways. Moreover,
where right-of-way is available, deficient shouldeidths should be widened during new
roadway construction projects, and on reconstraogésurfacing projects.

5.3.4 Surface Width

An increased surface width was found to reducestcraates. The Roadway
Characteristics Inventory defines surface widthhastotal width of all through lanes in a single
direction. That is, surface width depends on kb number of through lanes and the lane
widths. The Plans Preparation Manual states beastandard practice is to provide lane widths
as wide as practical, up to 12 ft (Section 2.1.The results of the present research support
FDOT's current practice (versus narrower lane vgidths wider lane widths mean wider surface
widths, which would reduce crash rates and hersdtran safer driving conditions.

5.3.5 Sgnalsper Mile and Driveways per Mile

The number of signals per mile ranged from 0 to Bhis value was measured on a per-
segment basis and is not indicative of the entidway length. For example, suppose that
Segment #1 is 300 feet and Segment #2 is 600 fH#ebhoth segments have one signal, the
number of signals per mile on Segment #1 will beéwthe number on Segment #2, because
Segment #1 is half the length. However, the reath@uld not conclude that the roadway
containing Segment #1 has more closely-spacedIsigiang its entire length than the roadway
containing Segment #2.

The number of driveways per mile referred to thialtin both directions of travel and
ranged from O to 600. Again, this value was meawn a per-segment basis and is not
indicative of the entire roadway length. For exénpuppose that Segment #1 is 300 feet and
Segment #2 is 600 feet. If both segments haveddueway, the number of driveways per mile
on Segment #1 will be twice the number on Segm2nbé&cause Segment #1 is half the length.
However, the reader should not conclude that tlelway containing Segment #1 has more
closely-spaced driveways along its entire lengémtthe roadway containing Segment #2.
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Roughly 80 percent of the roadway segments indude this study had Access
Management Class 3 or 5. FDOT's State Highway ssd¢anagement Classification System
and Standards provide for minimum driveway spacihg40 feet (Class 3) and 245 feet (Class
5), when the posted speed limit is 45 mph or l&3a. higher-speed roads, the spacings increase
to 660 feet and 440 feet, respectively. On Classa8ways, the minimum signal spacing is 0.5
mile. On Class 5 roadways, the minimum signal sais 0.25 mile (posted speed limit 45 mph
or less) and 0.5 mile (higher speed limits). Ttamdards are contained within Section 1.8 of the
Plans Preparation Manual (the entire rule is abkela online at
http://www.dot.state.fl.us/planning/systems/sm/aanfpdfs/1497.pJf

Sensitivity analyses for driveways per mile areoveh in Figures D-1 (non-
incapacitating/possible injury crashes) and E-2@Ridashes). Figure C-1 shows, for example,
that reducing the number of driveways per mile frédnto 20 would reduce the PDO crash rate
from about 151 to 146 per 100 MVMT. Figures D-8r{fincapacitating/possible injury crashes)
and E-3 (PDO) depict the sensitivity analyses ipnalized intersections per mile.

The results support FDOT's access managemenigmlidhe researchers acknowledge
that FDOT must balance safety with the access nefegssidents and businesses. Nevertheless,
we strongly endorse FDOT's efforts to enforce dtseas management policies when considering
applications for new driveway connections and diged intersections.

5.4  Concluding Remarks

The results of this research strongly support FBGsTandards, as stated in the Plans
Preparation Manual and the State Highway Accessagiament Classification System and
Standards. The information obtained by this regeavill help designers make decisions on
what roadway treatments may be appropriate andrumdat conditions. Although FDOT has
comprehensive design and operational standardse tendards provide some flexibility to
individual designers / engineers. In some cas$es,flexibility is required to address right-of-
way or environmental constraints. At other timtbg flexibility allows for the accommodation
of local community preferences. Additionally, \ars designers / engineers may apply the
standards differently from each other. Howeveg, rissearchers strongly recommend that FDOT
weigh the advantages of granting exceptions tosthadards against the potential for reduced
safety. By implementing the results of this reseaFDOT will be able to continue to provide
for the roadway capacity needs of Florida while mteining or improving the safety of its
roadways.
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CHAPTER 6 IMPLEMENTATION

6.1 Awareness Presentation

The Florida Department of Transportation has dentlroadway design standards and
operations standards. The values for the crirdained within the standards provide for safe
roadways. However, there are situations where,aumx of constraints, the design or
recommended values cannot be attained. The résgarenderstand that this is unavoidable; in
some cases the designer must consider variancés axdeptions to the design standards.

The researchers feel that awareness presentationake engineers aware of the results
of this study would serve to inform them of theedafimpacts of specific design scenarios.
Consequently, we recommend awareness presentafians models — how and why they were
developed, what the results mean, and how theybeaapplied. Additionally, the findings of
this research could be incorporated into future®Rreparation Manual (PPM) update trainings
and Access Management training. An annotated HRouer presentation is included in
Appendix G.

6.2 Project Information Sheet

It is important to realize that the models develbm this research are not intended to be
used in “what-if” analyses (such as “What if we hadl4-foot lane, instead of the 12 feet
required by the PPM?”). Rather, the models carstadge engineer in a comparative analysis of
roadway safety in accordance with standards vsgued type of analysis. This analysis would
analyze the safety impacts of designs implementiéld @ne or more exceptions granted. The
reader is advised that the removal or flatteningaafurve is a singular design decision and
should be analyzed as such. That is, the remd\edah curve should be reviewed separately.

An example of how this analysis could be impleradns through a Project Information
Sheet (Appendix F, also available as a MicrosoftdExspreadsheet). Such a calculation sheet
could be incorporated into the PPM to address #wuirements of Chapter 23 (Section
23.2.2.4). The top portion of the sheet contanesfollowing information:

- Project Description - This is a brief descriptiamcls as “Add one travel lane in each
direction” or “Construct paved shoulder.”

- Financial Project ID

« County Section Number

- State Road Number

« Federal Aid Number

- Begin Project MP

« End Project MP

- Date

« Completed by

« Length of Section (miles)

+ Life of Project (years)

« ADT
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« Year — This is the year for which the ADT is apabte.

« Annual Growth Rate (percent)

. Vehicle Miles, £ Year — This cell contains a formula and a valué0dfinitially appears
in this cell as a “placeholder.” Once Life of Rrc and ADT are entered, the calculated
Vehicle Miles, £ Year appears in this cell.

For the following, both the standard values (fribi|a PPM) and the proposed values (may

be PPM values or may be exception values) shoukhtered into the appropriate cells:

« Horizontal Degree of Curvature (degrees)

- Signals per Mile

+ Inside Shoulder Width (feet)

« Median Width (feet)

« Outside Shoulder Width (feet)

- Total Driveways per Mile

« Surface Width (feet)

The spreadsheet calculates the following:

- Projected Crash Rate (per 100 million vehicle mite§hese are calculated for (1) fatal
and severe crashes, (2) non-incapacitating andibp@ssjury crashes, and (3) PDO
crashes, using the respective models and eithestémelard or the proposed values. As
these cells contain formulas, initially various wed appear as “placeholders.” Once
Horizontal Degree of Curvature, Signals per Mile, ehave been entered, the projected
crash rates will appear in these cells.

- Projected Number of Crashes — These are annual ergnalb crashes for each level of
crash severity and for standard vs. proposed. vbhene used to calculate the projected
number of crashes is an average volume over theofifthe project. Initially, various
values appear as “placeholders.”

- Projected Number of Crashes over Lifetime of ProjedThese are the projected total
number of crashes for each level of crash sevant/for standard vs. proposed. Again,
the volume used for this calculation is the averagleme over the life of the project.
Initially, various values appear as “placeholders.”

- Difference — A positive difference indicates thamnstructing the roadway using the
proposed values for Horizontal Degree of Curvat8ignals per Mile, etc., would result
in more crashes for that level of crash severipmpared to using the standard values
from the PPM. That is, the exceptions would worsafety. A negative difference
indicates that constructing the roadway using ttep@sed values would result in fewer
crashes, compared to using the standard values th@mPPM. In that case, the
exceptions would improvsafety. Initially, zeroes appear as “placeholders

« Cost per Crash — These are the average costsgstr for each level of crash severity.

- Projected Crash Costs over Lifetime of Project -eSEhare the projected total costs for
crashes with each level of severity, over theilfet of the project, and for standard vs.
proposed. The inflation rate is assumed to be.zefaitially, zeroes appear as
“placeholders.”

« Savings — A positive savings indicates that comwsitng the roadway using the exceptions
would reduce crash costs (because of fewer crashesjegative savings indicates that

56



constructing the roadway using the exceptions waniddease crash costs (because of
more crashes). Initially, zeroes appear as “plalcis.”

By completing the Project Information Sheet, tihngieeer can easily see the safety and
cost effects of applying the standards versus mrgueixceptions to standards.
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APPENDIX A LIST AND DEFINITIONS OF VARIABLES USED | N
SEGMENTATION

This Appendix includes the variable names and gppate codes for each variable. A complete
description of most variables is include in the REEld Handbook (available online at

http://www.dot.state.fl.us/planning/statistics/Ri@@ldhandbook/fulldoc121505.pdf).  Non-RCI

variables have more complete definitions and soaréables that were not considered in this
project were removed from the list.

Variable Description Data Type Code Detall
Name

ACMANCLS  Access Management Character This code is used for all
Classified Code driveway permitting and
design in all major capacity

improvements

Not
Applicable

Freeway
Access
Class 02

Access
Class 03

Access
Class 04

Access
Class 05

Access
Class 06

Access
Class 07

Corridor
Access
Plan

AVGDFACT Roadway Section Numeric * AVGDFACT  Characteristic
Average "D" Factor (Version00) shows the percentage of
30th highest hourly volume
in the predominant direction.
It is a percentage of

SECTADT.

Roadway Section Decimal

Average "D" Factor (Version01)

Number

AVGKFACT Roadway Section Numeric * AVGKFACT  Characteristic

Average "K" Factor (Version00) shows the percentage of the
AADT that occurs during the
30th highest volume hour of
the year. It is a percentage
of SECTADT.

Roadway Section Decimal

Average "K" Factor (Version01)

Number
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AVGTFACT

HRZDGCRV

DIVUNDIV

ISLDTYPE

ISLDWDTH

MAXSPEED

MEDWIDTH
PAVECOND

RDMEDIAN

Roadway Section
Average "K" Factor

Roadway Section
Average "K" Factor
Number

Horizontal Degree of
Curve

Divided Undivided

Raised Median
Inside Shoulder Type

Inside Shoulder Width

Inside Shoulder Width
Number

Maximum Posted

Speed Limit

Highway Median Width
Pavement Condition
Pavement Condition
Number

Roadway Median Type

Numeric
(Version00)

Decimal
(Version01)

Character
Character

Character

Numeric
(Version00)

Decimal
(Version01)

Numeric
(Version00)

Character
(Version01)

Character
Numeric

Decimal

Character
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00000000
00000001
00000002
00000003
00000004
00000005
00000006
00000007
00000008

00000001
00000002
00000003
00000004
00000005
00000006

AVGTFACT  Characteristic
shows the percentage of the
AADT that consists of trucks.
Here "trucks" means vehicles
in Classifications 4 through
13 of FHWA's Scheme F.
This includes buses and
trucks larger than pickups. It
does not include
motorcycles, passenger cars,
pickups , or SUVs. 1t is a
percentage of SECTADT.

Raised Curb

Paved

Paved Warn

Lawn

Gravel/Marl

Dirt

Curb&Gutter

Other

Curb with Resfacing
Occurs only when a median
is present

Painted

Median Curb< 6 inches
Curb > 6 inches
Guardrail

Fence

Barrier wall>1.5 ft



00000007 1 way pr.(c.blk)
00000008 Grassed
00000009  Gravel/Marl
00000010 Paved
00000011 Depressed Curb
00000012 Painted and Guardrail
00000013 Painted with barrier
00000014 Curb < 6 in & Guardrail
00000015 Curb<6in & Fence
00000016 Curb < 6 in & Barrier
00000017 Curb<6in & Lawn
00000018 Curb > 6 in & Guardrail
00000019 Curb>6in & Fence
00000020 Other
00000021 Curb > 6 in & Barrier
00000022 Curb>6in & Lawn
00000023 Lawn & Guardrail
00000024  Grassed with fence
00000025 Lawn & Barrier
00000026 Lawn, Barrier & Curb < 6
inches
00000027 Lawn, Barrier & Curb > 6
inches
00000028 Canal, Ditch Etc.
00000029 Com 02,03 & 28
00000030 Com 02,03,05,28
00000031 Lawn w/dbl Guardrail

SECTADT Sectional Average Numeric
Annual Daily Traffic (Version00)
Character
(Version01)

SHLDTYPE Highway Shoulder Character

Type
00000000 Raised Curb
00000001 Paved
00000002 Paved Warn
00000003 Lawn
00000004  Gravel/Marl
00000005 Valley Gutr
00000006 Curb & Gutter
00000007  Other
00000008  Curb with Resurfacing
SIDEWALK Sidewalk Width Numeric
(Version00)
Sidewalk Width Decimal
Number (Version01)
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SLDWIDTH

SURWIDTH

URSUBRUR

STROADNO
TYPEPARK

Highway Shoulder
Width
Highway Shoulder

Width Number

Thru Pavement
Surface Width

Urban, Suburban,
Rural

State Road Number
Type of Roadway
Parking

BEGSECPT Begin Section Milepoint

ENDSECPT End Section Milepoint

RDWYID

Numeric

(Version00)

Decimal

(Version01)

Character

Character

Character

Character
00000000
00000001
00000002
00000003
00000004
00000005
00000006
00000007
00000008
00000009

Numeric Non RCI
Variable

Numeric Non RCI
Variable

Specific ID Number for Segment

Highway Type

No Parking

Curb Both

Angle Both

Curb One-sided

Angle Oneside

Curb Oneside Angle Oneside
None- Curbside
Curb-curbside
Angle-Curbside

* These values are entered as a percent of theADfR for the roadway segment.
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APPENDIX B PEARSON CORRELATIONS
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Pearson Correlations — Severe and Fatal Crashes

Crpl0vmr AcMacCl Dfac Kfac Tfac HCurDeg IsInWidth MedWid PavCon SldWidth SurWidth TotdriPM SigPM
Crpl0Ovmr Pearson _ _ * _ _ ok _ _ _ _ *ox _ ok ok
(Severe and Fatal | Correlation 1 .043 .026 .049(%) .040 .081(**) .041 .042 .013 .076(**) .072(**) .015 .092(**)
Crash Rate) Sig. (2-tailed) .062 .248 .032 .081 .000 .075 .063 .578 .001 .002 516 .000
N 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925
ACMaCI Pearson Kk - Kk - Kk - * - * - - Kk - Kk Kk Kk
(Access Correlation .043 1 .191(*%) .091(**) .008 .061(**) .046(*) .048(*) .032 .203(**) 257(*%) .187(*%) 075(*%)
'\C/'I""”a%.em‘?”t Sig. (2-tailed) .062 .000 .000 742 .008 .044 .036 .160 .000 .000 .000 .001
t
assification) N 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925
Dfac Pearson Kk Kk - Kk - - Kk - * - Kk * - -
(D Factor) Correlation -.026 .191(%%) 1 .297(*%) .188(**) .018 178(*%) .006 .049(*) .107(+%) .047(*) .018 .006
Sig. (2-tailed) .248 .000 .000 .000 424 .000 .784 .030 .000 .038 427 .783
N 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925
Kfac Pearson * ok - ok Xk _ Xk % ok *k *k _ _ *k
(K Factor) Correlation -.049(%) -.091(**) .297(*%) 1 11204 .081(**) 241 (*%) .053(*) 1250+ .129(*%) .260(**) .040 .123(%%)
Sig. (2-tailed) .032 .000 .000 .000 .000 .000 .019 .000 .000 .000 .076 .000
N 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925
Tfac Pearson Kk Kk - - Kk Kk Kk * - - Kk
(T Factor) Correlation -.040 .008 -.188(**) 11204 1 .032 .189(**) .035 .081(**) 1340+ .054(*) .030 .089(**)
Sig. (2-tailed) .081 742 .000 .000 .156 .000 127 .000 .000 .017 .190 .000
N 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925
HCurDeg Pearson x B o B o B o o B "
(Horizontal Degree | Correlation -.081(**) .061(**) .018 .081(**) .032 1 .006 .069(**) .079(**) .010 .033 .002 .054(*)
of Curvature) Sig. (2-tailed) .000 .008 424 .000 .156 776 .003 .001 .646 152 .947 .018
N 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925
IsInWidth Pearson " x ) x ) x ) ) ) x ) ) )
(nside  Shoulder | Correlation -.041 -.046(%) -.178(**) 241 (*%) .189(**) .006 1 .032 .025 .080(**) .035 .036 .033
Width) Sig. (2-tailed) .075 .044 .000 .000 .000 776 .165 .278 .000 124 11 .145
N 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925
MedWid Pearson " " x ) x x ) x ) "
(Median Width) Correlation -.042 -.048(%) .006 .053(*) .035 .069(**) .032 1 .104(*%) .186(**) .022 076(**) .052(*)
Sig. (2-tailed) .063 .036 .784 .019 127 .003 .165 .000 .000 .345 .001 022
N 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925
PavCon Pearson * Kk Kk Kk - Kk Kk Kk - * - Kk
(Pavement Correlation -.013 -.032 -.049(%) 125(+%) .081(**) .079(**) .025 .104(*%) 1 154(*%) 1270+ .047(*) 11104
Condition) Sig. (2-tailed) 578 .160 .030 .000 .000 .001 .278 .000 .000 .000 .039 .000
N 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925
SIdWIdth Pearson Kk - Kk - Kk Kk Kk - Kk Kk Kk Kk - Kk - Kk
(Shoulder Width) | Correlation -.076(**) .203(**) .107(+%) .129(*%) .134(+%) .010 .080(**) .186(**) 154(%%) 1 212(*%) A57(+%) .097(**)
Sig. (2-tailed) .001 .000 .000 .000 .000 .646 .000 .000 .000 .000 .000 .000
N 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925
SUrWIdth Pearson Kk - Kk * KK * - Kk Kk - Kk - Kk
(Surface Width) Correlation -.072(**) 257(*%) .047(*) .260(**) .054(*) .033 .035 .022 1270+ 212(%%) 1 .084(**) .066(**)
Sig. (2-tailed) .002 .000 .038 .000 .017 152 124 .345 .000 .000 .000 .004
N 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925
TotdriPM Pearson x ) ) ) ) ) x ) " ) x ) x x
(Total  Driveways | Correlation .015 .187(+%) .018 .040 .030 .002 .036 076(**) .047(*) A57(+%) .084(**) 1 .285(*%)
per Mile) Sig. (2-tailed) 516 .000 427 .076 .190 .947 11 .001 .039 .000 .000 .000
N 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925
SIgPM Pearson Kk Kk - - Kk - Kk - * - - * - Kk - Kk - Kk Kk
(Signals per Mile) | Correlation .092(**) 075(*%) .006 1230+ .089(**) .054(*) .033 .052(*) 11104 .097(**) .066(**) .285(*%) 1
Sig. (2-tailed) .000 .001 .783 .000 .000 .018 .145 .022 .000 .000 .004 .000
N 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925

* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
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Pearson Correlations — Non-incapacitating and Possi

ble Injury Crashes

Crinvmr AcMnClI Dfac Kfac Tfac HCurDeg IsinWidth MedWid Pavcon SldwWidth SurWidth TotdriPM SigPM
Crinvmr Pearson o R i R R ok _ _ R o R o _ o o o
(Non- Correlation 1 .158(*) .015 .143(+) .038 .098(**) .039 .036 .088(**) .133(*) 1010+ .098(**) .300(**)
:gcapzlcitaﬂngl and | Sig. (2-tailed) .000 497 .000 .090 .000 .085 110 .000 .000 .000 .000 .000
ossinle njur
Crash Rate) MY IN 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941
AcMnCl Pearson *k *k - *k - * - * - * - - *k - *k *k *k
(Access Correlation .158(**) 1 .192(*%) .092(**) .004 .055(*) .045(*) .048(*) .031 .209(**) .258(**) .184(*%) 071(*)
g/llana%?m?nt Sig. (2-tailed) .000 .000 .000 846 .015 .046 .033 175 .000 .000 .000 .002
assification) N 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941
DfaC Pearson Fk Fk - Fk - - Fk - *' - Fk *' - -
(D Factor) Correlation .015 .192(*%) 1 .297(*%) .192(*%) .013 1760+ .006 .046(*) .108(**) .046(*) .010 .005
Sig. (2-tailed) 497 .000 .000 .000 580 .000 781 041 .000 042 673 843
N 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941
KfaC Pearson *k *k *k *k *k - *k * *k *k *k - - *k
(K Factor) Correlation -.143(**) -.092(**) .297(*%) 1 1140+ .081(**) .239(**) .054(*) 1270+ .129(*%) .263(*%) .035 1170
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 017 .000 .000 .000 120 .000
N 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941
Tfac Pearson ) R ok ok _ _ ok ok ok * R R ok
(T Factor) Correlation .038 .004 .192(+) 1140+ 1 .033 .189(*) .037 .087(*) .138(*) .054(*) .035 .090(**)
Sig. (2-tailed) .090 .846 .000 .000 142 .000 .103 .000 .000 .018 122 .000
N 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941
HCurDeg Pearson R - R " R - R - - R "
(Horizontal Correlation .098(**) .055(*) .013 .081(*) .033 1 .006 .068(**) .079(*) .010 .033 .007 .051(*)
gegree of | Sig. (2-tailed) .000 .015 .580 .000 142 .804 .003 .001 .675 141 767 .025
urvature) N 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941
IsinWidth Pearson _ _ & ~ ek ~ ek _ o _ ~ ~ Hk ~ ~ ~
(nside  Shoulder | Correlation .039 .045(*) 1760+ .239(**) .189(*) .006 1 .031 .030 .076(**) .030 .043 .031
Width) Sig. (2-tailed) .085 046 .000 .000 .000 804 173 191 .001 183 .058 176
N 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941
MedWid Pearson ) ) " * ok ; ok ok _ ok _ *
(Median Width) Correlation .036 .048(*) .006 .054(*) .037 .068(**) .031 1 1040+ .186(**) .023 074(*) .052(*)
Sig. (2-tailed) 110 .033 781 .017 .103 .003 173 .000 .000 312 .001 .023
N 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941
Pavcon Pearson - *K - - * *K *K *K - *K *K *K - - *K
(Pavement Correlation .088(**) .031 .046(*) 1270+ .087(*) .079(*) .030 .104(+) 1 .155(**) .128(*) .035 1100+
Condition) Sig. (2-tailed) .000 175 .041 .000 .000 .001 191 .000 .000 .000 127 .000
N 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941
SldWIdth Pearson - *% - *k - *k *% *% - *% *% *k *k - *k - *k
(Shoulder Width) | Correlation .133(*) .209(**) .108(**) 1290+ .138(*) .010 .076(**) .186(*) .155(**) 1 2110+ 1510+ .098(**)
Sig. (2-tailed) .000 .000 .000 .000 .000 675 .001 .000 .000 .000 .000 .000
N 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941
SUI’Width Pearson - *K - *K * *K * - *K *K - *K - *K
(Surface Width) Correlation 1010+ .258(**) .046(*) .263(**) .054(*) .033 .030 .023 .128(*) 2110+ 1 .085(**) .062(**)
Sig. (2-tailed) .000 .000 042 .000 018 141 183 312 .000 .000 .000 .006
N 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941
TotdriPM Pearson o o ) ) ) ) R - R R - R - -
(Total Driveways | Correlation .098(**) .184(*) .010 .035 .035 .007 .043 074(*) .035 1510+ .085(**) 1 .290(**)
per Mile) Sig. (2-tailed) .000 .000 673 120 122 767 .058 .001 127 .000 .000 .000
N 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941
SIQPM Pearson *K *K - - *K - *K - * - - * - *k - *k - *k *k
(Signals per Mile) | Correlation .300(**) 071(+) .005 170+ .090(**) .051(*) .031 .052(*) 1100+ .098(**) .062(**) .290(**) 1
Sig. (2-tailed) .000 .002 .843 .000 .000 .025 176 .023 .000 .000 .006 .000
N 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941

** Correlation is significant at the 0.01 level (2-tailed).

* Correlation is significant at the 0.05 level (2-tailed).
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Pearson Correlations — Property Damage Only Crashes

Crninvmr AcMaCl Dfac Kfac Tfac HCurDeg IsinWidth MedWid Pavcon Sldwidth SurWidth TotdriPM SigPM
Crninvmr Pearson *% * - *% - - *k - - *k - * - * - * *k *k
(PDO Crash Rate) | Correlation 1 .187(+%) -.046(%) .191(%%) .023 .094(**) .043 .065(**) .095(**) 1240+ .168(**) .105(*%) .266(**)
Sig. (2-tailed) .000 .047 .000 .316 .000 .060 .005 .000 .000 .000 .000 .000
N 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908
ACMaCI Pearson Kk Kk - Kk - * - - * - - Kk - Kk Kk Kk
(Access Correlation .187(+%) 1 .198(**) .092(**) .005 .057(*) .044 .047(*) .027 .197(+%) .251(*%) 179(+%) .065(**)
g/llana%_emnt Sig. (2-tailed) .000 .000 .000 841 .013 .053 .041 235 .000 .000 .000 .004
assification) N 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908
DfaC Pearson * Kk Kk - Kk - - Kk - * - Kk -
(D Factor) Correlation -.046(%) .198(**) 1 .281(*%) .191(%%) .016 1750+ .003 .054(*) 1120+ .036 .006 .005
Sig. (2-tailed) .047 .000 .000 .000 481 .000 .882 .019 .000 120 .809 824
N 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908
KfaC Pearson *k *% *k *k *k - *k * *% *% *% - - *%
(K Factor) Correlation -.191(**) -.092(**) .281(*) 1 1160+ 075(*%) .237(*%) .052(*) 1230+ .128(*%) .254(*%) .036 .098(**)
Sig. (2-tailed) .000 .000 .000 .000 .001 .000 .024 .000 .000 .000 A11 .000
N 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908
Tfac Pearson Kk Kk - - Kk Kk Kk * - - Kk
(T Factor) Correlation -.023 .005 -.191(**) 1160+ 1 .034 .194(*%) .037 .084(**) .145(*%) .057(*) .034 .088(**)
Sig. (2-tailed) .316 841 .000 .000 137 .000 110 .000 .000 .013 142 .000
N 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908
HCurDeg Pearson -~ B * R ok R ok o -
(Horizontal Correlation -.094(**) .057(*) .016 075(*%) .034 1 .009 .068(**) .078(**) .006 .032 .004 .041
(D:egree of | Sig. (2-tailed) .000 .013 481 .001 137 .695 .003 .001 777 .158 .863 .075
urvature) N 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908
IsinWidth Pearson ok ok _ ok _ _ _ Xk _ _ _
(nside  Shoulder | Correlation -.043 -.044 -.175(*%) -.237(**) .194(*%) .009 1 .034 .033 .086(**) .034 .039 .034
Width) Sig. (2-tailed) .060 .053 .000 .000 .000 .695 136 .156 .000 141 .092 133
N 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908
MedWid Pearson x " " x ) x x ) x ) "
(Median Width) Correlation -.065(**) -.047(%) .003 .052(*) .037 .068(**) .034 1 .103(**) .188(**) .020 .073(*) .050(*)
Sig. (2-tailed) .005 .041 .882 .024 110 .003 136 .000 .000 372 .001 .028
N 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908
Pavcon Pearson Kk - - * Kk Kk Kk - Kk Kk Kk - - Kk
(Pavement Correlation -.095(**) .027 .054(*) .123(%%) .084(**) .078(*%) .033 .103(**) 1 154(*%) 121(%%) .033 .088(**)
Condition) Sig. (2-tailed) .000 .235 .019 .000 .000 .001 .156 .000 .000 .000 .152 .000
N 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908
SIdWIdth Pearson Kk Kk - Kk Kk Kk - Kk Kk Kk Kk - Kk - Kk
(Shoulder Width) | Correlation -.124(**) -197(**) 1120+ .128(*%) .145(+%) .006 .086(**) .188(**) 154(*%) 1 .206(**) 154(*%) .089(**)
Sig. (2-tailed) .000 .000 .000 .000 .000 777 .000 .000 .000 .000 .000 .000
N 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908
SurWidth Pearson x - e " ~ -~ ok _ ok _ *
(Surface Width) Correlation -.168(**) -.251(**) .036 .254(*%) .057(*) .032 .034 .020 12104 .206(**) 1 076(**) .055(*)
Sig. (2-tailed) .000 .000 120 .000 .013 .158 141 372 .000 .000 .001 017
N 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908
TotdriPM Pearson x e B ~ ~ _ _ ok _ _ ok _ ok Xk
(Total Driveways | Correlation .105(**) 1790+ .006 .036 .034 .004 .039 .073(*) .033 154(*%) 076(**) 1 .289(**)
per Mile) Sig. (2-tailed) .000 .000 .809 A11 142 .863 .092 .001 .152 .000 .001 .000
N 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908
SIgPM Pearson Kk Kk - Kk - Kk - - - * - Kk - Kk - * Kk
(Signals per Mile) | Correlation .266(**) .065(**) .005 .098(**) .088(**) .041 .034 .050(*) .088(**) .089(**) .055(*) .289(**) 1
Sig. (2-tailed) .000 .004 824 .000 .000 .075 133 .028 .000 .000 017 .000
N 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908 1908

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
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APPENDIX C FREQUENCY DISTRIBUTIONS, HISTOGRAMS, AND
SENSITIVITY ANALYSIS — SEVERE AND FATAL CRASHES

Appendix C contains frequency distribution tables $elected variables and histograms for
model variables. Under each histogram is a frequeistribution table for the variable depicted

in that histogram. Appendix C also contains sensjtanalysis plots. Figure C-1 shows, for

example, that reducing the number of drivewaysnpiég from 40 to 20 would reduce the PDO

crash rate from about 151 to 146 per 100 MVMT.

Number of Observations

AcMaCl Raise_ M | Pave M MedTyp ShldTyp | Rural Suburban | Urban ParkTyp
N Valid 1545 1545 1545 1545 1545 1545 1545 1545 1545
Missing | o 0 0 0 0 0 0 0 0

Access Management Class

Cumulative
Frequency | Percent' | Valid Percent’ | Percent

Valid 0 93 6.0 6.0 6.0

1 4 3 3 6.3

2 16 1.0 1.0 7.3

3 437 28.3 28.3 35.6

5 810 52.4 52.4 88.0

6 70 45 45 92.6

7 115 7.4 7.4 100.0

Total 1545 100.0 100.0

! The percent and valid percent columns are included in the software outputs to detect missing or
out of range values (for instance, a negative distance). That the numbers are the same indicates
the anomalies did not occur in the final datasets.

Raised Median

Cumulative
Frequency | Percent Valid Percent | Percent
Valid 0 51 3.3 3.3 3.3
1 1494 96.7 96.7 100.0
Total | 1545 100.0 100.0
Paved Median
Cumulative
Frequency | Percent Valid Percent | Percent
Valid 0 1494 96.7 96.7 96.7
1 51 3.3 3.3 100.0
Total | 1545 100.0 100.0
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Median Type

Shoulder Type

Rural

Cumulative
Frequency | Percent Valid Percent | Percent
Valid 1.0 45 2.9 2.9 2.9
2.0 189 12.2 12.2 15.1
3.0 160 10.4 10.4 25.5
6.0 5 3 3 25.8
8.0 121 7.8 7.8 33.7
10.0 6 4 4 34.0
13.0 6 4 4 34.4
17.0 590 38.2 38.2 72.6
18.0 6 4 4 73.0
20.0 20 1.3 1.3 74.3
21.0 1 1 1 74.4
22.0 389 25.2 25.2 99.5
26.0 5 3 3 99.9
28.0 2 1 1 100.0
Total | 1545 100.0 100.0
Cumulative
Frequency | Percent Valid Percent | Percent
Valid 0 1 1 1 1
1 544 35.2 35.2 35.3
3 36 2.3 2.3 37.6
6 955 61.8 61.8 99.4
7 1 1 1 99.5
8 8 5 5 100.0
Total | 1545 100.0 100.0
Cumulative
Frequency | Percent Valid Percent | Percent
valid 0 1515 98.1 98.1 98.1
1 30 1.9 1.9 100.0
Total | 1545 100.0 100.0
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Suburban

Urban

Parking Type

Cumulative
Frequency | Percent Valid Percent | Percent
Valid 0 1234 79.9 79.9 79.9
1 311 20.1 20.1 100.0
Total | 1545 100.0 100.0
Cumulative
Frequency | Percent Valid Percent | Percent
Valid 0 341 22.1 22.1 22.1
1 1204 77.9 77.9 100.0
Total | 1545 100.0 100.0
Cumulative
Frequency | Percent Valid Percent | Percent
Valid 0 301 19.5 19.5 19.5
1 656 42,5 42,5 61.9
2 582 37.7 37.7 99.6
4 6 4 4 100.0
Total | 1545 100.0 100.0
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Frequency
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10C

Mean = 0.4737
Std. Dev. = 1.22572
N =1,545

i . o

—

0.00 2.00 4.00 6.00 8.00 10.00
Horizontal Degree of Curvature

CURVATURE (degrees) FREQUENCY PERCENT
0 1230 79.6
0.01 - 0.50 25 1.6
0.51-1.00 80 5.2
1.01 -1.50 22 1.4
1.51-2.00 64 4.1
2.01 -2.50 15 1.0
2.51 - 3.00 40 2.6
3.01 - 3.50 20 1.3
3.51 -4.00 17 1.1
4.01 and higher 32 2.1
TOTAL 1545
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700

600 —

500

Frequency
N
o
T

300

200

100

Mean = 4.3056
Std. Dev. = 5.87971
N = 1,545
0 1 | 1 T
0.00 10.00 20.00 30.00 40.00 50.00
Signalized Intersections per mile

SIGNALIZED FREQUENCY PERCENT

INTERSECTIONS PER

MILE

0 650 42.1

0.01 - 2.00 82 5.3

2.01 -4.00 216 14.0

4.01 - 6.00 153 9.9

6.01 — 8.00 124 8.0

8.01 —10.00 111 7.2

10.01 — 15.00 127 8.2

15.01 — 20.00 57 3.7

20.01 and higher 25 1.6

TOTAL 1545
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1,000

800

600

Frequency

400

200

Mean = 3.57

Std. Dev. =2.92
N=1545
0= T =
0 5
Inside Shoulder Width

INSIDE SHOULDER| FREQUENCY PERCENT
WIDTH (ft)
0 567 36.7
1 74 4.8
2 0 0.0
3 0 0.0
4 0 0.0
5 0 0.0
6 895 57.9
7 1 0.1
8 8 0.5
TOTAL 1545
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Mean = 3.164
Std. Dev. = 2.0831
0 |_ I |_| |T| |_| — I |_| |T| — N =154
25 5.0 75 10.0
Shoulder Width

SHOULDER WIDTH (ft) FREQUENCY PERCENT
lorl5 80 52
2 892 57.7
3 43 2.8
4 321 20.8
5 65 4.2
6 24 1.6
7 11 0.7
8or8.5 46 3.0
9 5 0.3
10 42 2.7
11 0 0.0
12 16 1.0
TOTAL 1545
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Frequency
P
s}
(=]
|

100—

Mean = 23.579
Std. Dev. = 22 6778
I pfN = 1.545
0 I

0.0 20.0 40.0 60.0 80.0
Median Width

One median in the dataset was 800 feet wide. Thi®ipt was removed from this plot to
create a more readable graph. This wide median ikfilowever, represented in the mean and
standard deviation.

MEDIAN WIDTH (ft) FREQUENCY PERCENT
0-10 82 5.3

11 -15 146 9.4

16 — 20 508 32.9

21 -25 336 21.7

26 — 30 233 15.1
31-40 176 114

41 - 50 46 3.0

51 and higher 18 1.2
TOTAL 1545
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For the following sensitivity analyses the averagdue for each independent variable of the
model was changes as the others were held constaetconstant values used for these analyses
were as follows:

Dependent Variable Value
Horizontal Degree of Curvature 0.47
Signals Per Mile 4.0
Inside Shoulder Width 3.57
Outside Shoulder Width 3
Median Width 24

57.50
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&)
o
o
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55.00

Fatal Crash Rate (Crashes per 100 MVMT)

wn
>
wu
=}

54.00

53.50
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00

Shoulder Width

Figure C-1  Sensitivity Analysis (Severe/Fatal) — Stulder Width
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Figure C-2  Sensitivity Analysis (Severe/Fatal) — §nalized Intersections per Mile
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Figure C-3  Sensitivity Analysis (Severe/Fatal) — M#ian Width
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Figure C-4  Sensitivity Analysis (Severe/Fatal) — Iside Shoulder Width
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Figure C-5  Sensitivity Analysis (Severe/Fatal) — Hizontal Degree of Curvature
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APPENDIX D

CRASHES

This Appendix contains frequency distribution tabfer selected variables and histograms for
model variables. Under each histogram is a frequeérstribution table for the variable depicted
in that histogram. The Appendix also contains gierty analysis plots. Figure D-2 shows, for
example, that increasing shoulder width from 2 & 4 ft would reduce the non-

FREQUENCY DISTRIBUTIONS, HISTOGRAMS, AND
SENSITIVITY ANALYSIS — NON-INCAPACITATING AND POSSI

incapacitating/possible injury crash rate from akib to 150 per 100 MVMT.

Descriptive Statistics

BLE INJURY

N Minimum Maximum Mean Std. Deviation
Dfac 1558 51.26 99.99 56.7 3
Kfac 1558 7.00 11.39 9.4 1
Tfac 1558 .82 44.65 5.8 4
HCurDeg 1558 .0 10.7 5 1.2
IsInWidth 1558 0 8 3.6 3
MaxSpd 1558 15 65 44 5
MedWid 1558 2.0 800.0 24.1 30
Pavcon 1558 .00 5.00 3.8 1
ADT 1558 8900 98500 44683 15314
Sidewalk 1558 0 10 4.2 3
SldWidth 1558 1.0 12.0 3.2 2
SurWidth 1558 24.0 48.0 35.1 2
MOPM 1558 0 53 7 7
DrivupPM 1558 0 220 15 20
DrivdoPM 1558 0 308 15 20
TotdriPM 1558 0 527 30 36
SigPM 1558 0 51 4 6
Valid N (listwise) 1558
Number of Observations
AcMacCl Raise M | Pave M MedTyp ShidTyp | Rural Suburban | Urban ParkTyp
N Valid 1558 1558 1558 1558 1558 1558 1558 1558 1558
Missing | o 0 0 0 0 0 0 0 0
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AcMnCI

Cumulative
Frequency | Percent' | Valid Percent’ | Percent

valid 0 83 5.3 5.3 5.3

1 4 3 3 5.6

2 14 9 9 6.5

3 456 29.3 29.3 35.8

4 1 1 1 35.8

5 827 53.1 53.1 88.9

6 64 4.1 4.1 93.0

7 109 7.0 7.0 100.0

Total | 1558 100.0 100.0

' The percent and valid percent columns are included in the software outputs to detect missing or
out of range values (for instance, a negative distance). That the numbers are the same indicates
the anomalies did not occur in the final datasets.

Raise_M
Cumulative
Frequency | Percent Valid Percent | Percent
Valid 0 52 3.3 3.3 3.3
1 1506 96.7 96.7 100.0
Total | 1558 100.0 100.0
Pave_M
Cumulative
Frequency | Percent Valid Percent | Percent
Valid 0 1506 96.7 96.7 96.7
1 52 3.3 3.3 100.0
Total | 1558 100.0 100.0
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MedTyp

ShidTyp

Rural

Cumulative
Frequency | Percent Valid Percent | Percent
valid 1.0 45 2.9 2.9 2.9
2.0 169 10.8 10.8 13.7
3.0 152 9.8 9.8 235
6.0 6 A4 A4 23.9
8.0 125 8.0 8.0 31.9
10.0 7 4 4 32.3
13.0 5 3 3 32.7
17.0 615 39.5 39.5 72.1
18.0 9 6 6 72.7
20.0 21 1.3 1.3 74.1
21.0 1 1 1 74.1
22.0 393 25.2 25.2 99.4
25.0 1 1 1 99.4
26.0 7 4 4 99.9
28.0 2 1 1 100.0
Total | 1558 100.0 100.0
Cumulative
Frequency | Percent Valid Percent | Percent
Valid 0 1 1 1 1
1 554 35.6 35.6 35.6
3 37 2.4 2.4 38.0
6 953 61.2 61.2 99.2
7 3 2 2 99.4
8 10 6 6 100.0
Total | 1558 100.0 100.0
Cumulative
Frequency | Percent Valid Percent | Percent
Valid 0 1528 98.1 98.1 98.1
1 30 1.9 1.9 100.0
Total | 1558 100.0 100.0
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Suburban

Urban

ParkTyp

LTB

Cumulative
Frequency | Percent Valid Percent | Percent
Valid 0 1241 79.7 79.7 79.7
1 317 20.3 20.3 100.0
Total | 1558 100.0 100.0
Cumulative
Frequency | Percent Valid Percent | Percent
Vald 0 347 22.3 22.3 22.3
1 1211 77.7 77.7 100.0
Total | 1558 100.0 100.0
Cumulative
Frequency | Percent Valid Percent | Percent
Valid 0 312 20.0 20.0 20.0
1 670 43.0 43.0 63.0
2 569 36.5 36.5 99.6
4 7 A4 A4 100.0
Total | 1558 100.0 100.0
Cumulative
Frequency | Percent Valid Percent | Percent
Valid 0 587 37.7 37.7 37.7
1 971 62.3 62.3 100.0
Total | 1558 100.0 100.0
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Mean = 0.4912
Std. Dev. = 1.23949
N = 1,558
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0.00 2.00 4.00 6.00 8.00 10.00
Horizontal Degree of Curvature

CURVATURE (degrees) FREQUENCY PERCENT
0 1220 78.3
0.01 - 0.50 30 1.9
0.51-1.00 92 5.9
1.01-1.50 22 1.4
1.51-2.00 65 4.2
2.01 -2.50 15 1.0
2.51 -3.00 43 2.8
3.01 - 3.50 21 1.3
3.51 -4.00 19 1.2
4.01 and higher 31 2.0
TOTAL 1558
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700

600 —

500

Frequency
N
o
T

300

200

100

Mean = 29.7987
Std. Dev. = 36.14016
N = 1,558

0 T
0.00

100.00

| | |
200.00 300.00 400.00

Total Driveways per mile

|
500.00

DRIVEWAYS PER MILE FREQUENCY PERCENT
0 358 23.0
0.01 —10.00 191 12.3
10.01 — 20.00 230 14.8
20.01 — 30.00 171 11.0
30.01 — 40.00 156 10.0
40.01 — 50.00 118 7.6
50.01 — 60.00 119 7.6
60.01 — 70.00 66 4.2
70.01 — 80.00 42 2.7
80.01 — 100.00 51 3.3
100.01 and higher 56 3.6
TOTAL 1558

! Percentages do not add to 100 due to rounding.
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800

600—

Frequency
N
o
T

200

Mean = 4.2159
Std. Dev. = 5.78484
N = 1,558
0 1 | 1 T
0.00 10.00 20.00 30.00 40.00 50.00
Signalized Intersections per mile

SIGNALIZED FREQUENCY PERCENT

INTERSECTIONS PER

MILE

0 662 42.5

0.01-2.00 91 5.8

2.01-4.00 210 13.5

4.01 - 6.00 157 10.0

6.01 - 8.00 119 7.6

8.01 -10.00 109 7.0

10.01 - 15.00 136 8.7

15.01 - 20.00 52 3.3

20.01 and higher 23 1.5

TOTAL 1545

! Percentages do not add to 100 due to rounding.
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Mean = 3.63
Std. Dev. = 2.913
N = 1,558
0= T E—
0 5
Inside Shoulder Width

INSIDE SHOULDER| FREQUENCY PERCENT

WIDTH (ft)

0 560 35.9

1 70 4.5

2 0 0.0

3 0 0.0

4 0 0.0

5 0 0.0

6 917 58.9

7 1 0.1

8 10 0.6

TOTAL 1558
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25 5.0 7.5 10.0
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SHOULDER WIDTH (it) FREQUENCY PERCENT
lorlb5 78 5.0
2 897 57.6
3 42 2.7
4 328 21.1
5 69 4.4
6 23 1.5
7 11 0.7
8 or8.5 46 3.0
9 5 0.3
10 43 2.8
11 0 0.0
12 16 1.0
TOTAL 1558
. Percentages do not add to 100 due to
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For the following sensitivity analyses the averageh independent variable of the model was
changes as the others were held constant. Theacdnslues used for these analyses were as
follows:

Dependent Variable Value
Horizontal Degree of Curvature 0.49
Signals per Mile 4.22
Inside Shoulder Width 4.0
Total Driveways per Mile 29.8
Outside Shoulder Width 3.2
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Figure D-1  Sensitivity Analysis (Non-Incapacitating — Driveways per Mile
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Figure D-2  Sensitivity Analysis (Non-Incapacitating — Shoulder Width
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Figure D-3  Sensitivity Analysis (Non-Incapacitating — Signalized Intersections per Mile
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Figure D-4  Sensitivity Analysis (Non-Incapacitating — Inside Shoulder Width
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Figure D-5  Sensitivity Analysis (Non-Incapacitating — Horizontal Degree of Curvature
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APPENDIX E FREQUENCY DISTRIBUTIONS, HISTOGRAMS, AND MODEL
SENSITIVITY - PDO CRASHES

This Appendix contains frequency distribution tabfer selected variables and histograms for
model variables. Under each histogram is a frequerstribution table for the variable depicted
in that histogram. The Appendix also contains sty analysis plots. Figure E-1 shows, for
example, that increasing the degree of curvatuna £ to 4 would reduce the PDO crash rate

from about 138 to about 123 per MVMT.

Descriptive Statistics

N Minimum Maximum Sum Mean Std. Deviation
Dfac 1506 51.26 99.99 85449.89 | 56.74 3.23
Kfac 1506 7.00 11.39 14128.98 | 9.38 .69
Tfac 1506 .82 44.65 8634.07 5.73 4.29
HCurDeg 1506 .00 10.70 757.72 .50 1.28
IsinWidth 1506 0 8 5411 4 3
MaxSpd 1506 15 65 67050 45 5
MedWid 1506 2 800 35755 24 23
Pavcon 1506 .0 5.0 5702.3 3.8 .8
ADT 1506 8900 98500 66921063 | 44436 15209
Sidewalk 1506 .0 10.0 6385.7 4.2 25
Sldwidth 1506 1.0 12.0 4823.0 3.2 2.1
SurWidth 1506 24.0 48.0 52842.0 35.1 1.8
SeglLen 1506 .05 2.70 430.85 .29 .29
MOPM 1506 .0 53.2 10311.9 6.8 7.1
DrivupPM 1506 .0 250.0 21436.6 14.2 19.6
DrivdoPM 1506 .0 350.0 22447.4 14.9 20.4
TotdriPM 1506 .0 600.0 43883.7 29.1 36.4
SigPM 1506 .0 51.3 6295.8 4.2 5.8
Valid N (listwise) 1506
Number of Observations
AcMacCl Raise M | Pave M MedTyp ShidTyp | Rural Suburban | Urban ParkTyp
N Valid 1506 1506 1506 1506 1506 1506 1506 1506 1506
Missing | o 0 0 0 0 0 0 0 0
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Access Managment Classification

Cumulative
Frequency | Percent' | Valid Percent® | Percent

Valid Class Not

Applicable 96 6.4 64 04

Access Class

o 6 4 4 6.8

Access Class

02 14 9 9 7.7

éé:cess Class 419 27.8 27.8 35.5

Access Class

> 1 1 1 35.6

g\gcess Class 806 53.5 53.5 89.1

égcess Class 59 3.9 3.9 93.0

é;:cess class 105 7.0 7.0 100.0

Total 1506 100.0 100.0

! The percent and valid percent columns are included in the software outputs to detect missing or
out of range values (for instance, a negative distance). That the numbers are the same indicates
the anomalies did not occur in the final datasets.

Raised Median

Cumulative
Frequency | Percent Valid Percent | Percent
Valid  No 46 3.1 3.1 3.1
Yes 1460 96.9 96.9 100.0
Total | 1506 100.0 100.0
Paved Median
Cumulative
Frequency | Percent Valid Percent | Percent
Valid  No 1460 96.9 96.9 96.9
Yes 46 3.1 3.1 100.0
Total | 1506 100.0 100.0

97



Median Type

ShidTyp

Rural

Cumulative
Frequency | Percent Valid Percent | Percent
valid 1.0 41 2.7 2.7 2.7
2.0 176 11.7 11.7 14.4
3.0 154 10.2 10.2 24.6
6.0 5 3 3 25.0
8.0 119 7.9 7.9 32.9
10.0 5 3 3 33.2
12.0 1 1 1 33.3
13.0 5 3 3 33.6
17.0 600 39.8 39.8 73.4
18.0 8 5 5 74.0
20.0 12 8 8 74.8
21.0 1 1 1 74.8
22.0 372 24.7 24.7 99.5
25.0 1 1 1 99.6
26.0 5 3 3 99.9
28.0 1 1 1 100.0
Total | 1506 100.0 100.0
Cumulative
Frequency | Percent Valid Percent | Percent
Valid 0 1 1 1 1
1 544 36.1 36.1 36.2
3 36 2.4 2.4 38.6
6 913 60.6 60.6 99.2
7 2 A1 A1 99.3
8 10 7 7 100.0
Total | 1506 100.0 100.0
Cumulative
Frequency | Percent Valid Percent | Percent
Valid 0 1476 98.0 98.0 98.0
1 30 2.0 2.0 100.0
Total | 1506 100.0 100.0
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Suburban

Urban

ParkTyp

Cumulative
Frequency | Percent Valid Percent | Percent
Valid 0 1203 79.9 79.9 79.9
1 303 20.1 20.1 100.0
Total | 1506 100.0 100.0
Cumulative
Frequency | Percent Valid Percent | Percent
Vald 0 333 22.1 221 221
1 1173 77.9 77.9 100.0
Total | 1506 100.0 100.0
Cumulative
Frequency | Percent Valid Percent | Percent
Valid 0 287 19.1 19.1 19.1
1 641 42.6 42.6 61.6
2 573 38.0 38.0 99.7
4 5 3 3 100.0
Total | 1506 100.0 100.0
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800

600—

Frequency
N
o
T

2001 | I

Mean = 29.1393
Std. Dev. = 36.41892
N = 1,506

0 T
0.00 100.00

| | |
200.00 300.00 400.00

Total Driveways per mile

|
500.00

600.00

DRIVEWAYS PER MILE FREQUENCY PERCENT
0 354 23.5
0.01 —10.00 187 12.4
10.01 — 20.00 228 15.1
20.01 — 30.00 172 11.4
30.01 — 40.00 151 10.0
40.01 — 50.00 111 7.4
50.01 — 60.00 100 6.6
60.01 — 70.00 65 4.3
70.01 — 80.00 35 2.3
80.01 — 100.00 45 3.0
100.01 and higher 58 3.9
TOTAL 1506

'Percentages do not add to 100 due to rounding.
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1,200

1,000

800

600

Frequency

400 —

200

Mean = 0.5031
Std. Dev. = 1.27598
_l-l_l_nJ_I_l_I_L!_I_H N = 1,500
0 T N T T
0.00 2.00 4.00 6.00 8.00 10.00
Horizontal Degree of Curvature
CURVATURE (degrees) FREQUENCY PERCENT 1 Percentages do
0 1181 78.4
not add to 100
0.01 - 0.50 24 1.6 due to rounding.
0.51-1.00 94 6.2
1.01-1.50 21 1.4
1.51-2.00 58 3.9
2.01-2.50 15 1.0
2.51-3.00 42 2.8
3.01-3.50 19 1.3
3.51-4.00 18 1.2
4.01 and higher 34 2.3
TOTAL 1506
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700

600 —

500

N

o

S
]

Frequency

300

200

100

Mean = 4.1805
Std. Dev. = 5.79271
N = 1,506
0 1 1 | =T T
0.00 10.00 20.00 30.00 40.00 50.00
Signalized Intersections per mile
SIGNALIZED FREQUENCY PERCENT
INTERSECTIONS PER
MILE
0 642 42.6
0.01 - 2.00 88 5.8
2.01 -4.00 220 14.6
4.01 - 6.00 140 9.3
6.01 — 8.00 111 7.4
8.01 —10.00 107 7.1
10.01 — 15.00 123 8.2
15.01 — 20.00 56 3.7
20.01 and higher 21 1.4
TOTAL 1506

! Percentages do not add to 100 due to rounding.
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1,000

800

o)

o

S
]

Frequency

400 —

200

Mean = 3.59
Std. Dev. = 2.919
N = 1,506
0= T =
0 5
Inside shoulder Width

INSIDE SHOULDER| FREQUENCY PERCENT

WIDTH (ft)

0 549 36.5

1 70 4.6

2 0 0.0

3 0 0.0

4 0 0.0

5 0 0.0

6 877 58.2

7 1 0.1

8 9 0.6

TOTAL 1506
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1,000

800

o)

o

S
]

Frequency

400 —

200

Mean = 3.203
|— |—| ﬁtci. 1322)/.6: 2.1213
0 : |_| : 1 — : |_| |T| ]
25 5.0 75 10.0
Shoulder Width

SHOULDER WIDTH (ft) FREQUENCY PERCENT
lorl5 76 5.0
2 856 56.8
3 48 3.2
4 312 20.7
5 69 4.6
6 27 1.8
7 8 0.5
8or8.5 45 3.0
9 4 0.3
10 43 2.9
11 0 0.0
12 18 1.2
TOTAL 1506
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1,000

800

600

Frequency

400 —

200

Mean = 35.088
Std. Dev. = 1.7938
N = 1,506
0= | | _I_I_'T' T
25.0 30.0 35.0 40.0 45.0
Surface Width
SURFACE WIDTH (ft) FREQUENCY PERCENT
24, 30, or 31 46 3.1
32 77 5.1
33 246 16.3
34 59 3.9
35 106 7.0
36 897 59.6
37 and higher 75 5.0
TOTAL 1506
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For the following sensitivity analyses the averageh independent variable of the model was
changes as the others were held constant. Theacdnslues used for these analyses were as
follows:

Dependent Variable Value
Horizontal Degree of Curvature 0.50
Signals per Mile 4.0
Inside Shoulder Width 4.0
Total Driveways per Mile 29.0
Outside Shoulder Width 3.0
Median Width 24.0
Surface Width 35.0

160

140

120

100

80

60

PDO Crash Rate (Crashes per 100 MVMT)

40

20

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
Horizontal Degree of Curvature

Figure E-1  Sensitivity Analysis (PDO) - Horizontal Degree of Curvature
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PDO Crash Rate (Crashes per 100 MVMT)

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00
Driveways per mile

Figure E-2  Sensitivity Analysis (PDO) — Driveways er Mile
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Signalized Intersections per mile

Figure E-3  Sensitivity Analysis (PDO) — Signalizethtersections per Mile
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PDO Crash Rate (Crashes per 100 MVMT)

0.00 10.00 20.00 30.00 40.00 50.00 60.00
Median Width

Figure E-4  Sensitivity Analysis (PDO) — Median Widh
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160

155

150

145

140

PDO Crash Rate (Crashes per 100 MVMT)

130
0.00 2.00 4.00 6.00 8.00 10.00 12.00

Inside Shoulder Width

Figure E-5  Sensitivity Analysis (PDO) — Inside Shian Width
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PDO Crash Rate (Crashes per 100 MVMT)

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00
Surface Width

Figure E-6  Sensitivity Analysis (PDO) — Surface With
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APPENDIX F PROJECT INFORMATION SHEET

PROJECT INFORMATION SHEET

Project Description:
Financial Project ID:
County Section Number:
State Road Number:
Federal Aid Number:
Begin Project MP:

End Project MP:

Date:
Completed by:

Length of Section (miles):
Life of Project (years):

ADT

- enter year
- enter annual ADT growth rate
(percent)

Vehicle Miles, 1st Year (ADT*Section
Length*365)

Variable

Horizontal Degree of Curvature
Signals per Mile

Inside Shoulder Width

Outside Shoulder Width
Median Width

Total Driveways per Mile
Surface Width

Projected Crash Rate (per 100
million vehicle miles)

Fatal (K) and Severe (A)
Non-incapacitating (B) and Possible
Injury (C)

PDO (O)

Projected Number of Crashes
Fatal (K) and Severe (A)

0

Standard

Values Proposed Values
Standard

Values Proposed Values
7.47 7.47

5.07 5.07

7.47 7.47

Standard

Values Proposed Values
0.00 0.00
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Non-incapacitating (B) and Possible
Injury (C)
PDO (O)

Projected Number of Crashes over
Lifetime of Project

Fatal (K) and Severe (A)
Non-incapacitating (B) and Possible
Injury (C)

PDO (O)

Cost per Crash

Fatal (K) and Severe (A)
Non-incapacitating (B) and Possible
Injury (C)

PDO (O)

Projected Crash Costs over Lifetime
of Project

Fatal (K) and Severe (A)
Non-incapacitating (B) and Possible
Injury (C)

PDO (O)

0.00 0.00

0.00 0.00

Standard

Values Proposed Values
0.00 0.00

0.00 0.00

0.00 0.00

Standard

Values Proposed Values
$0 $0

$0 $0

$0 $0
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Difference
0.00

0.00
0.00

Savings
$0

$0
$0



APPENDIX G ANNOTATED POWERPOINT PRESENTATION

Evaluation of Geometric and
Operational Characteristics
Affecting the Safety of Six-Lane
Divided Roadways

Prepared for

FDOT State Safety Office
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Project Background

FDOT State Safety Office observed that
the fatality rate on divided roadways with
Six or more lanes, the fatality rate was
30% higher than on four-lane divided
roadways.

In an effort to determine those factors influencing the crash rates on Florida’s
roadways, the FDOT State Safety Office reviews and analyzes the crash
trends on the State System. One such review revealed that six- or more lane,
non-limited access roadways have the highest fatality rate (fatalities/million
vehicle miles traveled) of all FDOT roadways. In 1998, six- or more lane
divided highways had a 25% higher fatality rate than four-lane divided
highways. By 2001, six-lane sections had 32% to 48% higher fatality rates
than four-lane divided highways, depending on urban, suburban, or rural
location. This difference in the crash rate is hypothesized to be caused by
differences in geometrics and traffic characteristics between six- and four-lane
highways.
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Project Background

To accommodate ever-increasing motor
vehicle volumes on State Roadways,
FDOT will continue to widen four-lane
roadways.

Florida is one of the fastest growing states in the nation. As the population
grows, so does the number of motor vehicles.
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Project Background

To decrease crash / fatality rates, FDOT
needs to know what factors result in higher
crash rates on six-lane roadways.
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Project Purpose

To identify those geometric and
operational characteristics of six-lane
divided roadways that affect crash / fatality
rates.

The main goal of this project was to improve the safety of six-lane divided
roadways in the State of Florida by mitigating the high crash rates on these
roadways as compared to four-lane divided roadways. To attain this goal, the
overall objective of this project was to evaluate roadway and operational
factors influencing the high injury and fatality rates on six-lane divided
roadways.

118



Project Purpose

To identify potential modifications to FDOT
design / operational standards that would
result in decreased crash / fatality rates on
six-lane divided roadways.

The major outcome of this research project was expected to be the
development of roadway safety models that can be used by planners,
designers, and engineers to improve highway design and maintenance in
order to promote safety of six-lane divided roadways.
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Hypothesis Confirmation

Crash patterns on six-lane divided
roadways are different than those on four-
lane divided roadways.
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Data Collection Methodology

» Obtain from the Crash Analysis Reporting
System (CARS) all those motor vehicle
crashes that occurred on six-lane
roadways

» Obtain from the Roadway Characteristics
Inventory (RCI) database the information
for six-lane roadways

» Use the video logs to supplement the RCI
data for variables not contained in RCI

The data came from several sources:

*FDOT crash databases - Crash data for the State Highway System (SHS) during the year 2001 was
obtained from the FDOT crash database. This dataset contains all crashes, each with an individual
identifying number, and all the information coded on the Florida Motor Vehicle Crash Report form. Each
crash record includes many crash- and vehicle-level variables. Examples include first harmful event for
each vehicle, injury severity, alcohol/drug use, etc. Additionally, some roadway data have been linked to
the crash details in the Crash Analysis Reporting System (CARS). While it contains a wealth of
information, the CARS data alone were not adequate to perform the analyses needed for this project.
Many roadway variables suspected as being significant are not included within this database. For
instance, the CARS does not distinguish between roadways with six lanes and those with more than six
lanes. Consequently, the crash data had to be linked to a more comprehensive roadway characteristics
data file.

*Roadway Characteristics Inventory (RCI) file - The Roadway Characteristics Inventory (RCI) contains
information on many geometric and operational variables for state-maintained roadways throughout
Florida. Examples include shoulder type, pavement surface width, posted speed limit, horizontal degree
of curvature, pavement condition, etc. The RCI file was obtained from Florida DOT and was dated 2004.
More information about the RCI can be found online at
http://www.dot.state.fl.us/planning/statistics/rci/default.htm.

*FDOT videologs - Although the RCI contains a wealth of geometric information, some variables which
were thought to be important are not included in the RCI. More specifically, the research team thought
that the following non-included variables are important in understanding crashes along six-lane
roadways: (1) Number of driveways on each side, per mile; (2) Number of median openings per mile; (3)
Presence of left turn bays (1=yes, 0=no); and (4) Number of signalized intersections per mile.
Fortunately, FDOT maintains videologs of state-maintained roadways throughout Florida. The videologs
contain snapshots of roadways at 0.01-mile intervals and are organized according to the roadway ID
number. Depending on the roadway, the videologs were filmed from 2001 to 2004. Each of the
segments identified using the RCI database was “driven” using the videologs. The values for these
variables were entered into a separate database and then were merged with the segmented RCI file.
eLocal traffic operations offices - Signal timing had to be obtained from operating agencies. Signal timing
plans were obtained from counties and cities and linked to the segmented RCI database. Because of
the time required to obtain this data, this data collection effort was limited to FDOT’s District 7.
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Data Collection Methodology

» Segment the roadway section database
with respect to selected variables

Access Management Class AADT

D factors K factors
Horizontal Curvature Median Width
Pavement Condition Outside Shoulder Width

Surface Width Inside Shoulder Width

Driveways per Mile Up / Down Station Driveways
per mile

Presence of Left Turn Bays Signals per Mile

nly segments longer than 0.05 miles were used in the analyses
9

To make the data useful, the six-lane roadways needed to be obtained from
the dataset and segmented. As the RCI has a field identifying the number of
lanes the first step was simple. However, the RCI does not have an overall
segmentation; rather, each item in the RCI is coded for a begin and end
milepost. To create an overall segmentation for this project, the researchers
identified a set of key variables which they thought influenced crash rates
(Appendix A of the report). A spreadsheet was then programmed to determine
at what mileposts any key variable changed. Then the researchers created
new segmentation based upon these break points. The segments that were
used had a minimum length of 0.05 mile. The resulting roadway
characteristics file contained nearly 2000 roadway segments.
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Data Collection Methodology

 Link the segmented roadway
characteristics database to the data in the
CARS system

Since each crash record had a roadway segment associated with it, the
crashes were linked to the RCI variables. Consequently, each crash record
contained fields for all the crash, RCI, and median and driveway data, and, in
some cases, signal timing information. This effort created a massive and
robust dataset. Testing could now be performed based upon any RCI / crash
detail field.
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Model Development

Poisson

Negative Binomial

Zero Inflated Poisson

Zero Inflated Negative Binomial

Both zero-inflated negative binomial models and zero-inflated Poisson models
were considered. Because there is significant over dispersion in the data set,
a Poisson model was not considered to be appropriate. The zero-inflated
negative binomial model was selected as the appropriate model form.

A large percentage of the roadway segments in the database had no crashes
during 2001 and therefore had a crash rate equal to zero. The researchers
tested for the presence of a dual state and found zero-inflated models to be

the best fit.
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Model Development

To ensure that short segment lengths
were not resulting in the erroneous
selection of a ZINB model, the dataset
was reduced to include only segments that
were at least 0.3 then 0.5 miles long.
Tests continued to confirm that the ZINB
was appropriate.

The researchers were concerned that the short length of many segments
could have led to a false conclusion that the zero-inflated negative binomial
model was appropriate. Consequently, the researchers also checked to see if
segment length had an influence in the large percentage of segments with
zero crashes. Models were tested on segments with lengths >0.5 miles, >0.3
miles, and >0.05 miles and zero-inflated models were found to be the most
appropriate.
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Model Development

Initially attempts were made to model
overall crash rates with one model. The
models developed yielded counterintuitive
results (increasing speed decreases
crashes).

Initially, the researchers tried to develop one model that pertained to all
crashes, but the resulting model suggested that a series of three models — one
for each level of crash severity — would be more appropriate. For example,
horizontal degree of curvature increased the rate of severe/fatal crashes but
decreased the rates of non-incapacitating/possible injury and property damage
only crashes. Hence, separate models for each level of crash severity were

fitted.
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Model Development

It was decided to attempt to create five
separate models:
— Severe and Fatal Crash Rate

— Non-incapacitating and Possible Injury Crash
Rate

— Property Damage Only Crash Rate
— Bicycle Crashes
— Pedestrian Crashes

However, as described on the next slide, modeling bicycle and pedestrian
crashes was deemed to be impractical. Therefore, this presentation and
Chapter 6 of our report focus on three models, one for each level of crash
severity.
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Model Development

Bicycle and Pedestrian Crash Models

The development of these models was
deemed impractical. The characteristics
found to be associated with crashes were
likely to represent and increased incidence of
walking and cycling. Without exposure data,
it was not possible to obtain true crash rates.

The researchers attempted to create models for pedestrian crashes and
bicyclist crashes. While models could have been developed, the form of those
models is inconsistent with reasonable explanations. For example, more
crashes occurred on roadway segments with sidewalks than on segments
without sidewalks. The researchers believe that this finding is the result of
increased exposure on segments with sidewalks (i.e., more people walking on
segments with sidewalks than on segments without sidewalks).

Because there is no measure of exposure for pedestrians and bicyclists, the
models appear to be predicting where walking and bicycling are occurring
rather than the relative risks associated with the roadways.
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Severe and Fatal Crash Model

Table 6.1 Severe and Fatal Crashes — Model Coefficits and Statistics

Variable Coefficient Standard  b/St.Er. P[Z]>z Mean of X
Error

Constant 3.90259462  .07922201 49.261 .0000

HCURDEG .03082006  .02606036 1.183 .2370 368285

SIGPM .02859905  .00535165 5.344 .0000 4.35@35

ISLDWIDT  -.02161111 .00796378 -2.714 .0067 35829

SLDWIDTH -.01558822 .01328139 -1.174 .2405 396117

MEDWID -.00170746  .00289369 -.590 .5551 23.5388
.37816326  .03671053 10.301 .0000

.03664763  .01233541 2.971 .0030
ion parameter and tau is anpetex for the zero inflation model.

The severe and fatal crash model was developed based on 1,545 segments

and is as follows:
Severe and Fatal Crash Rate = 3.9026 + 0.0308 HCURDEG + 0.286 SIGPM —

0.0216 ISLDWIDT - 0.0156 SLDWIDTH - 0.0017 MEDWID

These variables were found to be statistically significant:
» Signals per mile (SIGPM)
* Inside shoulder width (ISLDWIDT), in feet

This model includes three additional variables that are not statistically
significant:

* Horizontal degree of curvature (HCURDEG), in degrees

* Outside shoulder width (SLDWIDTH), in feet

* Median width (MEDWIDTH), in feet
These three variables were included because they were strongly correlated

with the crash rates.
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Non-Incapacitating and Possible
Injury Crash Model

Table 6.2 Non-incapacitating and Possible Injury @shes — Model Coefficients and
Statistics

Variable Coefficient ~ Standard  b/St.Er. P[Z]>z Mean of X
Error

Constant 5.06651355 .04727706 107.166 .0000

HCURDEG -.04474767 .01802106 -2.483 .0130 48989089

TOTDRIPM .00163933  .00054235 3.023 .0025 297856

SIGPM .05090045  .00335587 15.168 .0000 4.9358
ISLDWIDT -.02450391 .00665571 -3.682 .0002 63807189
SLDWIDTH -.04838232 .00783622 -6.174 .0000 17329910
Alpha 52978498  .01919589 27.599 .0000
Tau -.15341166  .00801502 -19.141 .0000

Alpha is the dispersion parameter and tau is anpeter for the zero inflation model.

The non-incapacitating and possible injury model was developed based on
1,558 segments and is as follows:

Non-incapacitating and Possible Injury Crash Rate = 5.0665 — 0.0447
HCURDEG + 0.0016 TOTDRIPM + 0.0509 SIGPM — 0.0245 ISLDWIDT —

0.0484 SLDWIDTH

These variables were found to be significant:

* Horizontal degree of curvature (HCURDEG), in degrees
» Total driveways per mile (TOTDRIPM)

» Signals per mile (SIGPM)

* Inside shoulder width (ISLDWIDT)

» Shoulder width (SLDWIDTH)
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Property Damage Only Crash
Model

Table 6.3 Property Damage Only Crashes — Model Cfiicients and Statistics

Variable Coefficient Standard  b/St.Er. P[Z]>z Mean of X
Error

Constant 7.46746992  .49098425 15.209 .0000
TOTDRIPM .00166889  .00076008 2.196 .0281 282085
HCURDEG  -.05211821 .01792429 - 2.908 .0036 0313413
SIGPM .04924155  .00500854 9.832 .0000 4.0790
ISLDWIDT  -.01963261 .00772817 - 2.540 .0111 IBIA555
SLDWIDTH -.02338018 .00869786 -2.688 .0072 0385126
MEDWID -.00630954 .00187049 -3.373 .0007 23.79583
SURWIDTH -.06820171 .01394311 -4.891 .0000 356294
Alpha .64758585  .02723195 23.780 .0000
Tau -.11493519  .00812804 -14.141 .0000

Alpha is the dispersion parameter and tau is anpatier for the zero inflation model.

The property damage only crash model was developed based on 1,506
segments and is as follows:

Property Damage Only Crash Rate = 7.4675 + 0.0017 TOTDRIPM - 0.0521
HCURDEG + 0.0492 SIGPM — 0.0196 ISLDWIDT — 0.0234 SLDWIDTH —
0.0063 MEDWID - 0.0682 SURWIDTH

These variables were found to be significant:

» Total driveways per mile (TOTDRIPM)

* Horizontal degree of curvature (HCURDEG), in degrees
» Signals per mile (SIGPM)

* Inside shoulder width (ISLDWIDT), in feet

* Shoulder width (SLDWIDTH), in feet

e Median width (MEDWIDTH), in feet

» Surface width (SURWIDTH), in feet
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Model Terms
Horizontal Degree of Curvature

Increases severe and fatal crash rates
— May result from higher speeds

— May result from preceding sections having
long tangent sections prior to the curves

The researchers were unable to confirm either
supposition

Although increasing the horizontal degree of curvature increased fatal and
severe crash rates, this variable was not statistically significant.
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Model Terms
Horizontal Degree of Curvature

Decreases non-incapacitating and
possible injury crash rates and property
damage only crash rates

The researchers feel that the resulting decrease
in crash rates is the result of increased driver
participation in the driving task on curves.

The model results indicate that increasing the horizontal degree of curvature
reduces the rates of non-incapacitating and property damage only crashes.
The researchers believe this is attributable to a higher level of driver
awareness when driving on curves.
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Sensitivity Analysis — Horizontal
Degree of Curvature (PDO)
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Sensitivity analyses for severe/fatal crashes (Figure C-5), non-
incapacitating/possible injury crashes (Figure D-5), and PDO crashes (Figure
E-1) are shown in the Appendices of the report. This graph (Figure E-1)
shows that increasing the degree of curvature from 2° to 4° would reduce the
PDO crash rate from about 138 to about 123 per MVMT.
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Model Terms
Horizontal Degree of Curvature

Recommendation

As with Interstate design, it may be
appropriate to include more gentle curves

among shorter tangent sections on Six-
lane divided roadways.

For freeways, AASHTO recommends a proper combination of flat curvature,
shorter tangents, gentle grades, variable median widths, and separate
roadway elevations to enhance the safety and aesthetic aspects of freeways.
This might hold true in the case of six-lane highways in Florida. The FDOT
Plans Preparation Manual recommends a maximum horizontal degree of
curvature of 10° 15' for a rural environment and 8° 15' for an urban
environment on a 45 mph roadway. The observed horizontal degree of
curvature on the majority of six-lane roadway segments is well below these
values. The observed effect of horizontal degree of curvature on reducing
crash rates suggests that, where possible, the addition of gentle curves in the
design of arterial roadways may reduce the observed crash rates on six-lane
highways in Florida. Based on these study results, the researchers also
recommend that FDOT should not "straighten out" roadway segments that are
well within the maximum degree of curvature. This is not to suggest that
curves should be maintained on roadways where it can be shown that the
curvature is associated with a documented crash problem; rather that a
general policy of flattening curves may not be appropriate.
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Model Terms
Median Width

Increased median width was found to
result in reduced fatal and incapacitating
injury crash rates and reduced property
damage only crash rates

A similar but less significant correlation was
found with respect to non-incapacitating injury
and possible injury crash rates.

The models indicate that increasing the median width reduces crash rates.
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Sensitivity Analysis — Median Width
(PDO)
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Sensitivity analyses for severe/fatal crashes (Figure C-3) and for PDO crashes
(Figure E-4) are shown in the Appendices of the report. This graph (Figure E-
4) shows that increasing the median width from 20 ft to 40 ft would reduce the
PDO crash rate from just over 150 to about 135 crashes per 100 MVMT.
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Model Terms
Median Width

Recommendation

FDOT specifies minimum median widths for
roadways (PPM Table 2.2.1). Narrower medians
should only be used after an evaluation of the

Impact on safety is evaluated.

Table 2.2.1 of the FDOT Plans Preparation Manual requires a median width of
at least 40 feet on arterial roadways with design speeds in excess of 45 mph,
and at least 22 feet on arterial roads with design speeds of 45 mph or less.
The minimums may be reduced to either 15.5 ft or 19.5 ft, depending on
design speed, on reconstruction projects with severe right-of-way constraints.
The results support FDOT's median width policy. The researchers strongly
endorse FDOT's efforts to implement the median width requirements on all
new roadways. Moreover, where right-of-way is available, deficient median
widths should be widened during projects on existing roadways.
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Model Terms
Shoulder Width

Increased inside and outside shoulder
widths were found to result in reduced
crash rates for all types of crashes.

Wider shoulder widths reduce crash rates and hence a wider shoulder width is
recommended to reduce crash rates on six-lane highways in Florida.
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Sensitivity Analysis — Outside Shoulder
Width (Non-incapacitating/Possible Injury)
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Sensitivity analyses for outside and inside shoulder width are shown in in the
Appendices of the report - Figures C-1 and C-4 (severe/fatal crashes), D-2
and D-4 (non-incapacitating/possible injury crashes), and E-5 and E-6 (PDO
crashes). This graph (Figure D-2) shows that increasing outside shoulder
width from 2 ft to 4 ft would reduce the non-incapacitating/possible injury crash
rate from about 165 to 150 per 100 MVMT.
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Model Terms
Shoulder Width

Recommendation

FDOT specifies minimum shoulder widths for
roadways (PPM Table 2.3.2). Narrower shoulders
should only be used after an evaluation of the

Impact on safety is evaluated.

Table 2.3.2 of the FDOT Plans Preparation Manual requires outside shoulder
widths of 8, 10, or 12 ft, depending on low, normal, or high volume, for divided
six-lane arterials.

The results of this study support FDOT's shoulder width policy. The
researchers strongly endorse FDOT's efforts to implement the shoulder width
requirements on all new roadways. Moreover, where right-of-way is available,
deficient shoulder widths should be widened during reconstruction projects on
existing roadways.
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Model Terms
Surface Width

Increased surface width was found to

result in reduced crash rates for property
damage only crashes.

A similar but less significant correlation was
found with respect to fatal and incapacitating

injury and non-incapacitating injury and possible
Injury crash rates.

An increased surface width was found to reduce PDO crash rates.
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Model Terms
Surface Width

Recommendation

Surface width is comprised of the travel lanes,
including bike lanes, and shoulder widths. The
FDOT criteria for these widths should not be

compromised without an evaluation on the
safety impacts.

The Roadway Characteristics Inventory defines surface width as the total
width of all through lanes in a single direction. That is, surface width depends
on both the number of through lanes and the lane widths. The Plans
Preparation Manual states that the standard practice is to provide lane widths
as wide as practical, up to 12 ft (Section 2.1.1). The results of the present
research support FDOT's current practice (versus narrower lane widths), as
wider lane widths mean wider surface widths, which would reduce crash rates
and hence result in safer driving conditions.
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Model Terms
Signals per Mile

Increases in the number of signals per
mile was found to increase crash rates for
all types of crashes.

For the roadway segments included in this study, the number of signals per
mile ranged from O to 51.

Roughly 80 percent of the roadway segments included in this study have
Access Management Class 3 or 5. FDOT's State Highway Access
Management Classification System and Standards require for a minimum
signal spacing of 0.5 mile on Class 3 roadways. On Class 5 roadways, the
minimum signal spacing is 0.25 mile (posted speed limit 45 mph or less) and
0.5 mile (higher speed limits). The standards are contained within Section 1.8
of the Plans Preparation Manual (the entire rule is available online at
http://www.dot.state.fl.us/planning/systems/sm/accman/pdfs/1497.pdf).
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Sensitivity Analysis — Signals per
Mile
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Sensitivity analyses for non-incapacitating/possible injury crashes (Figure D-3)
and PDO crashes (Figure E-3) are shown in the Appendices of the report.
This graph (Figure D-3) shows, for example, that reducing the number of
signals per mile from 10 to 5 would reduce the PDO crash rate from about 200
to 150 per 100 MVMT.
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Model Terms
Signals per Mile

Recommendation

Because of the strong correlation of signals per
mile with crash rates, it is strongly recommended
that exceptions to FDOT signal spacing criteria
only be allowed after a thorough evaluation of
the impacts on overall crash rates.

The results support FDOT's access management policies. The researchers
acknowledge that FDOT must balance safety with the access needs of
residents and businesses. Nevertheless, we strongly endorse FDOT's efforts
to enforce its access management policies when considering applications for
new driveway connections and signalized intersections.
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Model Terms
Driveways per Mile

Increases in the number of driveways per
mile was found to increase crash rates for
all non-incapacitating and possible injury
crashes and for property damage only

crashes.

A similar but less significant correlation was found with
respect to fatal and incapacitating injury crash rates.

For the roadway segments included in this study, the number of driveways per
mile ranged from 0 to 600 and includes both sides of the roadway.

Roughly 80 percent of the roadway segments included in this study have
Access Management Class 3 or 5. FDOT's State Highway Access
Management Classification System and Standards provide for minimum
driveway spacing of 440 feet (Class 3) and 245 feet (Class 5), when the
posted speed limit is 45 mph or less. On higher-speed roads, the spacings
increase to 660 feet and 440 feet, respectively. The standards are contained
within Section 1.8 of the Plans Preparation Manual (the entire rule is available
online at
http://www.dot.state.fl.us/planning/systems/sm/accman/pdfs/1497.pdf).
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Model Terms
Driveways per Mile

Recommendation

This finding strongly supports FDOT’s efforts to
reduce the number of driveways along its
roadways with access management. Itis
strongly recommended that unnecessary
exceptions to FDOT access management
criteria only be allowed after an evaluation of the
impacts on overall crash rates.

The results support FDOT's access management policies. The researchers
acknowledge that FDOT must balance safety with the access needs of
residents and businesses. Nevertheless, we strongly endorse FDOT's efforts
to enforce its access management policies when considering applications for
new driveway connections and signalized intersections.
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Sensitivity Analysis — Driveways per Mile
(Non-incapacitating / Possible injury)
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Sensitivity analyses for non-incapacitating/possible injury crashes (Figure D-1)
and PDO crashes (Figure E-2) are shown in the Appendices of the report.
This graph (Figure D-1) shows, for example, that reducing the number of
driveways per mile from 40 to 20 would reduce the non-incapacitating/possible
injury crash rate from about 157 to 152 per 100 MVMT.
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Study Conclusions

FDOT has excellent standards for
roadway design. This research confirms
the need to adhere to those standards
unless there are compelling reasons to
vary from them.

The results of this research strongly support FDOT’s standards, as stated in
the Plans Preparation Manual and the State Highway Access Management
Classification System and Standards. The information obtained by this
research will help designers make decisions on what roadway treatments may
be appropriate and under what conditions. By implementing the results of this
research, FDOT will be able to continue to provide for the roadway capacity
needs of Florida while maintaining or improving the safety of its roadways.
Although FDOT has comprehensive design and operational standards, these
standards provide some flexibility to individual designers / engineers. In some
cases, this flexibility is required to address right-of-way or environmental
constraints. At other times, the flexibility allows for the accommodation of local
community preferences. Additionally, various designers / engineers may apply
the standards differently from each other. However, the researchers strongly
recommend that FDOT weigh the advantages of granting exceptions to the
standards against the potential for reduced safety.
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Project Information Sheet

PROJECT INFORMATION SHEET

Project Description:
Financial Project ID:
County Section Number:
State Road Number:
Federal Aid Number.
Begin Project MP:

End Project MP:

Date:
Completed by:

Length of Section (miles)
Life of Project (years):

ADT
- enter year

- enter annual ADT growth rate
(percent)

Vehicle Miles, 1st Year (ADT*Section
Length*365)

Standard
Variable Values Proposed Values
Horizontal Degree of Curvature

Signals per Mile

Inside Shoulder Width

Outside Shoulder Width

Median Width

Total Driveways per Mile

Surface Widih

Projected Crash Rate (per 100 Standard
million vehicle miles) Values Proposed Values
Fatal (K) and Severe (A) 7.47

Non-incapacitating (B) and Possible

Injury (C) 507

PDO (0) 7.47

Standard
Projected Number of Crashes Values Proposed Values
Fatal (K) and Severe (A) 0.00
Non-incapacitating (B) and Possible
Injury (C) 000

PDO (0) 0.00

It is important to realize that the models developed in this research are not intended to be used in “what-if” analyses
(such as “What if we had a 14-foot lane, instead of the 12 feet required by the PPM?"). Rather, the models can assist
the engineer in a comparative analysis of roadway safety in accordance with a standards vs. designed type of
analysis. This analysis would analyze the safety impacts of designs implemented with one or more exceptions
granted.

An example of how this analysis could be implemented is through a Project Information Sheet (Appendix F of the
report, also available as a Microsoft Excel spreadsheet). Such a calculation sheet could be incorporated into the PPM
to address the requirements of Chapter 23 (Section 23.2.2.4).

The user inputs information such as section length, ADT, horizontal degree of curvature, cost per crash, etc. The
spreadsheet calculates the following:

Projected Crash Rate (per 100 million vehicle miles) — These are calculated for (1) fatal and severe crashes, (2) non-
incapacitating and possible injury crashes, and (3) PDO crashes, using the respective models and either the standard
or the proposed values. As these cells contain formulas, initially various values appear as “placeholders.” Once
Horizontal Degree of Curvature, Signals per Mile, etc., have been entered, the projected crash rates will appear in
these cells.

Projected Number of Crashes — These are annual numbers of crashes for each level of crash severity and for
standard vs. proposed. The volume used to calculate the projected number of crashes is an average volume over the
life of the project. Initially, various values appear as “placeholders.”

Projected Number of Crashes over Lifetime of Project — These are the projected total number of crashes for each
level of crash severity and for standard vs. proposed. Again, the volume used for this calculation is the average
volume over the life of the project. Initially, various values appear as “placeholders.”

Difference — A positive difference indicates that constructing the roadway using the proposed values for Horizontal
Degree of Curvature, Signals per Mile, etc., would result in more crashes for that level of crash severity, compared to
using the standard values from the PPM. That is, the exceptions would worsen safety. A negative difference
indicates that constructing the roadway using the proposed values would result in fewer crashes, compared to using
the standard values from the PPM. In that case, the exceptions would improve safety. Initially, zeroes appear as
“placeholders.”

Cost per Crash — These are the average costs per crash for each level of crash severity.

Projected Crash Costs over Lifetime of Project — These are the projected total costs for crashes with each level of
severity, over the lifetime of the project, and for standard vs. proposed. The inflation rate is assumed to be zero.
Initially, zeroes appear as “placeholders.”

Savings — A positive savings indicates that constructing the roadway using the exceptions would reduce crash costs
(because of fewer crashes). A negative savings indicates that constructing the roadway using the exceptions would
increase crash costs (because of more crashes). Initially, zeroes appear as “placeholders.”

By completing the Project Information Sheet, the engineer can easily see the safety and cost effects of applying the
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