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EXECUTIVE SUMMARY

Background

The State of Florida, like many other States, Ingslemented truck lane restrictions on
major interstate freeway corridors and on the Hdea&bs Extension of the Florida’s Turnpike.
These corridors have three lanes or more in orextibn. The Phase Il study reported herein
was initiated following the results of a Phase udst which showed there were safety and
operational benefits associated with the implentemtaof a truck lane restriction on a rural
section of the Interstate 75. The question washdrehese benefits extend to urban corridors of
limited access highways. There were a total ol@ ,2enterline miles of urban limited access
highways. Of this total, 430 miles has a truckelaestriction. An urban area was defined as a
metropolitan area with a population of 500,000 peap more. The urban corridors with a truck
lane restriction within these urban areas were lun Interstate 75, Interstate 95, and the
Homestead Extension of the Florida's Turnpike (HEFTrucks were restricted from using the
left (non-HOV) lane in these corridors. This ravief the safety experience on urban limited
access highways, coupled with the analysis of taH#id operations on these highways, was
designed to assist the Florida Department of Tramapon (FDOT) in developing guidelines for
deciding which urban highway corridors can bengfdst from the implementation of a truck
lane restriction.

Objectives

The objective of this study was to determine tHeatfof truck lane restrictions on urban
limited access highways. The study was achieveanayyzing crash experience before and after
a truck lane restriction was implemented on a hmjwegment and by conducting a detailed
modeling of crashes occurring on the Florida lishiteecess highway system. The hope was to
identify the factors that contribute to crash ocence in areas with and without a truck lane
restriction. The geometric variables of interesiuded the length of the highway segments, the
number of lanes, the number of interchanges, thebeu of on and off ramps, lane widths,
shoulder widths, the presence of a truck laneiotisin, and the presence of a high occupancy
vehicle (HOV) lane. Traffic variables, likely to flnence the effectiveness of a truck lane
restriction, were thought to be the average andady traffic volume (AADT), the percent of
trucks, and operating speeds.

Findings and Conclusions

The negative binomial regression model was usetketermine the influence of various
regression variables on the occurrence of craslsgecial emphasis was on the impact of the
truck lane restriction and truck volumes, represénby the percent of AADT. The results
showed that the presence of a truck lane restnicvas largely statistically insignificant in
influencing the overall number of crashes occurimgan urban highway sectiop € 0.808).
However, the coefficient for this variable in thedel was negative suggesting that in the year



2005, sections with a truck lane restriction tenttetlave fewer crashes than sections without a
restriction, although insignificantly so. This temcy was confirmed with a marginal effect
analysis which showed that implementing a truclelasstriction in year 2005 would have the
effect of reducing crashes by 4 percent. Thesaltseare in line with the results reported in a
number of previous studies investigating the effjcaf truck lane restrictions.

The results further showed a negative relationblefgveen an increase in the percent of
trucks and crash occurrence. The marginal effeatyais revealed that if the percentage of
trucks on Florida urban highways in the year 20@& wcreased from a minimum of 2 percent
to a maximum of 15 percent, the annual occurrericerashes will be reduced by 22 percent.
This result is both intuitive and counterintuitivend mirrors conflicting results reported in
literature. It can be argued that increased tiatlkmes on a highway increase the probability of
a crash occurrence. This is brought about by &s=e lane changes among passenger car
drivers. It can also be argued that the preseheehagher volume of trucks reduces the number
of gaps to the point that most passenger car dridemot attempt to change lanes.

Another result worthy noting is the significance tfe regional differences in the
occurrence of crashes. The modeling results shavat driving on urban limited access
highways in the Orlando area was relatively sdfantdriving in the Jacksonville area, followed
by the Tampa area, followed by tri-county area afnP Beach, Broward, and Miami-Dade.
Numerous socio-economic variables were considemedni attempt to explain these regional
differences. The socio-economic factors that veeresidered included the percentage of people
in each county who are female, who are under 18&yafaage, who are above 65 years of age,
who speak a language other than English at home hate a high school education, who have a
minimum of a bachelor degree, and who have incoet@bthe federal poverty line. However,
further econometric analysis is warranted, if oramis to focus on these regional differences.

The before-and-after analysis involved highway segis of which the date of the
implementation of a truck lane restriction was knowThese segments were on Interstate 75
close to Tampa and Interstate 95 in Jacksonvilldruck lane restriction was imposed on these
two segments in May 2004. Other segments werd®mEFT in the Miami-Dade area where
truck lane restrictions were introduced in May 200Bhe Comparison Group before-and-after
study resulted in an effectiveness index of 1.3his suggests that segments with truck lane
restriction had 32 percent more crashes than casgmarsegments with relatively similar
geometric and traffic characteristics. Althougts tlesult is slightly opposite to the results of th
negative binomial regression model, it is nevedbglsimilar to the results of previous studies
found in the literature for highways in other sgathat showed an increase in crashes on some
highways with a truck lane restriction.

Benefits

The benefit of this study to the Florida DepartmeinTransportation is the understanding
of the influence of a truck lane restriction on tiexurrence of crashes on urban limited access
highways. The results showed that there were ear @ut safety benefits associated with the
implementation of a truck lane restriction, andaat, the overall number of crashes may increase
in some sections. However, a companion study stiavat there were operational benefits



associated with a truck lane restriction, and ¢hatck lane restriction is a strategy popular with
the traveling public as revealed by the literatgrgew.

Vi
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CHAPTER 1

INTRODUCTION
1.1 Overview

Urban freeways and tollways in the United States @maracterized by a significant
number of trucks hauling freight between variougios and destinations. These trucks vary in
size and operational performance, ranging fromlsingit trucks to multi-unit tractor trailers. In
the United States truck travel has increased by 20@ percent as measured by vehicle miles of
travel (VMT) while the overall VMT has increased bgly 137 percent since the year 1970 (
2). Truck data was compiled by the National CefderStatistics and Analysis (NCSA) of the
National Highway Traffic Safety Administration, vahi is part of the United States Department
of Transportation3). Reports of truck data for the years 1995 thho2§04 showed the total
number of registered trucks and truck vehicle mik#avel. Figure 1.1 and Figure 1.2 present
the distribution of these parameters and their ¢now
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Figure 1.1: Distribution of the total number of istgred trucks



230,00

220,00

210,00

200,00

190,00

Vehicle Miles of Trave

180,00

l?0,0Gn ’_‘ T T T T T T T T T

1995 1996 1997 1998 1999 2000 2001 2002 2003

2004
Year

Figure 1.2: Distribution of truck vehicle miles ével

In addition to these truck traffic data, crash daban NCSA showed that the number of
overall fatalities and truck involved fatalities shéeen increasing over the years. Florida
contributed an average of about 8% of the fatalittethe United States. Table 1.1 shows the
statistics of fatalities in the United States amariBla. The continued growth of truck traffic on
urban limited access roadways, coupled with theesmed duration of congestion on these
roadways, have raised concerns on the effect ak$ron safety and operational efficiency of
these roadways. Some researchers argued thatdieased truck traffic on freeways has not
only degraded the quality of operations and thectaral integrity of the pavements, but has also
lessened the level of safety on freewal)s (

Table 1.1: Total fatalities in the United Stated &forida

Year 2001 2002 2003 2004 2005
Total fatalities in US 42,196 | 43,005 | 42,884 | 42,836 | 43,443
Truck Involved in US 4823 4587 4721 4902 4935
Total fatalities in Florida 3,012 3,136 3,169 3,244 3,543
Truck Involved in Florida 365 376 365 377 406

Due to these concerns on truck traffic operatiom$ safety, there have been efforts to
reduce the effect of truck traffic on limited acgebighways. Methods that have been
implemented include improvements in highway desilja,introduction of operational strategies,
and the use the intelligent transportation systdrhe.improvements in highway designs include
modifications to highway geometrics, reconstructiog upgrading existing structures, and
changes to design standards to accommodate the wéddicks. Operational strategies that
have been implemented include the management ok tmaffic using the existing highway
facilities. These strategies include weight resbits on bridges, the introduction of express
truck lanes through toll plazas, speed restrictifmmstrucks, truck route restrictions, and truck
lane use restrictionssy



The use of intelligent transportation systems $® @nother method that has been used to
improve traffic operations and safety on highwaysick weigh in motion stations are one of the
applications that improve the operational aspe@ bighway. The proposed Advanced Vehicle
Control and Safety Systems, Commercial Vehicle rmfation Systems and Network are other
truck related strategies that are under researthese strategies are expected to improve
communication and vehicle operations, and therehgrove the transportation efficiency and
safety.

One of the strategies of interest in this studyhes truck lane restriction. Truck lane
restrictions have been implemented on many limdedess highways, and even on arterials
roads, for the purpose of improving efficiency aadety. Florida is one of the States that has
implemented this strategy. However, the effectigsnef this strategy has not been adequately
documented, hence, the motivation of FDOT for tesearch. The efforts made in this study are
expected to give FDOT a better understanding ofetffieacy of truck lane restrictions, and
provide recommendations for the development ofcydlbr the use of this strategy.

1.2  Objectives and scope

The implementation of truck lane restrictions asrtige country has been predicated on a
perceived principle that the restriction of trudks certain lanes of an urban limited access
highway would reduce crashes and increase the té\wsadrvice. The objective of this study was
therefore to conduct a study that would explain ¢ffect of truck lane restrictions on urban
limited access highways. This would be achievedoesforming a before-after study of these
types of highways in Florida and later conduct taitlsd modeling of crashes. The hope was to
identify the factors that contribute to crash ocence in areas with or without truck lane
restrictions. The geometric variables of interestude the length of highway segments, the
number of lanes, the number of interchanges, thebeu of on and off ramps, lane widths,
shoulder widths, the presence of a truck laneiotisin, and the presence of a high occupancy
vehicle (HOV) lane. Traffic variables likely to Ioknce the effectiveness of a truck lane
restriction include the average annual daily tcaffolume (AADT), the percent of trucks, and
operating speeds.

It is clear that driver behavior is generally a onagausative factor in the occurrence of
crashes on any highway. While all urban roadwayi@es that were to be considered in this
study were in the State of Florida, it can be adgiit driver behavior is not uniform across the
state, and that there are regional differencese difallenge in this research was to determine
social, economic, and ethnic factors that mightlarpregional differences, if any, in crash
occurrence.

The safety analysis reported herein combined withoagoing operational analysis of
truck lane restricted corridors in Florida, is likdo give a comprehensive understanding of
traffic dynamics in urban areas. This understagpdémould lead to the development of
guidelines for deciding which urban highway corrglocan benefit the most from the
implementation of a truck lane restriction. Fie&View of all urban freeway sites, combined
with simulation, would be used to propose recomragods for use by the Florida Department



of Transportation to develop statewide policy omckr lane restriction. The roadway
characteristic inventory (RCI) field handbook categes urban areas ranging from small urban
areas to metropolitan area®).(This study was limited to limited access roadsvégcated in
metropolitan areas only.

1.3  Methodology

In order to accomplish these objectives, a researethodology was established was
developed. Two of main purposes of this develophegresearch methodology were to ensure
that the proper amount of information was obtaif@dthis study, and appropriate procedures
were established to conduct the analysis. The rdetbgy included the following: creation of a
database, field data collection and verificatioglesting statistical methods, and choice of the
software to be used.

1.3.1 Database creation

The creation of a database was a significant aedssary effort for this study. Within
this database all the data that would be requicedahy analysis to be performed would be
recorded. The main elements of the database wash cata, geometric data, and traffic data.
The total number of crashes on all urban limiteceas highways was located in the crash data
element of the database. These data were obthioedthe CAR (Crash Analysis Reports)
database which is maintained by FDOT. In additiontlte total number of crashes, several
categories of crashes and their causes are codtaitieis database.

In addition to the crash data, geometric and tadfata were also extracted from the
CAR’s database. However, this was not the mairrceowof this type of data. Additional
geometric and traffic data were also obtained ffleOT. The information sources included
traffic CDs, online traffic data, straight line drams, interchange reports and video logs. The
collection of all these types of data assistechendhoice of software to be used for the analysis.
The type of data to be used in this study was amtd the type of data used by other researchers
in past.

1.3.2 Field data collection

Geometric data collected from the different soured recorded in the database needed
to be verified for the purpose of adding any miggilata element. Therefore, a field trip to all
urban limited access highways in Florida was magdddecember 2005 in order to verify the
existing database information and collect dataaimy missing elements. This verification and
additional data collection had to be completedheydnd of the year 2005 since that was the year
of the crash data to be used in the crash prediotiodel, which is discussed in detail in chapter
5. The main data that needed to be verified infiblel were the location of the truck lane
restriction corridors, the location of the HOV lacerridors, speed limits, the number of lanes
and the location of any construction activitiesttbauld affect the analysis of the highway
segments. The data collected during the fieldwpe then compared to the data in the database
and updated accordingly. Highway segments in witchstruction activities were observed
during the field trip were eliminated from analy$es avoid unusual variations in traffic and



driver behavior in the analysis. Truck lane resic corridors were observed on Interstate 95,
Interstate 75 and Florida’s Turnpike. These corsdre shown in Table B-2 in Appendix B.

1.3.3 Statistical analysis methods

The collection of the various types of data to Beduin this study led to the choice of
software and the statistical analysis to be usethis study. The first method of statistical
analysis selected was before-and-after analysis. tfhe of analysis determines the effect of a
truck lane restriction by comparing crash occuresnbefore the imposition of truck lane
restriction to crashes occurrences after the otistni was imposed. From this type of analysis
method a simple, but direct, answer on whethettrilnek lane restriction was successful or not
can be deduced.

Another method of analysis selected is referreégoa crash prediction model. This
method besides providing a simple answer to theesscor failure of a truck lane restriction can
also identify the effect of other variables on trascurrence. Since crashes are rare events, the
proper statistical distribution must be used in phhediction model. One of the basic statistical
distributions used to model rare events is thed@oiglistribution. However, this distribution has
a basic assumption that requires the mean and d@nence of the data to be equal. An
observation of the crash data collected for thersegs showed that the basic assumption for the
Poisson distribution assumption was not met. Thegethe search for another distribution to be
used in a crash prediction model was performed antegative binomial distribution was
selected. The negative binomial distribution modak used to produce conclusions regarding
predicted crashes and the effects of traffic, gggmand social economic characteristics. The
modeling was accomplished using the STATA statsoftware package which was developed
by the STATA Corporation. STATA has a graphical rusgerface that allows for almost all
commands to be accessed by pointing and clickimglittonally, STATA allows users to enter
their own commands, which makes the task of findiegright command by point and clicking
easier.

These two statistical analysis methods—before-dtea-amethod and the negative
binomial model—were used to make conclusions oneffects of a truck lane restriction on
urban limited access roadways in Florida. Thes¢hoas will lead to the confirmation or
rejection of the hypothesis that there are geometperational, and driver behavior factors that
can lead to the success or failure of a truck fasg&iction on a limited access highway in terms
of operational efficiency and safety.



CHAPTER 2

LITERATURE REVIEW
2.1 Overview

Improvements to highways are not made based onltherstructural condition of the
pavement or geometric features of the facility.ptavements are frequently made based on how
drivers react to these conditions and features.inguthe 1950’s when freeways were first
constructed {), they became the primary means of transportdtorpeople and goods across
the country. Freeways were expected to be efficeemd safe. These freeways were
characterized by higher standards for structurafngetric and traffic operational elements.
Having produced these freeways, the expected owawsas efficient roadways operating well
and safely. However, these freeways did not preducat could be called “a perfect ride”, i.e.
there were operational and safety problems.

Over the years a lot of research has been condiwtddtermine the factors that cause
these operational and safety problems, and to dpv&rategies to improve them. In general,
factors that affect the operation and safety oévra@ys and tollways can be separated into two
basic categories: (1) natural factors caused lyatic or environmental conditions, and (2) man-
made factors such as traffic flow conditions andrngetric features. Some of these factors, both
natural and man-made, can be reduced directly bgifgmog operations, and others reduced
indirectly by using more advanced techniques td fiays around them.

Weather, environmental and lighting conditions faictors that are fixed and can not be
modified. However, there are some advanced teogresd, Intelligent Transportation Systems
(ITS), being developed to allow drivers to overcoaremitigate these types problent ©).
Roadway geometric features are fixed elementsfa€iity that are designed based on the traffic
and other conditions at the time. Traffic flow cdrmahs are based on drivers in mobile vehicles
units that can be controlled by regulatory signghals and markings and other devices. Since
geometric features also affect traffic flow conolits, it is worth discussing first, methods for
improving traffic flow conditions, and thereby, spgons and safety on freeways and tollways.

A detailed literature review was conducted usingiots sources, such as published
studies, unpublished studies and other reporisbtain information on the management of truck
traffic, truck safety, and the operational aspeétguck lane use restrictions. At the end of this
chapter, a summary of this literature review isspreed. This summary gives an overview of
the results reported from the different studies i@pmebrts on the implementation of truck lane use
restrictions.

A number of these studies have addressed issugsialf traffic operations and truck
safety. These studies have been motivated by thd growth in truck traffic on these roadway
systems. During the 1950’s when freeways were fisistructed, they became the primary
means of transportation for both people and gotusecent years there has been dramatic



growth in truck traffic. This growth has promptadconcern by roadway users for both the
operational efficiency and the safety of theselifaas.

2.2  Effects of trucks on operations and safety

One of the main concerns with the growth in trueiffic is the effect on the operational
efficiency of roadways. Some of the operationakabgeristics that are altered by the presence of
trucks on freeways and tollways are travel timesesl) headways, and the Level of Servige (
10, 11. A number of authors have completed studies esdlaspects, either by observation of
the performance on existing limited access faesitor by using computer simulations. These
studies report on the effects of trucks on theadways.

The operational effect of trucks is demonstratedhim analysis of level of service for
freeways. The Highway Capacity Manual (HCMJY) introduces an adjustment factor for heavy
vehicles which includes trucks, buses and recreakieehicles (RV). Since there is no evidence
of a distinct difference in the performance of ksi@nd buses, they are treated identical in the
analysis. However, RVs are considered differenhftaucks and buses, but still part of the heavy
vehicle factor. Equation 2.1 shows the adjustmaontor for heavy vehicles as presented in the
HCM.

1
foy = 2.1
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where E; and E; are passenger car equivalents for trucks/buseseaneiational vehicles in the
traffic stream, respectivelyR and P, are the proportion of trucks/buses and recredtiona
vehicles in the traffic stream, respectively; ahg is the heavy vehicle adjustment factor.

As expressed in the above equation, the highepéheentage of trucks, the smaller the
adjustment factor. This will increase the floweran the traffic stream and thereby, affect the
level of service of the freeways which is dependenthe density.

A safety study on the New Jersey Turnpik@)(compared car only lanes with mixed
flow truck and car lanes. The study was conductedextions located on the northern part of the
turnpike. The first section was between interclesnt0 and 11, which is about 2.5 miles. The
other section was from interchange 11 to 13, wischbout 5.3 miles. This facility is a dual —
dual facility where the inner lanes are dedicamdplassenger cars and the outer lanes are for
mixed traffic, i.e. passenger cars and trucks.tRese sections the inner lanes were three lanes
and the outer lanes were four lanes.

The analysis of crashes for this facility foundréhevere more crashes in the outer lanes
with mixed traffic than in the inner lanes with thassenger cars only. Another finding was that
the most frequently occurring crashes were sidessvgn both the inner and outer lanes. More
sideswipes occurred in the outer lanes than inirther lanes. Crashes involving the collision
with objects occurred more often in the inner lathes the outer lanes. Another observation was
that rear end collisions occurred more frequentlyhie outer lanes than in the inner lanes. This



higher frequency of rear end collisions in the olémes were thought to be the effect of the
wider speed variation and the more unstable traffitditions in these lanes.

The operational analysis for this facility was coogkd using the computer simulation
software VISSIM. The researcher evaluated the appanpact of grade on entrance and exit
ramps. To ensure an adequate measurement of gapmwit thoroughly examine truck
deceleration and acceleration, a 20 mile simuléteglway section for truck only was used. To
calibrate this model, truck performance modelingl amuck facility modeling was used. The
analysis divided the terrain in two groups; graflesn O to 2 for lightly rolling terrain and
grades from 2 up to 4 for steeper rolling terrdihe results showed that the maximum truck
capacity achieved was 1475 trucks per hour perdacdethe lowest capacity was 1025 trucks per
lane per hour at the highest grade (4 percent jrade

In another study in Virginia, a task force was fednmto conduct a comprehensive
examination of the causes of large truck crashespatential solutions to address these causes
(13). The goal was to identify engineering and tedbgy measures that have the potential to
improve large truck safety. Solutions to improveck safety were divided in three categories:
Intelligent Transportation Systems (ITS) solutionsaffic control solutions, and geometric
design solutions.

One ITS solution was a truck speed advisory systehich detects and evaluates the
speed of trucks and informs the driver if they wieeling too fast for the current conditions.
Another ITS solution involved traveler informationTruck drivers are given information on
congestion, weather or other conditions of the rad@ad. This gives truck drivers the
opportunity to make real time route decisions basedictual road conditions. In vehicle ITS
systems were also found to be solutions for imprgviarge truck safety. These involved
collision avoidance technology, driver conditionrmiag systems, fleet management systems
(driving log recorders) and vehicle safety systems.

Traffic control solutions involved the use of rumbstrips, lane use restrictions and
proper signal phasing. Geometric design solutiwese the introduction of truck escape ramps,
improvements to parking facilities and road sataiylits.

A survey of the Virginia Department of Transpomati(\VDOT) personnel was made to
determine existing measures being used to imprangee ltruck safety. Similar to the suggestions
made by the task force, VDOT personnel used ITShaust, geometric design methods and
traffic control methods. However, an additional sw@a being used was
organizational/coordination improvements. This iwed reports from districts that includes
information on complaints about truck speeds, vasrand noise levels. This was an effort to
provide the Virginia Trucking Association with infoation on truck operations in an area before
a potential problem arose.

Results from the task force were divided into thcategories: areas of consensus, areas
of confli