Evaluating the Effectiveness of Various
Truck Lane Restriction Practices In
Florida—Phase I

Volume 3—Evaluation of Truck Lane
Restriction on Non-Limited Access Urban
Arterials

Final Report
Project No. BD 543 RPWO 10

Ren Moses, Ph.D., P.E.
Department of Civil Engineering
FAMU-FSU College of Engineering
2525 Pottsdamer Street, Room 129
Tallahassee, FL 32310

November 2007



DISCLAIMER

The opinions, findings, and conclusions expregsdais publication are those of
the authors and not necessarily those of the St&ilwrida Department of Transportation.
METRIC CONVERSION FACTORS

1ft=0.3048 m
1 mph = 1.609 km/h



TECHNICAL REPORT DOCUMENTATION PAGE

1. Report No. 2. Government Accession No. 3. Recipient's Catalog No.

4. Title and Subtitle 5. Report Date

Evaluating the Effectiveness of Various Truck L&testriction

Practices in Florida—Phase |l November 2007

Volume 3—Evaluation of Truck Lane Restriction om{Nonited 6. Performing Organization Code
Access Urban Arterials

7. Author(s) 8. Performing Organization Report No.
Ren Moses, Gary Price, and Judith Mwakalonge

9. Performing Organization Name and Address 10. Work Unit No. (TRAIS)
Department of Civil Engineering

FAMU-FSU College of Engineering 11. Contract or Grant No.

2525 Pottsdamer Street, Room 129 BD-543-10

Tallahassee, FL 32310

12. Sponsoring Agency Name and Address 13. Type of Report and Period Covered
Florida Department of Transportation Final Report

605 Suwannee St. MS 30 December 2004 to November 2007
Tallahassee, Florida 32399 14. Sponsoring Agency Code

(850) 414-4615

15. Supplementary Notes
Prepared in cooperation with the USDOT and FHWA

16. Abstract

The commaodity pick-up and delivery activities irban areas have led to an increase in truck traffi
urban roadways raising safety and operational cosce A number of strategies for managing truckseh
primarily been implemented on interstates highwalse perceived success of truck lane restrictiofreeways
have led to increasing demands from the publihifgihway agencies to institute similar measuresamlimited
access arterial streets. The review of Statetsgtpolicies, and practices have so far revehlatfive States—
Alabama, Delaware, Florida, Georgia, and New Jerdeve roadway sections on non-limited access highy
with truck lane restriction. However, the litenagisearch revealed that the efficacy of truck lastrictions on
non-limited access highways has not been thoroughigied. The objective of this study was themreft
evaluate the influence of various geometric, tcaifind signalization factors that might affect éffiectiveness of
truck lane restrictions on non-limited access higysy primarily urban arterial roadways with a dSligaint
amount of truck traffic. VISSIM simulation softweamwas used to evaluate operational and safetyteftéca
truck lane restriction by varying parameters relatethe restriction. A 5-mile section of SR 70Fart Pierce,
Florida was selected for simulation analysis. Awnek consisting of 22 roadway sections with 12dnslized
intersections was simulated. The results of varisimulation scenarios showed that restrictingksuo the
right lane does not have deleterious effects coetptr no restriction. In fact, restricting trudksthe right lane
could improve travel speed on the highway corriéddthough not by much. However, restricting trutkghe
left lane or to the center lane would cause exgeskine changing, reduced travel speed, increaseded
lengths, and increased stopped delay. The impasiti a truck lane restriction increases the spiffdrence
between cars and trucks and also increases lamgiogamaneuvers. This phenomenon is likely toaase
vehicular conflicts in real life but the extentwdiich these operational and safety implications @yagly needg
to be studied in the field.

17. Key Word 18. Distribution Statement
Truck restriction, highway safety, crash modeling. |No restrictions

19. Security Classif. (of this report) 20. Security Classif. (of this page) 21. No. of Pages | 22. Price

Unclassified Unclassified 161

Form DOT F 1700.7 (8_72)



ACKNOWLEDGEMENT

The authors wish to acknowledge the support asidtaace of Project Manager
Fred Heery of the FDOT Traffic Operations Office.



EXECUTIVE SUMMARY

Background

Trucks are heavier, longer, wider, and less magrelle than passenger cars.
While traveling on arterial roadways, trucks poseuanber of problems. Large trucks
may hinder the visibility of signs and signals faptorists in small vehicles following
behind them. Because of the larger physical dimess trucks also encroach on
adjacent lanes when trying to complete turning rogees on narrow intersections. In
addition, trucks can create queues when using ragslwith fewer and narrower lanes
because drivers of passenger cars are less lidaydcute passing maneuvers. All these
problems have a negative influence on the operaitiand safety performance of arterial
roadways.

The need for a study of truck lane restrictionshon-limited access highways is
further heightened by the fact that most studiesuating truck lane restrictions were
conducted on limited access highways. The liteeateview conducted as part of this
research did not find any study that analyzed ffieagy of truck lane restrictions on
non-limited access highways. Thus, prior to theplementation of any truck lane
restriction strategy on Florida non-limited acckgghways it is imperative that the likely
effects of such decisions be analyzed through efufr designed simulation study
supported by a comprehensive review of theory aadtige in other states.

Objectives

The understanding and predictability of the likeperational and safety effects of
truck lane restrictions on non-limited access higisvrequire evaluating several lane
restriction options—i.e., should trucks be resgdcto the outermost left lane, right lane
or center lane on roadways with three lanes indireetion? Should trucks be restricted
to the left lane or right lane on roadways with tl@aes in one direction? Also, on
roadways with three lanes in one direction, thaassf how many through lanes should
be restricted needs thoughtful evaluation. Furnttoee, recommendation of the suitable
time of day for restricting trucks to certain larreguires evaluating various factors that
affect traffic operations. These factors inclutie distribution of the traffic volume
between the lanes and the proportion of trucksiwithe traffic stream. In accordance
with the overall goal of the project, the objectigé this study was to evaluate the
influence of various geometric, traffic, and signafion factors that might affect the
efficacy of truck lane restrictions on non-limitetcess highways, primarily urban
arterial roadways with significant truck traffic.

Findings and Conclusions
Consistent with the literature review results whilowed that trucks can be

restricted to the left or right lanes, four simidatscenarios were identified and analyzed
both as a corridor and as a network. The no odisini scenario that currently exists on



SR 70 and three alternative restriction scenariesevbuilt into a VISSIM simulation
model. The three restriction scenarios had trueksricted to the right, center, or left
lane in the 3-lane section of SR 70. The resultshe corridor analysis indicated
restricting trucks to the right lane reduced tratrele when compared to the existing
scenario of no restriction. The savings in tratrele were found to be statistically
significant. The results showed the average trapeled of passenger cars increased
when trucks were restricted to the right lane. a&herage truck travel speeds decreased
following the restriction, but statistical analysisowed the decrease was not significant.
The corridor analysis results further showed restig trucks to the center lane or to the
left lane diminished roadway operational perforneandhese two restriction scenarios
were associated with increased travel time, dedayl reduced travel speed for both
passenger cars and trucks. The analysis showetesiecting trucks to the left lane had
the most undesirable results due in part to the tfet trucks must access driveways
located on the right from the right lane. Thu®ytinave to change lanes to access these
driveways.

The network simulation results mirrored corridanslation results showing that
restricting trucks to the right lane improved is&etion performance by reducing queue
lengths and total stopped delay. However, when rédseilts were disaggregated to
individual roadway segments, the analysis revealedclear travel time pattern on
roadways with or without a lane restriction. Thigyht be attributed to the route choice
parameter specified in the dynamic traffic assigntmmeodeling. The network results
further showed the average speed of trucks deatesitle the imposition of a truck lane
restriction. This decrease was especially pronedrat high truck traffic volumes, i.e.,
over 25 percent of the AADT.

Similar to the corridor analysis, surrogate measwte safety in the network
simulation revealed a reduction in the number afelachanges when trucks were
restricted to the right lane. An increase in thenber of lane changes was noted,
however, when trucks were restricted to the lefelar center lane compared to the base
simulation scenario of “no restriction”. This gamthe surrogate measure of safety is
counterbalanced, however, by the increase in tHereintial speed between cars and
trucks, as well as the differential speeds betweavel lanes. Detailed analyses of the
results showed that the differential speeds betweticles and between lanes for the
“no restriction” scenario were lower than any o tlestriction scenarios.

Benefits

The results of this study will assist the Floridagartment of Transportation in
understanding the consequences associated withimifpeementation of truck lane
restrictions on non-limited access highways. Fxangple, implementing truck lane
restrictions on roadways with only two through lene each direction and where
bottlenecks exist is operationally detrimental ahduld be avoided. While there might
be some benefits associated with trucks beingicesdrto the right lane, it should be
noted that these benefits apply to roadways witrssly spaced driveways. It should
further be understood that restriction of trucksthe left or center lane of arterial

Vi



roadways should not be considered for implemematiéd\lthough field validation of
these results is desirable, it is neverthelessilplest®o use the results of this study in the
planning and operational analysis of urban artstigets.
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CHAPTER ONE
INTRODUCTION
1.1 Background

Unlike passenger cars used to transport peoplekdrare primarily used for the
bulk movement of goods. In urban areas, truckiogviies include the pickup and
delivery of goods, supplying home and office neé&@sh collection, and delivery of mail
and packages. To perform the function of carryirgght, trucks are generally made
wider, higher, heavier, and longer than passengex. cTheir larger physical dimensions
limit their highway operational abilities, espebyain negotiating sharp turns or curves.
Also, due to their high weight-to-horsepower ratitarge trucks have lower
acceleration/deceleration capabilities and reglarger stopping distance compared to
passenger cars. The performance and physical ¢bassics of trucks and the growth of
trucks on urban roadways across the nation havengiise to the need for managing
truck traffic on these roadways.

Numerous strategies for accommodating trucks omdways have been
implemented in several states in the United Stiktesmany years. Some of these
strategies include implementing truck lane resong, dedicating certain lanes for use by
trucks only, and designating truck routes to altihver routes to be rendered inaccessible
to large trucks (1). Besides restricting trucks route or by lane, other restrictions
practiced by different states include restrictignabtruck’s gross weight, by speed, and
by time-of-day (2). The review of literature andagtice indicated that a truck lane
restriction is the most common type of truck tr@affnanagement implemented although
implementation occurs more on limited access higlswdnan on non-limited access
highways. This may be attributed to the fact timaited access highways are designed to
higher standards, carry more traffic at higher dpesnd serve longer trips compared to
non-limited access highways. Some research stidies shown that truck restrictions
improve traffic operation and safety, decrease peve¢ wear, and increase driver
comfort (3).

On non-limited access roadways, truck lane rdgiris are commonly seen on
climbing lanes where truck traveling at crawl speed separated from regular traffic.
Also, on roundabouts with double lanes, trucksraggricted to travel in the outer lane
because the inside lane generally does not hage tarning path desirable for trucks.
Truck lane restrictions can also be found on bsdghere it is sometimes desirable to
restrict heavier trucks in order to increase britiige In addition, truck route restrictions
are sometimes placed on arterial and local roadbviert trucks from highly congested
urban streets or to limit trucks on roadways widometry inadequate to accommodate
large trucks.

However, review of theory and practice showed #uahe jurisdictions seem to
have implemented truck lane restrictions on arferad local roads with a significant
number of heavy trucks, such as tractor-traileeg trave difficulty performing certain



types of maneuvers such as U-turns, right turnd,lefih turns, in order to improve safety
and efficiency of traffic operations. The implensidan of a truck lane restriction on
arterial roadway raises concerns about operatiodssafety. Some of these concerns
include: (1) Where should the restriction be rethfa turning trucks in the vicinity of an
intersection without affecting operations?, (2) Whlanes should be restricted for truck
use to improve operations and safety (left lanight lanes, or even center lanes)?, and
(3) What sign design and locations should be udedgathe restricted roadway to
provide a clear and concise message without cawsinfusion to through trucks and to
facilitate enforcement of the truck restriction?

Florida has truck lane restrictions implementedboth limited access highways
and non-limited access roadways. On access lintitgdways, the practice was first
implemented in 1982 on 1-95 in Broward County asna year experimental study on a
25-miles section with six lanes (1, 2, 3). In thigdy, trucks were prohibited from using
the left (inside) lane from 7:00 A.M to 7:00 P.Mhe analysis of performance indicated
benefits in both safety and operations; hencerdbtiction was extended to 24 hours a
day in November 2004. Since then, truck lane ictgins on limited access highways in
Florida have been extended to sections of 1-9%,lahd the Homestead Extension of
Florida’s Turnpike (HEFT). On non-limited accessadways, truck lane restriction
exists on a 2-mile stretch of US 27, in the City hvana in north Florida. This
restriction, imposed in 1989, requires trucks te tre left lane only in each direction of
this four-lane highway. The restriction was impb$e improve pedestrian safety and
comfort which was compromised prior to the reswittbecause of the close proximity of
sidewalks and buildings to the roadway.

1.2 Problem Statement

Trucks are heavier, longer, and wider and lessennagrable than passenger cars.
While traveling on arterial roadways, trucks poseuanber of problems. Large trucks
may hinder visibility of signs and signals for masts in small vehicles following
behind. Also, the larger physical dimensions aiclts cause them to encroach on
adjacent lanes when trying to complete turning maees. In addition, trucks can create
gueues when using roadways with narrow lanes beddsers of passenger cars can not
or are reluctant to drive parallel or pass themeesily during peak hours. These
problems have a negative influence on the operaitiand safety performance of arterial
roadways.

The need for a study of truck lane restrictionshon-limited access highways is
further supported by the fact that most studieduatilmg truck lane restrictions were
conducted on limited access highways. The liteeateview conducted as part of this
research did not find any study that analyzed ffieagy of truck lane restrictions on
non-limited access highways. Thus, prior to thelementation of any truck restriction
strategy on Florida non-limited access highwayss itnperative that the likely effect of
such decisions be analyzed through a carefullygdesi simulation study supported by a
comprehensive review of theory and practice in ostates.



1.3  Objective of Study

To understand and predict the likely operatiors safety implications associated
with the implementation of truck lane restrictiom mon-limited access highways requires
evaluating whether trucks should be restrictedh® dutermost left lane, right lane or
center lanes in case of three travel lanes in ametbn or restriction to the left lane or
right lane of two travel lanes in one directionls@ in case of roadways with three travel
lanes in one direction, the issue of how many thholanes should be restricted needs
thoughtful evaluation. Furthermore, recommendatbrthe suitable time of day for
restricting trucks to certain lanes requires evatgavarious factors that affect traffic
operations such as the distribution of traffic vokiand proportion of trucks within the
traffic stream. Consistent with the overall goatle project, the objective of this study
was to evaluate the influence of various geometratfic, and signalization factors that
might influence the efficacy of truck lane restioct on non-limited access highways,
primarily on urban arterial roadways with signifitamount of truck traffic.

1.4  Study Layout

Following this brief introduction, the remainderf this research report is
organized as follows. Chapter Two reviews the pepractice, and policy related to
truck lane restriction on non limited access higysvaAlso, the review of typical land
use, geometrics, and traffic composition on artesieeets is reported in Chapter Two
given that these factors will have significant lneguon the design of the simulation plan.
Chapter Three describes the methodology used iforpeng this research study
including data acquisition and simulation modelin@hapter Four discusses model
calibration and validation while Chapter Five foesison the analysis of results for
various restriction scenarios. The implicationstioése study results to the Florida
Department of Transportation are discussed in @nafix while conclusions and
recommendations are presented in Chapter Seven.

Appendix A of this research presents types of codities shipped in the U.S.
Appendix B presents the questionnaire sent to uarimcal and state transportation
officials. Appendix C presents the results obtairfesin the survey questionnaire
including the list of respondents. The photographges acquired from site visits to
various locations with a truck lane restriction presented in Appendix D. Appendix E
contains the summary of state statutes relatedit tane restrictions. The signalization
data are presented in Appendix F. The field datéected for use in calibrating the
simulation model are presented in Appendix G. Awlye H summarizes the simulation
outputs for SR 70 and Appendix | presents the sumzedh simulation outputs for the
network.



CHAPTER TWO
LITERATURE REVIEW
2.1 Purpose and Scope

To sufficiently understand and predict the likejyecational and safety effects of
truck lane restrictions on non-limited access higisy a comprehensive review of
literature was conducted. An extensive review wblighed and unpublished research
papers and reports was conducted. The reviewialstved determining the state of the
practice regarding truck lane restrictions on nonited access highways across the
country, as well as, reviewing state policies aegufations related to truck lane
restrictions on arterial streets. A detailed syrgaestionnaire was synthesized to solicit
information on the policies and practices exisimgifferent states.

Furthermore, the knowledge of truck movements dbagetheir typical activities
in urban areas was vital in understanding the immdctrucks on urban highway
operations. Truck movement information was acguirgough a comprehensive review
of literature and the review of long range tranggayn plans from around the country,
particularly in the St. Lucie and Fort Pierce ar&mnce the modeling of truck movements
in an urban highway network would inevitably invelgpecifying truck trip generation
rates from various land uses, it was importanttoew the land use characteristics and
their influence in generating and attracting trar@fic along a highway corridor. Given
that a truck lane restriction is not a panaceaas important to also review other existing
and innovative strategies for managing truck teaffiurban areas.

2.2  Types of Goods Movement in Urban Areas

Freight transportation is essential for the groaftany economy. The increase in
truck traffic volume in urban areas is attributedthe increase in commodity flow in
these areas. Among land transportation modekdrinansported 88 percent of all goods
traded in North America in 2005 (3). Trucks transpimoth raw/bulk and processed
goods. Raw goods are transported from the farnmdastry or from one industry to
another, while processed goods are transported ifidostries to distribution centers like
gas stations, supermarkets, and shopping centeescdmmodity flow survey summaries
these goods into 43 categories as presented inndppA (4).

The survey on commodity flow in North America wamducted in 1993, 1997
and 2002 through a study sponsored jointly by th®. Department of Transportation,
Bureau of Transportation Statistics (BTS), andth8. Census Bureau (4). The survey
results indicated that in 2004, trucks carried #®8efcent of total exports to Canada and
81.5 percent to Mexico, whereas trucks carried pértent of total imports from Canada
and 82.2 percent of imports from Mexico. Nationallge survey concluded that trips
resulting from commaodity flow were increasing frgmar to year. It can be hypothesized
that some of these truck trips use non-limited ssedeghways located in urban areas.



In the State of Florida, the survey found that keucarried 79.4 percent of total
tonnage of freight originating from Florida. Sedemmmodities were identified as
shown in Appendix A, and the data indicates thstiles, leather, and articles of textiles
had higher shipment miles followed by tobacco potslu Nationally, however,
manufactured goods seemed to have higher shipmies. mEven though the survey
report did not distinguish between urban and raashmodities, the review of literature
suggests interconnectivity of trips between rural arban commodity flow.

2.3  Type of Land Use along Arterial Streets

Land use can be defined as the way land is develapd used in terms of the
types of activities allowed by the local governmergoning laws, i.e., agricultural,
residential, industrial, and others. The size wfdings and structures that are permitted
to be built along an arterial street also defimedlaise along the street. In any major
urbanized areas, truck trips may be through tripgips originating from or ending at a
particular land use on an arterial street. Itlsacthat each land use generates trips
differently and it can be surmised that trips gatext per land use is site specific. Thus,
a complete understanding of the numerous landlikedyg to be located along an arterial
street is vital to a study of truck lane restringo This includes the trips generated per
land use and their variations within the time of,d#ay of week, and season.

The Institute of Transportation Engineers Manuaégarizes land use types into
ten groups (5). These groups are further categwriato sub-groups. The number of
sub-groups per land use varies widely. Howevereational and retail land uses have a
large number of sub-groups, whereas, medical adding land uses have the least
number of sub-groups. Table 2.1 shows the ten lsed with a few of the existing sub-
groups.

Table 2.1: Land uses

Number Land Use Type Land Use Sub-Groups
1 Port and Truck terminal, commercial airport, water port/nmar
Terminal terminal

2 Industrial Industrial park, manufacturing, warebimg, utilities

3 Residential Apartment, mobile home park, condamm rental
townhouse

4 Lodging All suites hotel, motel, resort hotelsmess hotel

5 Recreational Golf course, live theater, casioo, athletic club

6 Institutional High school, church, prison, libyacemetery, lodge

7 Medical Hospital, nursing home, clinic

8 Office Government office building, office park)JS post
office

9 Retail Apparel store, supermarket, nursery (giardenter)
new car sales, specialty retail center

10 Services Walk-in bank, drinking place, gasdinevice station




Trips generated are expressed in rates per ungurea The unit measures of the
generated trips can be per acre, per number ofcgmgs, per square feet of gross floor
area, per parking space, and per storage unitperigkéng on the land use type, several
unit measures can be used per land use. Gendtadlyreview of literature found that
trucking and warehousing activities of industriahd uses have the highest truck trip
generation rates.

Furthermore, research conducted by FHWA (6) on ceroral truck pickup and
delivery (PUD) activities in urban areas reviewe@st generated from three land use
types. The land uses studied were commercialceyffand industrial derived from
various parts of North America. The truck pickupdaselivery trip rates reviewed on
these three land use types revealed some integessults relevant to the study reported
herein. The research results showed that indusémal uses had more PUD truck trip
rates per employee followed by commercial land ases thereafter, office land uses.

2.4  Types of Trucks Carrying Urban Freight

A truck is a motor vehicle generally used for t@ovsing goods rather than
passengers. Trucks vary in size from automob#eesipickup trucks, to towering off-
road mining trucks, to heavy highway semi-trailencks. A truck’s definition and
categorization depend on the intended use. Somdiest define trucks as any
commercial vehicle that is not an automobile. theclude any vehicle that has at least
two axles and six tires. Still others define trudkased on a minimum vehicle gross
weight (7). However, in transportation sectorscksiare defined and categorized based
on axle’s configuration, wheels configuration, amwdieight.

The review of literature revealed that the Berkeldynicipal Code (BMC) in
California categorizes trucks into four sizes whane further put into various classes
depending on the truck gross weight (8). In toldithe code further defines the tire
and axle configuration of each class. Table 2.2vshitve four truck categories along with
their characteristics. The review of literatureoatbiowed similar categories were used by
the Federal Highway Administration, although theghe categories are slightly different
(4). The FHWA categorization has one class unaght lirucks, four classes under
medium trucks, one class under light-heavy trueksl eight classes under heavy trucks
category.

Table 2.2: Truck classification in Berkeley Municpal Code

Descriptive | Class | Gross Number | Number | Representative Vehicles
Size Vehicle of Axles | of Tires
Weight
(Ibs)
Light 1 <6,000 2 4 Pick-Up, Van
2 6,000- 2 4 Step Van, Small Courier Van
10,000




Descriptive | Class | Gross Number | Number | Representative Vehicles
Size Vehicle of Axles | of Tires
Weight
(Ibs)
Medium 3 10,000- 2 6 Metro Van, Small Tow Truck
14,000
4 14,000- 2 6 Flat Bed
16,000
5 16,000- 2 6 Large Tow Truck, Stake Truck,
19,500 Package Delivery Van
Light- 6 19,500- 3 6 Single Unit Truck (30%), Moving
Heavy 26,000 Van, Beverage Truck, Home
Heating Oil Truck, Armored Car,
Mini Bus
Heavy 7 26,000- 3 10 Tractor/Trailer  (40"), Moving
33,000 Truck, Dump Truck, Transit Bus
8 >33,000 3 10 Tractor/Trailer  (50'), Moving
3+ 10 + Truck, Freight Truck, Concrete
Truck, Gravel Truck, Articulated
Bus, Greyhound Bus
Source: (8)

The review of truck classification in Florida foutttht like all other states Florida
classifies trucks using the Scheme ‘F’ vehicle gsifastion system required by the
Federal Highway Administration (FHWA) (9). Thremgps derived from Scheme F are
presented in Table 2.3. The data in Table 2 .3vshbe 2004 AADT along with each
vehicle class volume and percentage at varioustpamh State Route 70 which is
classified as an urban principal arterial. Thee¢higroups are single unit trucks,
combination trucks, and multi-trailer trucks. Frdmble 2.3 it is evident that each truck
type is used to carry urban freight though the propn of load carried decreases from
single unit trucks to multi-trailer trucks. Singlait trucks are a high percentage of the
trucks on urban arterials. This phenomenon caattsdbuted to the high pick-up and
delivery trips in urban areas which generally eng@ongle unit trucks (7). Single unit
trucks have less weight and dimensions so theysartable for pick-up and delivery
activities.



Table 2.3: Vehicle classification along SR 70

Single Unit
Passenger Vehicles Total Trucks Trucks Combination Multi Trailer
Trailer Trucks Trucks
Point of SR70 AADT % Volume| % Volume | % Volume | % Volume % | Volume
E. OF SR 9/1-95| 28000, 83.97 23511.6 16.04 4491.2 87 8. | 2483.6 6.91 1934.8 0.26 72.8
W. OF SR 9\l-
95 27500 | 79.3 21807.5 20.7 56925 9.9 27225 10.58873 | 0.3 82.5
W. OF SR
91/TPK 7000 81.1 5677 19 1330 12.3 861 6.6 462 0.1 7
SR 713/KINGS
HWY 7200 81.88 5895.36 18.11 1303.92 5.9 424.8 711.861.84 | 0.24| 17.28
E. OF
OKEECHOBEE
RD 19800 | 95 18810 5 990 4.1 811.8 0.9 178.2 0 0
W. OF SR 615 /
25TH ST 22500 93.96 21141 6.04 1359 4.58 1030.5 1 1{4317.25 0.05 11.25
E. OF SOUTH
13TH STREET | 29000| 95.51 276979  4.49 130211 2.08 3.60| 2.31 | 669.9 0.1 29
E. OF
SUNRISE
BLVD 29000 | 94.6 27434 5.4 1566 4.4 1276 0.9 261 0.129
W OF SR
5/US1 25000 97.11 24277)5 2.89 722.5 1.78 445 1{1277.5 0 0
Note: Passenger Vehicles = Vehicle Class 1 - 3 Combination Trailer Trucks = Vehicle Class 8 - 10
Total Trucks = Vehicle Class 4 - 13 Multi Trailer Trucks = Vehicle &s 11 - 13
E-

Single Unit Trucks =Vehicle Class 4 -7 East W-West

Note: Data extracted from 2004 FDOT Traffic CD
25 Characteristics of Truck Movement on Arterial Sreets

This section discusses various attributes of tnmckvement on arterial streets in
terms of their volume, trip length, origin and destion, and the time of day trucks
operates on these streets. All these truck charisiits are essential since they are likely
to be associated with roadway congestion and lefveafety prevailing on the roadway.
These characteristics are discussed in detailarfdtiowing subsections with the aim of
understanding how these characteristics can betifj@gdrand modeled in a simulation
model to evaluate the efficacy of truck lane reststns on non-limited access arterial
streets.

2.5.1 Volume of Trucks

The trucking industry plays an important role ire thational and regional economy.
However, trucks are responsible for most of theepaant damage, a sizable portion of
the air pollutants from non-stationary sources, andgestion (10). The trucks on
American roadways are generally wider, longer, @awand less maneuverable than
passenger cars. These truck attributes are lil@laffect safety and efficiency of
highway operations. Hence, the continued growttruwadk traffic on surface streets and




other transportation facilities requires the coesaion of prudent management
strategies.

A number of research studies argue that one ofdlses leading to the increase
in truck traffic over the last decade was the ldun€ the North American Free Trade
Agreement (NAFTA) in 1992 involving Canada, Mexiaod the United States. This
agreement has caused dramatic changes in the eg@r@htonsumer demand in each of
these countries with an increase in social and @oanactivities in urban areas (1, 11,
12). Also, the shift of many freight items fromlrand other transportation modes to
trucking, the changes in the economy and businessipes like just-in-time deliveries of
inventory items, population, and employment disiperdrave led to the increase in the
delivery of goods. In 2005, land-based modes aispartation carried 88 percent of
goods traded with NAFTA countries with trucks camgy the highest percentage of
freight by value, i.e. 62 percent (13). Reseatakies show that truck traffic increased
by 216 percent in vehicle-miles of travel (VMT) whthe population has increased by 33
percent since 1970 (12, 14).

Truck volumes along a roadway are influenced byousrfactors such as land use
types, roadway functional class, and the typeuwfitrestriction imposed on the roadway.
Land uses are the main truck trip generators &r example, the presence of a truck
rental company on a roadway will result in morekrvolumes along the roadway than if
a truck rental company was located elsewhere. ,Alsadways passing through an
industrial area will generally have higher truckluroes than roadways servicing
residential areas. The functional class of a r@dws mainly related to the traffic
carrying ability of the roadway. For example, fieg's belong to functional class 1 since
they are built to higher standards, carry highfizafolumes and operate at very high
speeds compared to local roads of functional déssClass 16 roadways are built with
geometrics that are inadequate for smooth truckratip@ (6). Furthermore, the
imposition of truck route restrictions on some esugenerally leads to more trucks using
designated truck routes and increasing the trutknwes on these routes.

2.5.2 Truck Travel by Time of Day

Truck traffic volume along a highway varies grealgpending on what time of
day it is. The factors likely to influence variat®in truck traffic by time of day include
the roadway functional class and land use chaiatitsr along the roadway. The review
of literature indicated some freeway sections ioriBa experience very high truck
volumes at night (3). However, it is quite the opipe on most urban arterial streets since
most pick-ups and delivery of services and gooésparformed during daylight hours.
One study reviewed the distribution of PUD actestiby time of day for three land uses.
The research study found PUD activities peak batvi€e00 a.m. and 11:00 a.m. (6). In
addition, truck volumes are higher from 9:00 a.m6t00 p.m. Passenger car volumes
peak in the morning, noon, and evening which isvbeh 7:00 a.m to 9:00a.m, 12:00p.m
to 2:00 p.m., and 4:00 p.m. to 6:00 p.m. Generailyck volumes are lower during the
morning peak hours, i.e., from 7 a.m. to 9 a.m.



Knowing how truck trips are distributed throughate day is crucial. This
information assists transportation engineers aadn@rs in understanding the variations
of truck traffic during peak commuting periods addring off-peak non-commuting
periods. The duration of a truck lane restrictiomkether to restrict trucks throughout
the day or just during the peak periods—will dependthe knowledge of truck traffic
peaking characteristics and their interaction wgtssenger car peaking characteristics.
As an example of truck and car volume variatioguFe 2.1 shows the variation of both
truck and car traffic volumes by time of day on B89 in Florida. In producing the
figure, trucks were defined as all vehicles witharerall vehicle length of 22 feet or
longer. On this section of US 319, truck volumeksefrom early to late afternoon,
whereas passenger car volume peaks in the morhi@@ a.m. and in the evening at
6:00 p.m.

Hourly Vehicle Volume
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Figure 2.1: Hourly vehicle volumes on US 319

2.5.3 Length of Trip

Trips originate and end in a land use. Trips witthie land use, i.e., internal trips,
are usually short compared to trips originatingme land use and ending in another land
use. Also, trip lengths depend on land use cordigun. Thus, sparsely spaced land uses
are likely to have longer trip lengths than closghaced land uses. Truck trips in urban
areas are chained together by trips consistingosfymp, delivery, and mixed pick-up and
delivery activities (15). Truck trip lengths areasured as a length or time a truck driver
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takes to travel from an origin to a single destoratand not as the whole trip with
multiple destinations.

Individual truck trip lengths are important in dehining the total trip chain
length and time which can be associated with cdrages urban areas. The review of
literature indicates that acquisition of trip leimgtata is of more importance to
transportation planners than transportation engsmedransportation planners use this
data in travel demand modeling, intermodal accesdies, identification of system
operational deficiencies, and evaluation of improeats. Whereas, engineers use the
data in site impact analysis, traffic operatiordggs and street design (7). However, trip
generation data for engineering use needs to bheaaaurate for a wider range of land
use types than for planning use. These rates nastcburate at the micro-scale level
because they are used to design local streetgynadesior revise truck routes, assess
traffic impact fees and regulate provision of dfiegt loading space.

A research study conducted by Slavin (15) to detegran enhanced framework
for modeling urban truck trips found that constimctactivities had longer trip lengths
out of the nine reviewed land uses. The reseanthdr found that the mining industry
had more truck trip rates than other land uses.weder, these results might be site
specific; therefore, many other factors may be viasé in analyzing truck trip
characteristics. For example, the roadway netwa&dway capacity constraints, truck
activities, and the time windows on deliveries camstantially alter truck trip length.
Table 2.4 presents the results obtained by Slawitruck trip generation and truck trip
lengths.

Table 2.4: Truck trip generation and trip lengths

Industry Trips/ Average  Trip
Employee | Length (Min.)

Agriculture 3.3 N/A

Mining 6.5 N/A

Construction 1.2 14.35

Manufacturing 0.3 8.24

Transportation/Warehousing.1 9.72

Trade 1.3 7.86

Services 0.2 6.75

Government 0.4 7.68

Source (15)

Miguel (16) performed an eight-month truck activisgudy in the Sydney
metropolitan area in Australia. The study founattthe shape of the trip length
distributions was highly affected by the relatiwedtion of major freight generators—
that is, large factories, distribution areas, imedal facilities, etc.—in relation to their
service areas. The trip length distribution pedketveen 2 and 9 kilometers as shown in
Figure 2.2. This is explained by the short tigpsnmon in the study area and the local
deliveries in other industrial areas surrounding $hudy area. In addition, the second
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peak was found to be between 21 and 33 kilomefBngse long trips are associated with
activity between industrial suburbs in which a tfigr example, originates from a depot
and ends at a distribution area. Also, it is warbhing that the average trip length is also
influenced by the daily number of customer demarahtions. Therefore, average trip
lengths in metropolitan areas or regions are gdyesitge dependent.
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Figure 2.2: Trip length distribution. Source (16)

2.5.4 Trucks Origin - Destination

Trucks play an essential role in the freight tramgtion system. Trucks provide a
high level of transport reliability and enormousxibility in terms of the origins and
destinations served, the commodities carried, dred range of service provided. In
addition, they are the key link among most othedesoof freight transportation. With
increasing use of just-in-time inventory practicksward positioning of supplies and
inventory, and growth in small-package-expeditelivdey and e-commerce distribution
services, the significance of truck traffic contsuo grow (7).

Truck trips originate and end within a land usevagt However, a single truck
trip usually has multiple destinations before retng to the original location (16). For
example, the research by Miguel (16) found theBydney, Australia, one trip may have
6.8 destinations/stops on average whereas in De@wdorado there were 5.6 stops and
there were 6.2 stops in Amsterdam per trip. Thiusan be surmised that some truck
origin-destination trips are an interconnectiommfitiple trips.

The review of literature found truck trips are naes inbound and outbound.
The inbound trips originate from one land use imetropolitan area and end at another
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land use within the same metropolitan area. Wiserdee later refers to truck trips
originating from one land use in one metropoliteaaand ending at another or the same
land use, but in another metropolitan area. Noymafibound trips are shorter while
outbound trips are longer.

2.6 Strategies of Managing Truck Traffic on Arterial Streets

Increasing truck traffic poses safety and operaliahallenges to agencies that
operate and maintain transportation facilitiestdoent years, this has been influenced by
dramatic changes in the global economy, consunteadd, and logistics practices (12).
Operational and safety challenges associated witeased truck traffic include traffic
congestion, pavement deterioration, environmemtglaicts, air and noise pollution, and
economic development of certain localities. Thelew of literature indicated that to
cope with truck traffic demands placed on highwaysumber of strategies are practiced
around the country aimed at managing and presenviagquality of service on these
highways.

Improved highway design is one of the strategiesynsdates have implemented.
Improving roadway geometrics and structures makeemoadways passable for trucks
leading to less congestion. Another strategy tiaat been applied is the introduction of
dedicated roadways or lanes for trucks, truck dingbdanes, designated parking, and
identification of truck routes. Truck routes andck climbing lanes are common in most
states (12). Truck routes are common in urban amese trucks are prohibited from
roadways with insufficient geometrics for safe asmooth truck operation, and are
directed to truck routes that generally have sigifit geometrics to accommodate large
trucks. In addition, truck routes detour trucksnfrtiighly congested urban highways or
detour trucks transporting hazardous materialsitomize safety hazards that may occur
if a crash occurs (2). Truck climbing lanes are gwn on rural roadways with steep
upgrades and downgrades where trucks have diffioudtintaining speed.

Operational truck strategies implemented in mamtest include truck lane
restrictions and parking restrictions. A truckdamstriction is a restriction whereby all
trucks or trucks of specific size, weight, or agtenfiguration, are restricted from using
specific lanes of the roadway (3, 17). This p@cxists in some states on a limited
basis. Restriction by time of day means that altks or trucks of specific weight, size,
or axle configuration are prohibited from speciutes or lanes during specific times of
the day, usually during peak hours or late nighired3). Parking restrictions exist in
urbanized areas where trucks are not allowed to @athe streets.

2.7 Survey of Arterial Truck Lane Restriction in the United States
On non-limited access highways, truck lane resbmst are commonly seen on

climbing lanes for separating slow moving truckenir other traffic, on double lane
roundabouts where the inside lane does not accor@ad large turning path, and on
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bridges for increasing the bridge life. Also, trudstrictions are placed on arterial and
local roads to divert trucks from highly congestetian streets and on certain roadways
with inadequate geometrics for smooth operatiorawéler, the survey of policies and
practices around the country revealed that somiesstaave implemented truck lane
restrictions on arterial and local roads with angigant volume of tractor-trailers.
Tractor-trailers generally have difficulties perfing maneuvers such as U-turns, right
turns, or left turns; therefore, to improve effiody and safety, trucks are restricted in
some fashion.

2.6.1 Questionnaire Design and Mailing

Two survey questionnaires were designed to satitormation from all states on
their policy and practice of truck lane restricgoon non-limited access highways. The
first questionnaire contained five questions and \aaned at determining whether a
particular state had a policy or practice of resitrg trucks by lane on non-limited access
highways. This questionnaire is shown in Apperi8lix The second questionnaire had
eight questions and was sent only to those sthtggdsponded in the affirmative on the
first questionnaire that they have a truck lan¢rictgn policy or practice. Therefore, the
second survey questionnaire was aimed at solictietgiled information regarding the
practice and implementation of the policy.

‘For instance, the research team was interestdehawing whether engineering
studies were conducted before and/or after theypolas implemented. The basic source
of contacts was the American Association of Statghiay and Transportation Officials
(AASHTO) website where almost all states traffid aperations engineers were listed
together with their phone numbers and e-mail adeies Contact information for county,
district, and city traffic and safety engineers vedgained from the entity’s respective
websites and through telephone calls to relevansop@el indicated on the entity’s
website. A website with the survey questionnawess created at the FAMU-FSU
College of Engineering. An email was sent to thaiviiduals concerned asking them to
visit the website and fill in the questionnaireattenically. A database of the responses
from each state and jurisdiction was created aradlyaed as discussed in the following
section.

2.6.2 Analysis of Responses

The results of the survey were quite encouragirgy;states and one territory
responded. Only New Mexico did not respond desmfmeated attempts to contact
relevant individuals in that state. Of the 50 megping individuals, 45 filled in the
guestionnaire on the website while five chose tspoed by phone. In addition,
responses were received from 6 and 11 counties céieb, respectively. All the
responses are presented in Appendix C.

Furthermore, through conversations with variousppeon Florida and in the

surrounding states, several non-limited accesswaglsites with truck lane restrictions
were discovered. Site visits were conducted toerevhe operations and document
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photographically relevant traffic sign and geontetitributes. The photographs are
displayed in Appendix D. Moreover, the researchntehad follow-up telephone
conversations with local engineers and/or officiaith jurisdiction at these sites to learn
more about the existing truck lane restriction$ie Tollowing sections discuss the results
obtained from both general and detailed surveytgrasires.

2.6.2.1 Responses to the General Questionnaire

The general questionnaire was sent in two phagesthé first phase, the
guestionnaire was sent to state traffic professsonia the second phase, the same
guestionnaire was sent to traffic professionalsajor cities. The survey results of both
phases are summarized and presented in the fotjoparagraphs.

Does your agency have a policy on truck lane restm on arterial streets? If yes,
please provide email and/ or phone number of thregrewe should contact to discuss
this issue in more detall

Fifty-four agencies responded to this question.hRiond District of the Virginia
Department of Transportation responded that theg lagpolicy on truck lane restrictions
on surface streets and the City of Cleveland, Oialicated that they have a policy on
truck route restriction. The state and local agendindicating they have truck lane
restriction practices on arterial streets include State of Washington; City of Seattle,
Washington; State of Alabama; and State of Colarddhe City of Seattle specifically
said in their response that the practice of rastgdrucks from right lanes is practiced on
bridges for bridge protection. The response frbwm $tate of Alabama indicated that
trucks in the City of Dothan are restricted to tleeright lane on Ross Clark Circle Road
(SR 210) which has two lanes of travel per direcamd is 14.4 miles long. Figure 2.3
shows the truck lane restriction in operation orsfk€lark Circle Road in the City of
Dothan.

TRUCKS

USE
RIGHT

Sign posted on the median Sign posted on the séould

Figure 2.3:Truck lane restriction on Ross Clark Circle Road.
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Further correspondence was the Dothan City TrdEfgineer, Mr. Charles E.
Metzger, revealed that the restriction was put lace in 2004 although no detailed
engineering study was conducted prior to the implatation. Mr. Metzger further
indicated that the objective of this restrictionsmv@ improve traffic flow since the
roadway is serving approximately 35,000 vehicles g@y and is highly congested.
Asked whether the restriction was being enforced, Metzger indicated it was almost
impossible to enforce the restriction because & $hort intersection spacing and
difficulty experienced by trucks changing lanes.

Are you aware of the existence of truck lane restm aimed at large trucks on arterial
streets on any roadways other than state—maintaioads in your state? If yes, we will
appreciate if you provide the names of the citiesaunties that we should contact.

Only three agencies responded to this question—higion State, the City of
Cleveland, Ohio, and the State of Colorado. Thpardents indicated they were aware
of truck lane restrictions on locally maintaineddways. Washington State responded
that truck lane restrictions are placed consisgeortl locally maintained bridges, just as
on state maintained roads. The City Traffic EngmeMr. Cross, indicated that in
Cleveland people request truck lane restrictiortabge of perception rather than proven
engineering usefulness. The State of Coloradaated cities and counties follow state
statutes to decide on restrictions for roadway<eutiteir jurisdiction. Further follow up
with Colorado did not reveal any additional infotroa.

Whether or not arterial streets truck lane restioct is practiced in your state, what is
your opinion on this issue?

Generally, this question aimed at soliciting theffic professional’s opinions on the
subject matter. Responses to this question seesnggest support for the practice of
restricting trucks on a specific lane on arteria¢ets while 14.8% (8 respondents) were
not in favor of truck lane restriction on non liegtdt access highways. Some of the
reasons given against the restriction include:

++ No high traffic volumes in their state, hence nedéor truck lane restrictions.

s Potential disruptions to traffic flow since truclkse usually serving businesses
situated on both sides of the roadway.

% Can lead to congestion due to unnecessary lanes ghjifmotorists forced to move
over by the truck behind them.

Figure 2.4 provides a pictorial summary of the \sesbtained from the respondents.
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No Opinion 25.9% 35.204

Figure 2.4:Opinions on truck lane restrictions on arterials

2.6.2.2 Responses to the Detailed Questionnaire

The detailed questionnaire was sent to statestiaiiést cities, and counties
identified by the first questionnaire as havingklane restriction policies in their states
and based on the review of literature and practiée.summary of responses to the
guestionnaire and views expressed by the respandermiresented below. Additional
details can be viewed in Appendix C. It should beed that there were 11 responses to
the detailed questionnaire.

Does youragency have a policy on truck lane restriction oredal streets?

This question was designed to solicit informatiam the policy of truck lane
restriction on arterial streets. The State of Niensey indicated that Chapter 39, Section
4-88 (e) of the New Jersey State Statutes cleadlyipits trucks weighing 10,000 pounds
or more to use the farthest left-lane except wharaaeuver is made to change lanes and
use a left exit or during emergency conditions (8&ther respondents said they do not
have truck lane restrictions written in their statatutes but they nevertheless practice
truck lane restrictions using other codes withigittlstate statutes.

What kinds of trucks are targeted by the lane retsbn?

This question was aimed at determining which spetiifick types are targeted by
restrictions. The State of New Jersey indicatesr ttarget was the restriction of trucks
with a gross weight of 10,000 pounds or more. Ha State of Georgia, two truck
classifications were indicated, i.e., trucks wittogs weight of 10,000 pounds or more
and trucks with over six wheels. The respondirgffitr engineer from the State of
Delaware did not provide information regarding thgpe of trucks targeted by
restrictions. However, the State of Delaware radpat did indicate a truck lane
restriction was on US 13 and US 113 where the AAREs approximately 60,000
vehicles per day and the percentage of trucks wasd eight. The respondent indicated
that these roadways were non-limited access highwHyshould be noted that the
roadway section with a truck lane restriction on PPBin Havana, Florida does not
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clearly indicate the type of trucks targeted by téstriction. The posted overhead sign
for this restriction simply readsTtucks use this lane.”

Do you know if engineering studies were conducteor fjo implementation of truck
restriction on some of these arterial street coorisP

This question was aimed at determining whether regging studies were
conducted prior to implementation and if the stadieere available for review thereafter.
In response to this question, the survey resutisved that:

+ In Alabama , Florida, and Georgia the restrictionobserved corridors were imposed
without conducting any formal engineering study;
+ In Delaware, the restriction on US 13 and US 118vpait in place after engineering
studies were performed; however, the researchibes f@ get a copy of the study;
+ In New Jersey, the respondent did not know if agirerering study was conducted
prior to implementation of the truck lane restocti

The totality of the responses to this question satgthe necessity of conducting
further study on the effectiveness of truck lanstrietions on non-limited access
highways through methods such as a before-andsiftdy or simulation analysis.

In your opinion, what do you think were the likebasons for imposing the truck lane
restrictions?

More than 50 percent of the respondents gave rea®wnmposing truck lane
restrictions. These were (1) to improve safety apdrations because of public opinion,
(2) due to local political issues, and (3) base@ogineering judgment. The opinions and
reasons by traffic engineers for imposing truckelaestrictions were varied and are
summarized in Figure 2.5.

0
33.30% 33%

20%

@ improve safety m improve operations O other 0O N/A

Figure 2.5:Reasons for truck lane restriction on arterials
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In Delaware, the restriction was put in place inattlempt to prevent trucks from
blocking all lanes at signalized intersections. Tastriction in Florida was aimed at
keeping trucks as far away as possible from thacadit sidewalks and buildings to
improve the safety of pedestrians who might bectdfi by the close proximity of a
moving truck.

Generally, which lane or lanes are trucks suppaseitkto use?

There were mixed results relative to which lanecksuare restricted from. In
Alabama, trucks were restricted from the left lmmea roadway with two through lanes
per direction. In Delaware, trucks were restridiedn the left lane on US 13 and US 113
in several urban areas. In Florida, trucks werdriotsd from the right lane on the
roadway with two lanes per direction. In Georgiacks were restricted to two right lanes
and one right lane on roadways with three throumgtes$ and two through lanes per
direction, respectively. In New Jersey, trucks @agtricted from using the left lane on
any roadway with three or more through lanes pegction. In Washington State, trucks
are restricted from the right lane on bridges.

2.6.3 Review of State Statutes

Because the researchers did not get a completeareiof what was happening in
the states with regard to truck lane restriction asterial streets, the research team
decided to conduct a review of individual Statewtes from all 50 states. Also included
in this review were each state’s driver's manual #me Uniform Vehicle Code. The
results showed that three states—Georgia, New yJeas®l Oregon—have truck lane
restrictions coded in their state statutes. Appeddisplays the relevant language found
in the statutes. Georgia Statute 40-6-52 stat@s,roads, streets or highways with two
lanes allowing for movement in the same directibshall be unlawful for any truck to
operate in the left-hand lane, except when thektigcactually overtaking and passing
another vehicle, preparing for a left turhSome states define the types of trucks to be
restricted in terms of number of axles or wheelsilavothers define the types by weight
and by axles or wheels. Most states restrict suobkm the left lanes and the restriction
is applicable to highways with three or more tralales per direction. However, the
Uniform Vehicle Code (UVC) does not define specifiaffic for lane designation as
shown in Appendix E (19). The Uniform Vehicle Cade set of traffic laws prepared by
the National Committee on Traffic Laws and Ordines)c a private non-profit
organization. Most of the members of the commitie® officials of state governments
and some related organizations. The extent tolwthie code is used varies by state.

The review of state statutes seem to suggest staflegn four categories in
relation to explaining lane specification and deaigpn to a specific type of traffic. The
categories include: 1) statutes clearly stipulatek lane restriction, 2) statutes give
authority to jurisdictions to impose truck lanetresions and consider trucks as slow
moving vehicles, 3) statutes designate lanes tcifspdraffic without stating type of
traffic designated, and 4) statutes state neidnee designation nor truck lane restriction.
The review of the state statutes showed 22 stateptad the language found in the
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Uniform Vehicle Code. The summary of all reviewedats statutes sections pertaining to
truck lane restriction is presented in Appendi¥iure 2.6 shows the distribution of the
four categories of State statutes.

Statutes Categories

O category. M category. 0Ocategory: [Ocategory:

Figure 2.6:State statutes categories

2.6.4 Summary of Survey Results

The purpose of the survey was to solicit informmatan the state of the practice
and policy on truck lane restrictions on arteriaésts. Understanding what other states
are doing was important in the quest of analyzhey dperational and safety efficacy of
truck lane restriction on arterial streets. Thevey results indicate a wide variation in
State statutes, policies, and practices for trcie Irestrictions on non-limited access
highways. The survey results show only five statet of the 50 states have some
semblance of a truck lane restriction on non-lichisecess highways. Furthermore, the
survey results revealed that the imposition of krlame restrictions on these roadways
was aimed at improving roadway operations and pafet

The analysis of survey results indicate that of fiie states with a truck lane
restriction on a non-limited access highway, omlg State of Georgia and the State of
New Jersey had a statewide policy on truck lanéricéens on arterial streets. The
States of Alabama, Delaware, and Florida do noehaspecific policy on restricting
trucks on arterial streets. This suggests thaetsestes use other codes in the statutes to
give the highway agencies in these states the atythim impose such truck lane
restrictions. As for conducting a detailed engrimeestudy prior to implementing a truck
lane restriction on a particular roadway, only 8tate of Delaware indicated they had
done so. These results suggest the need for cmgluec formal in-depth engineering
study when a truck lane restriction is proposedhfoarterial street.

The visit to SR 210 in the State of Alabama rewe#hat on a congested roadway

enforcement of and compliance with a truck lanéric®n could be difficult. Trucks
were observed to be violating the restriction beeailhere was not an ample opportunity
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to make the necessary lane change. However, wsttee US 27 site in Florida and SR
280 in Georgia revealed a high compliance withrdsgriction by truck drivers.

The review of state statutes revealed that thratest-Georgia, New Jersey, and
Oregon—have State statutes that clearly stipulatek$ can be restricted by lane on
arterial streets. One definition of trucks thatswaund used a gross weight of 10,000
pounds or more. Review of the State of Califoldraving Manual revealed that truck
drivers were to drive on the right lane(s); howewvinis was not stipulated in the
California State Statutes. Moreover, in the Catifa State Statutes it is clearly stipulated
that trucks should not travel at speeds higher &amph.

From these findings, it is evident that there is uaderlying need for more
research focusing on this issue since many stat#sated truck lane restrictions have
been implemented without conducting formal engimgestudies. Furthermore, those
states with truck lane restrictions implementedtlogir arterial streets should conduct
analysis of before-and-after studies to evaluate ¢peration and safety benefits
associated with these truck lane restrictions.
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CHAPTER THREE
STUDY METHODOLOGY
3.1 Overview of the Methodology

The methodology used to accomplish the study abpstconsisted of several
activities. The first activity involved undertakiragycomprehensive review to determine
the presence of non-limited access corridors omiddohighways where truck lane
restrictions might exist. As was discussed in $&acf.6.2, only one highway corridor in
Florida was found to have a truck lane restricti@espite the existence of this truck lane
restriction on State Route 27, it was not considlesis a study corridor because of
numerous factors such as geometric characteristaffic volumes, proportion of trucks,
roadway functional class as well as unfavorablettaigiland use characteristics. The
roadway has two lanes per direction with few abgttiand uses since it is a relatively
short section of roadway. Further comprehensiveeve of typical urban non-limited
facilities was conducted to provide guidance inesihg a suitable representative
corridor with favorable roadway geometrics and fitafcharacteristics. Also, the
functional classification of the roadway togetheithwsignalization and other traffic
factors were considered in deciding the corridopick for evaluation. The detailed
discussions of these methods are presented illbe/ing subsections.

3.2 Field Review of Typical Urban Corridors

Increased truck activities in the City of Fort Reiin St. Lucie County, Florida
have raised concerns about the safety and trgbecations particularly in the downtown
area due primarily to unfavorable roadway geometitc the safe and efficient passage
of large trucks. A review of the transportatioriviark in the City of Fort Pierce shows
several major arterials passing through this cithese include SR 68, SR 615 (Orange
Avenue), US 1, SR 70, and SR 713 (King’'s HighwaX)so, Interstate 95 and Florida’s
Turnpike pass through this area on the westerngbdine city. All of these roadways can
be considered truck corridors since the proportibtrucks in the traffic stream on each
of these routes was equal to or greater than Sepel@0). Table 3.1 below presents
these roadways along with their basic charactesisti

To evaluate the effect of truck lane restrictionsthis area, SR 70 was chosen
because it carries a significantly high traffic wmole and high percentage of trucks
compared to other major arterials in the study ameaindicated in Table 3.1. A
preliminary analysis of traffic data from the FD@atabase showed this route carries up
to 30,000 vehicles per day. The data further skiothe percentage of trucks varies
significantly across the SR 70 corridor. For exaanpt St. Lucie County (near Florida’s
Turnpike and 1-95) and in Highland County, trucftic constitutes about 21% to 30%,
respectively.

22



Table 3.1: Roadways characteristics in Fort Pierce

Roadway AADT Truck Roadway Maximum | Number of
Percentage | Functional Speed Lanes per
(%) Class (mph) Direction

SR 68 18,100 20.93 14/16/17 35 2

UsS1 39,000 8.09 14 40 2

SR 615 23,000 3.1 14 35 2

SR 70 30,500 20.74 2/14 45 2/3

SR 713 9,400 18.11 14 40 1

Key: Roadway Functional Class
2-Rural Principal Arterial-Other
14-Urban Principal Arterial-Other
16-Urban Minor Collector
17-Urban Collector

Source (21)

Figure 3.1 shows SR 70 within the vicinity of théyQf Fort Pierce; however,
SR 70 runs beyond the city and crosses south Rldrain east to west. SR 70 starts in
St. Lucie County in the eastern part and ends indéte County on the western side of
South Florida. The roadway passes through fiventies, i.e., St. Lucie, Okeechobee,
Highlands, Desoto, and Manatee. The section o7 @i St. Lucie County has a length
of about 25 miles. This 25-mile stretch consigtd® miles of two lane highway and 8
miles of four or more lane highway. In the arelase to downtown, there are 4 miles of
highway with four lanes and 3.8 miles with six lane

Figure 3.1:Study corridor limits

23



The review of traffic volume data acquired from fRBOT Traffic CD and the
FDOT website indicated that the majority of trueéke generated from Interstate 95 and
Florida’s Turnpike. Both on and off-ramps on thesajor limited access highways
generate significant truck traffic to and from iy of Fort Pierce. Most of these trucks
use SR 70 to travel through the Fort Pierce downt@asea. For the purpose of
evaluating the impact of restricting trucks to aertlanes in this corridor, a section of
about 4.7 miles from US 1 to Florida’s Turnpike ve&$ected because it has three lanes
of travel per direction as indicated in Figure 3.1.

3.3 Review of Typical Networks

The analysis of the SR 70 discussed above wagdoo#based, but it is certainly
necessary to equally analyze the effects of track Irestriction on an area wide basis,
i.e., network. The review of typical urban netwsrkvolved the identification of typical
roadway geometric layouts and land uses in urbdn&meas. The review of literature
indicated at least eight community development sype which their roadway layout
patterns were dependent on history. Other factéfectang community development
types include their response to changes in tratefjpmm needs and technology, their
pattern of society growth, policy, and roadway des{22). The eight community
development types are sprawl, urban services atealgrowth areas, mixed use activity
centers, neo-traditional town planning, new towm®-World War 1l suburbs, pre-20
century urban centers, and planned unit develomnefithe results of the analysis of
community development types indicated they all ltasuroadways that typically form a
grid network. Therefore, a grid network was chosenthe purpose of evaluating
network effects of truck lane restriction on nomited access highways.

A grid network with roadways spaced as closésasf a mile in the downtown
area and as wide as 2 miles outside of the cityecemas selected. The network was
composed of 11 roadways in the north-south diracéiod 11 roadways in the east-west
direction, resulting in 100 signalized intersecion The number of unsignalized
intersections on each roadway link was chosen aipgron the link’s functional class.
Also, the network consisted of 10 six lane roadualys and 12 four lane roadway links
per direction. Figure 3.2 shows the schematicesgmtation of the network.
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Figure 3.2:Selected typical urban network

3.4  Factors Likely to Affect the Efficacy of TruckLane Restrictions

Increasing truck traffic continually poses challeagto both transportation
engineers and planners. These challenges may @ctbd rapid deterioration of
infrastructure, public concerns about truck noisé emissions affecting residential areas,
and the loss of productivity due to congestion.n@astion has the effect of increasing
costs and affecting manufacturing schedules orpshgpdeadlines. Several strategies
have been researched and implemented in the UBteds to manage truck traffic (22).
A truck lane restriction is one of the strategidgge implementation and effectiveness is
affected by various factors. These factors includadway functional classification,
geometric characteristics, traffic volumes, anddisance trucks will be allowed to use
all lanes prior to entering a left turn or rightridane to exit a roadway link. These
factors were obtained from various sources and esctiscussed in detail in the
following subsections.
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3.4.1 Roadway Functional Class

Functional classification is the process by whibh hation's network of streets
and highways are ranked according to the type micethey provide. Any roadway has
two competing service functions, that is mobilitydaaccess. The travel mobility
function tends to decline when a roadway has ektenaccess points. Roadway
functional classification was introduced by the &mdl Highway Administration (FHWA)
in the late 1960s. FHWA developed guidelines facal governments and planning
organizations to use in maintaining the functionkssification system in their own
jurisdictions. The result was State DepartmentsTiEnsportation (DOT’s) defined
guidelines for the classification of both publicdaprivate roadways. This provided a
demarcation for jurisdiction and maintenance respmlity.

The Florida Department of Transportation (FDOT) seéd the FHWA roadway
functional classification system (21). Roadwayssts range from unrestricted access to
full access control with each functional class diéd into design classes. Each class
combines the functions of access and mobility asttidutes or collects traffic for the
adjacent class. All functionally classified arté&siand collectors may be found on the
State Highway System (SHS), County Road SystemCatydStreet Network. Figure 3.3
illustrates each functional class.

Function Functional Desien
Class Class
Movement . Freeway
Arterial Strategic Arterial
Major Arterial
Minor Arterial
Collector Major Collector
Minor Collector
Access Tocal Local
Cul-de-Sac
Hierarchy of Roadways in a
Functionally Designed System

Figure 3.3:Functional classification
Source (23)

The stretch of SR 70 in St. Lucie County is clasdiinto two functional classes;
The urban principal arterial stretch which is clasedowntown and the rural principal
arterial on the rural part. Rural principal arésihave long intersection spacing with few
driveways while urban principal arterials have tldmger intersection spacing with both
medial and marginal access.

Rural and urban classifications have fundamentdglifferent characteristics
relative to density and the types of land use,drgatterns, and the frequency of streets
and highways, as well as, the frequency of sigedlimtersections and driveways. The
rural street system includes principal arteriatgefistates and other principal arterials)
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minor Arterials, major and minor collectors, anddbstreets. The urban street system has
the same categories but does not divide colledtdosmajor and minor categories. In
addition, principal arterials in urban areas aréned as interstate, other freeways and
expressways, and other principal arterials.

3.4.2 Geometric Factors

Highway geometric design criteria are based onviftacular characteristics of
the largest vehicle likely to use the highway. Usydrucks and buses are the vehicles
used as the design vehicle. Highway geometric defgigtures, whose design is based on
vehicular characteristics of the design vehiclelude lane width, sight distance, vertical
alignment, acceleration lanes, horizontal alignmémiersection design, and roadside
features (12).

Implementing a truck lane restriction on a roadwayuld require the geometric
features discussed above to be adequate and raukdipés per direction to be present.
The inadequacy of these features would hinder #fe speration of large and heavy
vehicles. It is worthy mentioning here that SR 7€ets all the criteria that favor safe and
efficient operations for trucks. The SR 70 corrideas thus deemed suitable for
conducting further study of a truck lane restriotio The analysis of a truck lane
restriction on a network level required the speatiion of typical urban roadway
characteristics that were adequate for truck traffi

3.4.3 Traffic Factors

Traffic data used in the simulation of the SR 7@ridor were extracted from the
Florida Traffic Information (FTI) CD and web siteamtained by FDOT. Each traffic
monitoring site had data on AADT, the proportiontrofcks, and directional split factors.
In addition, historical AADT data from 1992 with hele class proportions were
extracted and used in coding vehicular characiesigt the simulation model. Table 3.2
shows a summary of extracted data.

Table 3.2: SR 70 traffic data

From To Volume (vph)
Oleander Blvd usl 1,376
Sunrise Blvd Oleander Blvd 1,068
S 13" st Sunrise Blvd 1,140
S 258" st S 18 st 1,228
S 38" st S 24 st 1,548
Okeechobee Rd/ Virginia Avel S5t 1,112
Okeechobee Rd/

Central Mall Ent Virginia Ave 1,758
West Mall Ent Central Mall Ent 1,758
McNiel Rd West Mall Ent 1,827
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From To Volume (vph)
Jenkins Rd McNiel Rd 1,848
[-95NB Off Ramp Jenkins Rd 1,612
I-95SB Off Ramp [-95NB Off Ramp 1,140
Peters Rd [-95SB Off Ramp 1,108
Kings Hwy Peters Rd 1,042

Traffic data used for analyzing the simulated nekwavas based on trips
generated from various land uses. The O-D triprimnatas generated for dynamic traffic
assignments in the network. Trips were obtainethftbe ITE Trips Generation Manual
for the different land use within the study aredeTtypical urban land uses were
identified and their trips were summed up to giotlttrips generated from each zone.
Subsequently, the distribution of trips from on@e®o another zone was estimated using
the VISUM transportation planning software. TaBI&8 shows the Origin-Destination
(OD) Matrix and the trip distribution in each zone.

Table 3.3: Origin-destination (OD) matrix

Zone 1 2 3 4 5 6

1 2695 2752 3536 3996 3539 3666
2 3245 3943 3191 3281 3121 2429
3 3358 2809 3744 3473 2702 3704
4 2823 3721 2767 3684 2544 3401
5 2514 2937 3945 3396 2500 3769
6 3371 2482 3768 3744 3655 3180

3.4.4 Signalization Factors

Trucks take more time to slow down and make a mgrmmovement due to the
limitations imposed by their performance and phgiseharacteristics (12). Depending
on the type of movement, large trucks may needdoggeen or yellow times to safely
traverse an intersection. The Manual on Uniformaffilec Control Devices (MUTCD)
(24) specifies an interval of 3 seconds to 6 sesdod the yellow change interval at
signalized intersections. The MUTCD also specitieast the yellow signal display be
followed with an all-red clearance interval. Bogellow and all-red intervals are
frequently used at intersections with substantiadk volumes.

The signalization variables of interest for therwlor and network analysis were
offsets, cycle length, and green splits. Theséalbbas generally define coordination
along a roadway and the amount of green time abkdctor through traffic and turning
traffic. Signal data for intersections along thadst section of SR 70 were obtained from
the Fort Pierce Traffic Operation Office and areganted in Table 3.4. The green splits
along with phasing and movements details are athels Appendix F.
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Table 3.4: Intersections signal data

Intersection Cycle length (s) Phases
Uusi 150 4
Oleander Blvd 120 4
Sunrise Blvd 120 4
S 13" st 120 4
S 258" st 120 4
S 35" St 120 3
Okeechobee Rd/ Virginia Ave 110 2
Central Mall Entrance 110 2
West Mall Entrance 110 2
McNeil Rd 90 4
Jenkins Rd 90 4
I-95 NB Off Ramp 90 2
[-95 SB Off Ramp 90 2
Peters Rd 90 4
Kings Hwy 90 4

The cycle length and phasing for the network weseidkd primarily based on
roadway geometrics. The intersection geometriceewaried to represent a variety of
real life scenarios. If a left turn lane existddaa intersection, a left turn phase was
included unless the three movements (left, throagi, right) were serviced by the same
phase. This approach was necessary because the wWalime at intersections was
unknown. The green splits, cycle length, and pitasvere adjusted to meet traffic
volume demands for each movement based on theeprenfi the simulation animation.
The primary signal data used in the study are pteden Table 3.5.

Table 3.5: Network intersections signal data

Movement Green split (s)| Cycle length (s) No oasds
WA | s
120 4
J £ 16
ﬁ 28 120 4
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3.4.5 Distance of Restriction Release

The distance measured from the center of an irdgosebeyond which trucks can
be allowed to change lanes in order to reach aatkdestination is hereby defined as the
“restriction release distance”. The restrictiofease distance has an influence on both
the safety and performance of a truck lane regirict The shorter the distance, the lower
the chance of trucks finding gaps in lane changmagneuvers thus increasing the risk of a
crash occurrence. The delayed action of truck gingnlanes also has an effect of queue
building up behind the truck waiting for a gap t@moge lanes.

The literature search did not reveal recommendstifar suitable restriction
release distances; subsequently, to analyze festricelease distances, a 2-mile long
roadway section was coded in VISSIM. The roadway tveo lanes per direction with
one intersection. A traffic volume of 1, 910 vphswsed to imitate the highest flow rate
on a two lane section of SR 70. The speed limi s&t as 45 mph. After all the input
parameters were coded in the model, the roadwaysimagated for one hour and results
collected every half hour. The restriction reledstances were varied as 500 ft, 700 ft,
1000 ft, and 1500 ft. Truck percentages were dafiem O percent to 40 percent at the
increment of 5 percent. Note that truck perceniagaeeasured as the proportion of the
AADT.

The results associated with all restriction reledsgances were analyzed to
reveal any trends. The measures of performance instig analysis were speed, travel
time, delay, queue length, and number of lane abandt was observed that when truck
percentages were low, the restriction releasertistaad less influence on the simulation
results. The results further showed that the impaad significant as truck percentage
reached 20 percent or more of the total trafficunod. However, the results for 700 ft,
1,000 ft, and 1,500 ft associated with high truekcgentages were not significantly
different. Therefore, a release distance of 70@&$ selected for all simulation runs in
order to maximize lane restriction length.

3.5  Acquisition of Data for Calibration

The default driver and vehicular characteristicthim model were likely to render
simulation results different from those acquiredtie field. Therefore, the default
parameters coded in the VISSIM model needed toabbrated. The calibration process
involved checking model results against observeldl fdata and adjusting driver and/or
vehicular parameters until the simulation modellitssfell within an acceptable range.
Speed, travel time, delay, and capacity are sontbeotommon performance measures
used for calibration. Using a floating car techuggnith a GPS device, average speed
and travel time data were collected and used fatahcalibration as discussed in Section
4.4. Table 3.6 presents summarized field data d@isedalibration of the simulation
model. The raw data used for these purposes elwged in this report as Appendix G.
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Table 3.6: Field data for calibration

Run Distance Average Travel

Number | Traveled(Miles)| Speed (mph)| Time(s)
1 4.69 33.17 549
2 4.68 35.62 481.2
3 4.69 33 540
4 4.7 30.83 583.8
5 4.68 39.84 423
6 4.7 27.76 667.2
7 4.71 29.06 604.2
8 4.73 27.48 655.2
9 4.7 33.06 523.2
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CHAPTER FOUR

SIMULATION MODELING

4.1 Software Selection

Microscopic simulation modeling has emerged asulaw and effective tool to
perform traffic operations analysis and evaluater KES technologies in transportation
engineering. Transportation problems that are m@siee to study by other means, or
where real-world data is unavailable for use indhalysis, can easily be performed with
simulation. There are numerous computer simulatrmaels to choose from depending
on the intended accuracy of results desired, irtérashalysis and the knowledge the user
has with the simulation model. Through computeruation of a roadway network, it is
possible to predict the operational effects of gkds traveling on the roadway in terms of
capacity, average speeds, delays, vehicle-hours\afl, vehicle-miles of travel, service
flow rates, fuel consumption, and pollutant emissjcas well as, analyzing the existing
conditions. Simulation is therefore an effectivel owerful approach for quantifying the
benefits, costs, and limitations of different alteives which may not currently be
evaluated using real world data.

There are several microscopic traffic simulatiofivgare packages available on
the market capable of modeling truck lane restmion non-limited access highways.
Some of the most commonly used micro-simulationtve®e include: CORSIM,
PARAMICS, SIMTRAFFIC, INTEGRATION, and VISSIM. Onaf the requirements for
the simulation software to be used for evaluatibman-limited access arterials and
freeway frontage roads is its capability to modgkirupted flow situations (25). A
number of criteria were developed and used to scesmch simulation software to
determine its suitability in modeling truck lanestrictions on non-limited access
highways. The selection criteria included thewafe’s ability to model dynamic route
assignments, lane closures, modeling of a cordaretwork, its interface with external
software, and the cost of acquiring the softwarevds found from the literature that
CORSIM and SIMTRAFFIC software are not capable ghammic traffic assignment
hence they were eliminated first from the list. 818 and PARAMICS are both
sufficiently capable of modeling truck lane redtons on non limited access highways.
However, VISSIM was finally chosen as the modelitapl in this study over
PARAMICS because the cost of purchasing PARAMICS wahout ten times that of
VISSIM (2, 25).

4.2  VISSIM Model Characteristics
VISSIM is a microscopic, time step and behaviordobssimulation model
developed to model urban traffic and public traogiérations (26, 27, 28). The software

can analyze traffic and transit operations understaints such as lane configuration,
traffic composition, traffic signals, and transiogs. This makes VISSIM a useful tool
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for the evaluation of various alternatives basediesired transportation engineering and
planning measures of effectiveness (26).

VISSIM has the capability of modeling geometric akrational characteristics
involved with the implementation of a truck lanestrection. The VISSIM through lane
closure attribute in link data enables a modeleresirict a specific vehicle type from
using a specific lane. Operationally, VISSIM is ahje of collecting various measures of
performance like speed, density, travel time ardydi®r all vehicle types, as well as, for
a specific vehicle type. Hence, numerous operaktiand safety aspects of a truck lane
restriction can be analyzed based on the diffarehicle types on the road.

For a traffic simulation tool to model traffic amelplicate real world data, it must
accommodate a lot of parameters. Several trafficarpaters incorporated in the
simulation software must be validated; for examgéneration of vehicles under various
traffic conditions, vehicle types with various pmrhance characteristics, drivers with
different capabilities, and several others. Soihthese parameters for VISSIM traffic
simulation software are presented in the followsegtions.

4.2.1 Traffic Generation Model

The vehicle input in VISSIM is used when at leasé wwehicle composition is
defined (26). Traffic volumes are entered in a gfelink and time period via a vehicle
input attribute available in VISSIM. Traffic volunean be defined in a time variable but
will be generated in vehicles per hour, even iftihee period is different from one hour.
Thereatfter, vehicles are generated from the inputtgased on a Poisson distribution.
Also, if the defined traffic volume exceeds capacixcess vehicles will be stacked
outside the network until space is available ingheulated network. This vehicle input
option was adopted for the corridor simulation dithis study.

While in the network simulation, vehicle input (ffa volume) is achieved using
an Origin-Destination (OD) matrix in which trafficomposition is also defined. OD-
matrices cannot be created nor edited directly gusMiSSIM but rather from a
transportation planning software. For this reseatbh OD-matrix was created on the
VISUM transportation planning tool and thereafteported into VISSIM. In this tool,
vehicles are generated via parking lots and théilligion of vehicles entering the
network is based on the Poisson distribution model.

4.2.2 Car-Following Theory

The VISSIM model contains a psycho-physical carlofeing model for
longitudinal vehicle movement and a rule-based rétlym for lateral movements (26).
The model is based on the continued work of Wiedem@6, 27). The Wiedemann
model assumes the driver of the following vehickcelerates after reaching his/her
individual perception threshold relative to a leadivehicle. The basic idea of the
Wiedemann model is the assumption that a driveibeain one of four driving modes:
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Free driving — in this mode the driver is not influenced by fineceding vehicle.
The driver drives at his/her desired speed. Initygahe speed in free driving
cannot be kept constant but oscillates around #s&retl speed due to imperfect
throttle control.

% Approaching — in the approaching mode the driver is influendad the
preceding vehicle. While approaching, a driver sggpa deceleration so the speed
difference of the two vehicles is zero the momentrélaches his desired safety
distance.

+ Following — in this driving mode the driver tries to maimtdihe safety distance.
But since he/she cannot accurately determine teedspf the preceding vehicle,
the differential speed between the preceding car the following car always
oscillates around zero.

% Braking — this driving mode occurs when the preceding Jehapplies brakes
abruptly or a driver in an adjacent lane changdkddane in front of the observed
driver. This leads to the observed driver applyingh deceleration rates to avoid
a crash.

In all four driving modes, the acceleration andadexation rates are expressed as
results of speed, differential speed, distance tardindividual characteristics of driver
and vehicle. The driver population is diverse wiliferent perception capabilities,
desired speed, and safety distance thresholds, Atsger switches from one mode to
another. As soon as he/she reaches a certain dfalegiis threshold can be expressed as
a combination of speed difference and distance.a®x of the combination of
psychological aspects and physiological restrictiohthe driver's perception, the model
described above is commonly referred to as a pspblgsical car-following model (26)

The car-following model parameters vary dependimg tbe type of traffic
environment modeled. Wiedemann developed two modwdationed below, one for
urban traffic and the other for interurban traffithe two models have different
parameters for vehicle following:

Wiedemann 74Viodel mainly suitable for urban traffic,

Wiedemann 99Model mainly suitable for interurban (motorwasgffic, and

+ No Interaction Vehicles do not recognize any other vehicles (oarused for a
simplified pedestrian behavior).

) 7
SR X IR X4

The basic concept in the Wiedemann model is trettiver of the faster moving
vehicle starts to decelerate when the driver reachis/her individual perception
threshold to a slower moving vehicle. Since a drtannot exactly determine the speed
of the slower moving vehicle, the speed will fadlldw the speed of the slower moving
vehicle. The driver starts accelerating againhsiyjguntil another perception threshold is
reached. This results in an iterative process oélacation and deceleration. Stochastic
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distributions of speed and spacing thresholds cafdi individual driver behavior
characteristics as illustrated in Figure 4.1.

A
AX front to rear distance

perception

no reaction threshold

L ——SBxX—

unconscious

reaction reaction

collision

difference of velocity AV

<«— increasing distance decreasing distance —»

Car following logic (Wiedemann 1974)
Figure 4.1:Driver behavior model (car-following) in VISSIM
Source: (26).

4.2.3 Lane-Change Algorithm

Lane change in VISSIM is possible where there igemnihan one lane per
direction or one lane per direction, but wide erfotg allow passing on the same lane.
There are basically two kinds of lane changes &SIM:

+ free lane change, and
% necessary lane change.

In a free lane change, the driver is not forcecthange lanes. Rather, he/she
wants to stay in a desired lane. VISSIM checkstlfi@r desired safety distance of the
trailing vehicle on the new lane, which dependstanspeed of the trailing vehicle and
the speed of the vehicle that wants to changeabldéime. Currently, VISSIM Version 4.1
has no way for the user to change the "aggresssgémparameter for these lane changes.
However, changing the parameters for the desiredysdistance, which are used for the
vehicle following behavior will affect the free lanhanges as well (26).

In a necessary lane change, the driver changes iarmmeder to reach a designated
route. Driving behavior parameters considered ohelmaximum acceptable deceleration
for the vehicle and the trailing vehicle on the nlewe with default values of 13.12 ft/s
and 9.84 ft/$ for the lead vehicle and trailing vehicle, respesdy. Minimum headway
(front/rear) by default is 1.64 ft and these par@msedepend on the distance to the
emergency stop position on the next connectorefolte.
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However, in both free and necessary lane changesjriver finds a suitable gap
(time headway) in the destination flow before mgkany lane change maneuver. The
gap size is dependent on both the speed of theclaaneger and the speed of the vehicle
that “comes from behind” (on that lane where theelahanger changes to) (26). But in a
necessary lane change, the gap size is also degemu¢he deceleratiovalues and the
level of “aggressiveness”.

Example of necessary lane change

Aggressiveness in a necessary lane change canfibeddby using deceleration
thresholds. Maximum and minimum thresholds for btite lane changer and trailing
vehicles must be defined. Maximum decelerations diffierent for two vehicles, as
presented above, but the minimum (accepted) dedeles are the same with a default
value of 3.28 ft/5 In addition, a reduction rate is used to redtfoe maximum
decelerationwith increasing distance off the emergency stoptipoos(26). An example
of a parameter’s specification and the resulting@neent graph is shown in Figure 4.2.

Meceszary lane change (route)

ey Trailing wehicle
Maximum deceleration: -3.5 | mf=® =3.0 | mf=*
-1 miz® per distance: 3000 m 200 m
Accepted deceleration: -1 | mifs® .25 mis?
[m/s?]
Fy
3560 +—————— - —
-3.00
-2.00

,Jane changer’ (Own)

-1.00
1 Trailing vehicle o
-0.25 l.l.lIIIIII-IIIIIIIIIIIIIHIIII....I.I.“
—t—t——F—F—F—F+—F+—F+—+—+>
-1000m -500m Emerg. stop

Figure 4.2:VISSIM necessary lane change parameters
Source: (26)
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4.2.4 Route Choice Model

VISSIM has two methods of routing traffic in a sileed roadway or network,
namely, static route assignment and dynamic assghmin static route assignment,
VISSIM uses routing or direction decisions whilendgnic assignment uses an origin-
destination (OD) matrix. Both methods were usedhis research depending on some
influencing factors as will be discussed later. rtfi@rmore, in static routing the user
defines the start point and destination along \h#h proportion of traffic. One starting
point can have multiple destinations. This metbbdbuting was adopted in the corridor
modeling where the starting point on the major reas inserted before the signalized
intersections and destined to various route acaedsurning points before a new route
assignment. Destination points were located dfterstgnalized intersections.

In the dynamic assignment, drivers choose theiteowhen they start a trip at the
origin parking lot. Knowing the destination parkitay and possible routes, drivers will
choose the best route characterized by the lowerstrgl cost. However, not all drivers
are bound to use the best route although all roateopen for use. The criterion for a
best route is general cost which is computed asighted sum:

General cost m*travel time +B*travel distance Hy*financial cost +Zsupplement)

In which the weightsi, 3, andy are user-defined. The function used to model
discrete choice behavior is the logit function egsing by Kirchhoff distribution
formula:

—k.logC;

ZG_k'logC‘

p(R)=

Where p(R) is the probability of routg to be choserk is the sensitivity of the
model, and Cis the general cost of route A very low sensitivity factor would lead to
nearly equal distribution while a very high valueuld lead to all drivers choosing the
best routes.

4.3  Simulation Design

Simulation modeling is a useful tool for analyzisigstems or strategies that are
not amenable to analysis by other methods. It e@sgblanners and engineers to analyze
merits and demerits of numerous designs prior fementation. Achieving a simulation
model that replicates what exists in the field ives various tasks. How traffic volume
input, signal data, and geometric data are to beaged are some of the tasks that a
modeler must perform. Other tasks include valatatand calibration. The following
sections explain in detail how the mentioned tagése performed.
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4.3.1 Corridor Simulation

Corridor simulation in this research meant simolatof SR 70. After reviewing
the literature and analyzing the methodology taubed, the geometrics of SR 70 were
then coded in VISSIM. Traffic data, signalizatidata, vehicle routing, vehicle mix by
type and vehicle characteristics were the basiatsippecified in the VISSIM simulation
model. The sections below discuss how corridor gdoos were coded in VISSIM
including definition of the input parameters.

4.3.1.1 Corridor Coding

Corridor coding refers to the process of captuang representing the roadway
geometry, traffic, and traffic signal characteastin a computer. A background map of
SR 70 was downloaded from Google Earth and imparen VISSIM. The map was
scaled followed by tracing the links and connectumsthe scaled background map. As
was described in Section 2 of Chapter Three, Rigsidurnpike and 1-95 off-ramps and
on-ramps for the destination SR 70 on the west $igace, two link types were created,
which are urban (motorized) and freeway to emulbdeal vehicle and driver
characteristics. In addition, the freeway and SRwé&de grade separated while SR 70
grade was 0 percent since this area seemed toehéaiely level terrain. Intersection
geometrics, lane width, length of storage and hgrbays were verified through video
log and site visits.

Video logs show the whole roadway with its siderabteristics as well as the
mile points. Having a mile point made it easy tcaswe the length of storage bays while
the video helped in showing the number of lanesation of intersections, and the
location of access points.

4.3.1.2 Corridor Simulation Input and Their Levels

In specifying vehicle composition and vehicle cluteastics in VISSIM, a
modeler can choose to use default values or chdhgm depending on desired
simulation objectives. In this study, the vehictamposition and vehicle characteristics
parameters were specified based on the resultedield review. For example, there are
no tram bus types operating on SR 70 and minimadégteian/bike activities. Hence tram,
bikes, and pedestrians were not included in theipation of vehicle composition.

A closer examination of VISSIM default vehicle cheteristics revealed that they
are slightly different from field data collected'he VISSIM default vehicle lengths for
passenger cars ranged from 13.48 ft to 15.62 flewtgavy truck lengths were 33.51 ft to
represent single unit trucks. Based on previossakh studies, the vehicle lengths were
changed to 30 ft for passenger cars and 120 tid¢ary trucks (9, 11, 17). The VISSIM
default weight of trucks ranged from 6,200 poura8&,000 pounds. It seemed that the
lower default boundary was a bit high for singlet trucks that are used to haul, pickup,
deliver parcels and other activities in urban aredsus, the weight range was changed to
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3,000to 80,000 pounds. The power range of large trucks mot changed and was left at
the default range of 150 kW to 400 kW.

Traffic volume and signal data presented on TaleaBd 3.4, respectively, were
used for vehicle and signalization input. Signdl@a input was achieved by defining
cycle length, phasing, and green time splits omaigontrol attributes in VISSIM.
Thereafter, signal control and phase groups wer&edaon lanes via a signal head which
is equivalent to the signal display in real world.

4.3.1.3 Corridor Simulation Scenarios

Following the coding of the corridor and the spieeifion of input parameters,
simulation scenarios were specified from which ¢ffect of truck lane restriction could
be quantified. Like other researchers (2, 11, ZB, 2 number of factors like truck
volume, grade, number of access points per milevandh lane trucks are restricted to,
all should be considered in various combinationghsa truck lane restriction efficacy
can be assessed. Four possible truck lane restristtenarios were identified. In all
scenarios, the traffic volume was kept constanttbetpercentage of trucks was varied
from O percent to 40 percent at 5 percent increment

Traffic data analysis, together with field visits $R 70 in Fort Pierce revealed
that the noon peak had more traffic than the mgrmaind evening peak hours. Therefore
traffic volume for the noon peak hour was usedhis tesearch. As discussed in Section
3.2 of Chapter Three, the truck percentage incbrsidor was as high as 30 percent in
Highlands County; hence, the truck percentage \aasd from O percent to 40 percent.

Roadway grade was assumed to be O percent sinttesimrea the terrain was
gentle with less than 2 percent grade. At the tingimulation, VISSIM Version 4.1 did
not allow a violation rate to be specified to motted percentage of trucks that use the
restricted lane(s). Thus, for all simulation sce&rsit was assumed that there would be
100 percent compliance rate with the lane resbicti Table 4.1 presents a summary of
the simulation scenarios.

Table 4.1: Summary of simulation scenarios

Scenario|l Section Trucks Truck
number  of| restricted to | percentage
lanes

1 2 None 0 %— 40%

2 2 Right lane 0 %— 40%

3 2 Left lane 0 %— 40%

4 3 None 0 %— 40%

5 3 Right lane 0 %— 40%

6 3 Center lane| 0 %— 40%

7 3 Left lane 0 %— 40%

39



4.3.1.4 Measures of Operational Performance

Once the simulation scenarios were set, it wasssacg to define the measures of
operational performance necessary for quantifylmey dperational effects of truck lane
restrictions on non-limited access highways. Likber researchers (2, 11, 29, 30),
measures of operational performance selected frstmulated corridor were travel
speed, travel time, and delay. The intersectioasuees of performance selected were
delay, total stopped delay, and queue lengths.sd rgersection performance measures
have also been used in the research reported ifit¢hature (31, 32). The following
sections explain the efficacy of some of these ajpmral performance measures.

Vehicle Speeds

Vehicle speeds on a roadway are influenced by uaractors including roadway
geometrics, adjacent land use, interaction betwedricles, and traffic control devices
such as signs and signals (30). Interaction amaigckes can be defined by density,
vehicle composition (trucks, cars, and buses), thiedtype of movement the vehicles
make like U-turns, left-turns or right-turns. Theoportion of trucks in a traffic stream
also affects traffic flow performance. For examples presence of 2 percent trucks in the
traffic stream will likely have less effect on asge travel speed than the presence of 15
percent trucks (17). Therefore, roadway geometits other factors mentioned above
affect the operational performance of a roadway intalspeed a good measure for
guantifying the efficacy of truck lane restriction.

Travel Time

Travel time is the average time spent by vehidlagersing a highway segment.
The travel time includes running time on a link aehtrol delay at an intersection (30).
A successful operational and safety strategy fanagang trucks should result in reduced
travel time and decreased congestion. Therefaeelttime was selected as a measure of
performance of truck lane restriction.

Delay

Delay is the additional travel time experiencedalyriver, passenger or pedestrian and is
mentioned as a performance measure for intersect{8f). VISSIM is capable of
collecting total delay and total stopped delay dataan intersection, as well as, roadway
segments. These delays result from both contgolats and vehicle interaction. VISSIM
does not output traffic signal control delay whishusually used to analyze intersection
performance. However, in this study the total deday total stopped delay was used in
corridor and intersection analysis, particularhyamalyzing the performance of signalized
intersections.
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Queue Length

Queue length is the un-served traffic demand cabgexersaturation of a traffic control

device and is usually measured in length units. (@@eue length in VISSIM is output in

units of length, not in a number of cars (26). VIIlSrovides several user definable
conditions to define a queued vehicle. A vehiclenigjueue condition if its speed drops
below the begin speed and has not exceeded thepeed yet. The maximum headway
defines the maximum distance between two vehiaeths queue is not disrupted, and
the maximum length defines the maximum length efgheue.

Default values of the above mentioned conditionsew8.1 mph (Begin speed),
6.2 mph (End Speed), 65.6 ft (maximum headway),1&4#.4 ft (maximum length). The
default values specified by VISSIM were adoptedhis study. VISSIM outputs related
to queue length output include average queue lemgttmber of vehicle stops within the
gueue, and maximum queue length. The preliminaglyais of the results indicated
plausible values with plausible trends. For insgartbe number of stops was increasing
with the increase in truck percentage as was tleeage queue length. The maximum
gueue length was discarded as a measure becauspats defined maximum queue
length - even if the actual queue was longer. Tlhege only the average queue length
was used as a performance measure.

4.3.1.5 Measures of Safety Performance

Traffic safety and crash occurrences are influenzgdnany factors including
roadway geometry, vehicle characteristics, vehiperformance, driver behavior,
environmental conditions, traffic composition, anohdside land use activities. The
simulation analysis of safety effects of a truckdaestriction does require analyzing the
effects of these parameters on simulated crasWéSSIM is incapable of simulating a
crash and does not allow the user to model relstipnbetween crashes and some of the
causative factors mentioned above.

Because of the difficulty of accurately predictiegash rates in a simulated
environment, surrogate simulation performance nreaswere obtained that correspond
to the safety level of a transportation facilityden various designs (33). The distribution
of headways, differences in speeds, and the numb&ne changes are some of the
surrogate measures that have been used by sonactems in the past (2, 11). For
instance, the use of headways as a safety measupkusible since smaller space
headways reduce the space for a following drivemémeuver in case the lead vehicle
abruptly applies brakes thus increasing the praibabf a rear end collision.

The number of lane changes and differential speeong vehicles on different
lanes are considered as measures of the degre¢eoiane vehicle interaction brought
about by a truck lane restriction. The increaseniar-lane vehicle interaction increases
the potential for crash occurrence because of rdguént lane changes which occur as
drivers try to maximize their positions and speetlbus, the number of lane changes in a
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section and average speed differences betweeneatjtanes are good predictors of
safety characteristics of a transportation facildijowing the implementation of a truck
lane restriction.

VISSIM is capable of recording each vehicle movenhaang with their desired
speeds, desired headways, following distances, redesiane, acceleration and
deceleration for every second per individual vehiml per class of vehicles. As indicated
earlier, the number of lane changes and speedditial were used in this research to
evaluate the resulting effects of implementing wckrlane restriction on a non-limited
access roadway. The number of lane changes wasdeector each individual vehicle
while the headway was recorded for each vehiclssclaThe recording of individual
vehicle headways was discarded because just orreohsimulation produced huge data
output files that were difficult to summarize foradysis.

4.3.2 Network Simulation

To analyze operational effects and safety indicatassociated with the
implementation of truck lane restrictions on nanited access highways on an area wise
basis, it was necessary to expand the simulati@ennetwork level. The primary focus of
the simulation analysis was in urban areas wherd leése characteristics and roadside
friction factors contribute to increased conflittetween through vehicles and turning
vehicles. Therefore, the analysis of an urban regdwetwork was undertaken to
determine the influence of a truck lane restricbomabutting roadways.

A typical network of urban roadways with 121 nodasd 100 links was
considered. The network was shown in Figure 3.Zlvapter Three. However, the
simulation analysis will be limited to hypothetideffic and signalization characteristics
since real life data of these characteristics wbfigcult to obtain. However, a wide
range of traffic and signalization conditions tygien most urban areas was simulated.
Efforts were made to replicate geometric charasties of major roads found in Fort
Pierce, Florida, which was the test bed for thekrnane simulation analysis. A limited
validation effort was conducted using relevant daien Fort Pierce area.

4.3.2.1 Coding of the Network Geometrics

The important geometric input variables likely tibeat the efficacy of a truck
lane restriction include the layout of the netwankmber of lanes in a link, lane width,
intersection spacing, functional classificationdifferent roadway links, distribution of
driveways and unsignalized intersections along rk, liand signalized intersection
spacing. Necessary input geometrics for the nétweere identified. Thereafter, a
typical grid network was drawn in Microsoft Wordosting the grid spacing, number of
links as well as link length. The drawing was tleemverted into “tiff” file format and
then imported to VISSIM as a background image. &iakd link connectors were then
traced on this background image in VISSIM. Havinghetwork skeleton made, the
intersection geometrics were coded.
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To replicate the real-world, several intersectiasigns were coded including
intersections with and without separate left turrright turn storage bays. Both signal
and stop controlled intersections were employee figtwork had 102 intersections with
either left, right or both turning storage bays dfdintersections without storage bays
and more than 50 intersections with stop contralgersections. The network had eleven
roadways on each side. In addition, six roadway®ima side of the network had two
lanes per direction while five roadways had thi@eek per direction. Each zone had a
different speed limit, with a high speed range 06ftd 55 mph in Zone 6 and a lower
speed range of 25 to 30 mph in Zone 1.

4.3.2.2 Simulation Input and Their Levels

In VISSIM, vehicle population is categorized int@hicle types containing
vehicles that share common performance attribttbese performance attributes may
include weight, power, length, model, and maximumimum acceleration and
deceleration. Vehicle model and length are usenddf based on probabilistic
distributions while all other attributes are prebgtVISSIM. Three vehicle types were
defined in this study, namely passenger cars, buses trucks. Trucks were further
divided into subgroups differentiating between tigind heavy trucks as presented in
Table 4.2.

Table 4.2: Vehicle types

Vehicle type Length (ft)| Weight (Ib) Percentages
Passenger car <19 1700-4400 100%

Buses 37.87 8800-26500 100%
Truck | SUT'’s Light 30- 39 <4000 40%

Heavy 39.5-45 50000-65000| 40%
Tractor | Light 45.5-55 80000-99000 15%
trailers | Heavy 55-120 80000-100000 5%

The default values suggested by VISSIM for passenges and buses vehicle
characteristics were adopted while length and wegkrucks were adjusted to represent
what exists in some urban areas. The corridor ate@vark simulation did not consider
the presence of pedestrian and cyclists in ordezdace the level of post-simulation data
processing.

Traffic demands in VISSIM can be input in two ditfat forms as was discussed
in Section 4.2.1. The dynamic assignment methodakasen in which vehicle input is
achieved through the OD-matrix, which contains tiuenber of trips for every pair of
planning zones for a given time interval (26). ®iere, it was necessary to determine
the number of trips generated per zone.

The network was partitioned into six zones where ftinst zone had closely
spaced intersections representing downtown chaistots. The sixth zone had sparsely
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spaced intersections representing rural or subnualbeasNumerous land uses likely to

be found in urban areas were identified and thigairgeneration characteristics reviewed.
The Institute of Transportation Engineers (ITEptgeneration manuals (5) were the
basic sources of information on trip rates per lasd along with other sources. Each
zone was assigned a number of trips based on pleedfyland use likely to be found in

that zone, e.g., a raw food processing companyneagxpected to be found in Zone 1,
downtown area but rather in Zone 6 representinga or suburban area.

In VISSIM, vehicles originate from or are destineda parking lot. A zone can
have several parking lots in which traffic outflaw inflow depends on the user-defined
proportion of parking lots available in each zon€&he drivers choose the destination
parking lot in a discrete manner. The choice isedam a utility function which account
for factors like parking time fee per hour and pagkot open hours (26).

Signalization data obtained from the City Fort Péehad a maximum cycle length
of 120 seconds as presented in Appendix F; thexef@rdefault cycle length of 120
seconds was set in VISSIM while green splits andsply were set based on the
intersection geometrics found in the simulated woekw Following animation review of
the simulated trial runs, signal timing data wedgisted to reduce congestion on various
intersections and to equalize traffic flow in diat parts of the network.

4.3.2.3 Network Simulation Scenarios

VISSIM is capable of modeling a truck lane restoictthrough the option of a
“lane closure” in which a lane can be closed topac#ied vehicle type. Therefore,
following this VISSIM capacity, four scenarios wedentified, simulated and evaluated.
Trucks were restricted to the left lane in thetfssenario, then restricted from the right
lane in the second scenario, and restricted toeheer lane for roadways with three lanes
in the third scenario. The existing condition ob“restriction” was the fourth scenario.
Also, the truck proportion was varied from 0 to @a#¢ an increment of 0.05 in all
simulation scenarios. All scenarios were simulaed analyzed to document the effects
of truck lane restrictions on non limited accegghiays.

Furthermore, the same OD-matrix was used undescatharios to reduce bias in
the results arising from various traffic conditiangdifferent scenarios. The edited signal
timing resulted in most intersections having a eyehgth lower than 110 seconds. These
edited signal timings were used in simulation sdesa

4.3.2.4 Network Measures of Performance

From the review of literature, operational perfono@ measures include speed,
delay, travel time, queue length and level of sErviFour performance measures were
used in comparing the effect of the truck laneriesin in the various scenarios. The
average speed a vehicle can maintain on each hidkfee average speed for the whole
network were the selected performance measureh. &@trage travel times per roadway
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and network, as a whole, were considered in trasareh. Also, delay times resulting
from both control devices and vehicle interactiovere taken into account as well as
gueue length. In addition, delay and queue lengthrevused to analyze the influence of
truck lane restriction on intersection performance.

4.3.2.4 Network Measures of Safety

This section, discusses simulation outputs thantifiyathe safety effects of a
truck lane restriction and those that give surregatlicators of the likely safety impacts
of the truck lane restriction. Following a compresige literature review, safety
performance measures identified were speed diffiatemeadways and the number of
lane changes. The speed difference among vehiplestgr lanes has been used as a
surrogate measure in assessing the impact of k ke restriction (2, 30). An increase
in the differential speed will, theoretically, iease the probability of a crash occurrence.

Apart from speed differential, lane change freqyasaised to evaluate the safety
level of a transportation facility. The higher ttame change frequency, the higher the
probability of a crash occurrence because of theicle interaction. A truck lane
restriction is expected to lower the lane chandreguency since trucks are restricted to
designated lane unless they make a turning moverdemtever, this might not be valid
based on location and the density of the acces¥ pdiich might necessitate a truck to
cross several lanes to exit. In addition, the lotherheadway, the higher the opportunity
for crash occurrence. This research limits itselspeed differential and the number of
lane changes as safety measures since headwaycaldgeation resulted in a large,
unmanageable file. These safety measures werezadafgr each scenario and used to
compare the results of all four simulated scenarios

4.4 Model Calibration and Validation

Traffic flow characteristics vary from one placeanother depending on traffic
volume, roadway geometry, environmental conditiand driving behavior. Therefore,
these parameters are sometimes site specific. dtthexefore necessary to calibrate the
model to replicate what exists in the field. Cadiioon refers to model parameters
adjustment for output results that compare witheoled field data. Validation occurs
when the output of the model is statistically comapée to observed field data (30).
Calibration and validation methodologies adoptedhis research are similar to those
found in other studies (2, 30, 34, 35).

4.4.1 The Corridor

Guidelines for model calibration and validation yaded by the Federal Highway
Administration (FHWA) and Highway Capacity ManudGM) were adopted in this
research (30,34). Numerous test simulation run® \werformed using VISSIM default
values of minimum headway, maximum and minimum btzagon of all vehicle types,
look ahead and look back distance, probabilityesfiporary lack of attention as well as
driving behavior parameters. In the test runs, el travel time outputs were analyzed
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and compared with field data. Also, animation revigas performed which assisted in
revealing coding errors like vehicles running reaffic signals which results when a
signal head is located at an overlap of a link andonnector. There were observed
differences between VISSIM outputs and field d&@nce each calibration simulation
run was adjusted by fine tuning the driving behayiarameters. The iterative calibration
process resulted in a model that fairly represetitecdbbserved field conditions.

In addition, speed-density-flow relationships résgl from the simulation
modeling were compared to the field data valuessAswn in Figure 4.3 below, the
simulated data matched well with field data. Thehgldifferences in Figure 4.3 might be
a result in different measuring procedures. VIS3&dords each vehicle data every one

tenth of a second but point measure and singldirigaar were used in the field data
collection.
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Figure 4.3:Traffic flow diagrams

The model was further validated by statisticallynparing the calibrated model
results with field observed data (30). The analg$igariance (ANOVA) was used to test
differences between simulated speed with field dpaed results indicated no statistical

difference at anu-level of 0.01. Thep-value is higher than 0.01 as seen in Table 4.3
below.
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Table 4.3: ANOVA summary

Groups Count Sum Average Variance
Observed
Speed g 289.82| 32.20222 15.76437
Simulated
speed g 278.4976| 30.94417| 8.278708
Source of
Variation SS Df MS F P-value F crit
Between
Groups 7.122104 1|7.122104| 0.592445 0.45269| 8.530947
Within Groups | 192.3446 16| 12.02154
Total 199.4667 17

4.4.2 The Network

The hypothetical network was not calibrated ustmg guidelines and procedures
used in some past studies (30, 34). Rather, adlilor was made using realistic input
data, as much as possible, and observing the aomait any coding errors. Animation
helped in visualizing coding errors like full desttion parking lots. Such errors were
resolved by changing from an abstract parkingda zone connector. The capacity of an
abstract parking lot is user-defined, while theawaty of a zone connector is not user-
defined and can cope with only 700 vph per lansoAthis problem can be resolved by
setting parameters that compute a new route olrngat&t if a vehicle-assigned parking
lot is full. In addition, unusual queues at intetsens were resolved by changing
intersection geometrics, especially at input poiots network boundaries and at
intersections by adjusting signal timing.
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CHAPTER FIVE

ANALYSIS OF RESULTS

This chapter discusses the simulation resultsuwkttane restrictions on arterial
streets for the four restriction scenarios thatemdiscussed in detail in Chapter Four.
The VISSIM outputs that measure the influence o€krlane restriction on safety and
operation performance of a roadway were analyzeccedeh simulated scenario. The
results discussed in this chapter are for bothidarrand network simulations. The
measures of performance and surrogate measuresafiety were derived for both the
sections and the intersections that were codedSSW.

5.1 Effect of Restriction on Operation

A number of performance measures were selectethéopurpose of quantifying
the effect of a truck lane restriction on the ofieraof the SR 70 corridor and the
network. The performance measures for both thedmrand the network link analysis
were travel time and speed. Generally, the presemdntersections along a corridor
affects the operational performance of the corridtwus, it was important to account for
the influence of intersections on the performanica oorridor or network by analyzing
measures of effectiveness (MOES) related to intése operations—that is, delay,
stopped delay, and queue length. The followingseations discuss the trend of these
performance measures for both the SR 70 corriddrth@ network under all simulated
scenarios.

5.1.1 Travel Time

Table 5.1 shows the travel time for all four region scenarios. Only through
vehicles that traversed the study section frombtbginning to the end were used in the
travel time data aggregation. The no restricticanario was compared to the three
hypothetical restriction scenarios. The resulticate that restricting trucks to the right
lane is relatively beneficial compared to the “mstriction” scenario. In addition, the
results in Table 5.1 indicate that neither a restm of trucks to the left lane only, nor a
restriction of trucks to the center lane only, idetter alternative compared to “no
restriction” or “restriction to the right lane orilglternatives. They both have negative
impacts on roadway performance by increasing trévee. These results might be
attributed to the fact that the simulated corritlad a raised median with fewer left-turn
driveways compared to right-turn driveways. liisrth noting that in Table 5.1 travel
time increases with an increase in truck percentagardless of which lane trucks are
restricted from.
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Table 5.1: SR 70 travel time

Travel time in seconds
Trucks Trucks

Truck No Trucks use use left use center

Percentage | Restriction | right lane only| lane only | lane only
0% 590.7 558.3 590.7 590.6
5% 599.9 569.8 602.8 602.2
10% 615.5 577.2 617.6 616.4
15% 628.9 584.2 631.0 632.3
20% 646.7 596.3 660.4 655.8
25% 665.0 611.1 685.0 682.2
30% 699.3 632.0 730.0 719.1
35% 741.1 650.7 766.6 757.4
40% 761.4 679.2 794.9 779.4

5.1.2 Average Speed

The average speed was analyzed for each vehiateaypvell as in combination
(all vehicle types) as shown in Table 5.2. The Itesshow that passenger cars have a
higher average speed compared to trucks in alllabeul scenarios. Restricting trucks to
the right lane has advantages for both passengeraca trucks. They both operate at
higher speeds with the truck restriction than withib. However, the results also show
that passenger cars tend to gain more average sp#dedncreased truck percentages
when trucks are restricted to the right lanes.

The results indicate that restricting trucks to tef lane only aggravates the
operational performance of the roadway when contprether restriction scenarios and
to the “no restriction” scenario. Furthermore, rage vehicle speeds decrease with an
increase in truck percentages regardless of the ofptruck lane restriction scenario
imposed. Through these simulation results, it camegally be said that the restriction of
trucks to the right lane is beneficial to the opieramal performance of a roadway.
However, the gain in average speed was not statilstisignificant. A statistical analysis
conducted on the difference between the right lané/ restriction and the “no
restriction” produced p-value greater than 0.05.
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Table 5.2: SR 70 average speed per vehicle type

Average Speed (in miles per hour)

No Restriction

Trucks use right lane

Truck Percentage| Car | Trucks | All Vehicle| Car Truckg All Vehicle
0% | 34.6 0.0 34.6 34.9 0.0 34.9
5% | 34.2 29.8 33.9 34.2 29.5 34.0
10%| 33.3 28.8 32.8 34.0 29.0 33.4
15%] 33.1 28.9 32.4 33.5 28.4 32.6
20% | 32.2 28.1 31.3 33.1 27.9 32.0
25%( 31.4 27.1 30.2 33.0 27.4 31.4
30% | 31.2 26.9 29.8 31.9 26.3 30.0
35% | 28.9 25.2 27.4 30.8 25.5 28.6
40% | 27.8 23.9 26.1 30.3 24.7 27.9
Trucks use left lane Trucks use center lane
Truck Percentage| Car | Trucks | All Vehicle| Car Truckg All Vehicle
0% | 34.6 0.0 34.6( 34.7 0 34.7
5%/ 33.9 29.3 33.6( 34.0 29.5 33.7
10%| 33.5 28.4 32.8( 33.5 28.4 32.9
15%] 32.9 28.1 32.1( 32.9 28.1 32.1
20% | 32.5 27.4 31.4( 32.0 27.2 30.9
25% | 31.7 26.7 30.3| 32.3 26.9 30.8
30% | 30.1 25.2 28.4( 30.8 25.6 29.0
35% | 28.2 23.6 26.1| 28.2 23.7 26.4
40% | 27.3 22.7 25.4( 28.0 23.4 25.9
The results of the average speed analysis for tmelated network do not

indicate a clear speed difference among the foematos of interest as shown in Table
5.3. This might be attributed to the fact thatyofdur out of 22 roadways in the
simulated network had a truck lane restriction.wideer, the results in Table 5.3 show a
clear trend of average speed decreasing with #trease in truck percentage for all four
scenarios. Closer examination of Table 5.3 furii@ws that passenger cars travel with
higher speed than trucks and the difference indpedéwveen passenger cars and trucks
increases with the increase in truck percentagecam be surmised, therefore, that
imposition of a truck lane restriction affects aage truck speeds negatively when the

truck percentage is higher on a particular roadway.
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Table 5.3: Network average speed per vehicle type

Average Speed in miles per hour
No restriction Trucks use right lane

Truck All
Percentage Car Trucks All Vehicles Car Trucks Vehicles
0% 32.9 0 32.9 32.9 0.0 32.9
5% 32.5 32.3 325 32.7 30.6 32.6
10% 32.7 32.2 325 32.4 30.3 32.2
15% 32.5 31.9 32.3 32.4 30.2 32.2
20% 32.7 32.0 32.4 32.5 30.2 32.3
25% 32.1 31.3 31.8 32.2 29.4 31.8
30% 32.2 31.9 31.9 32.3 29.5 31.9
35% 32.3 315 31.9 32.0 28.9 31.4
40% 31.9 31.2 31.4 32.2 28.8 31.6
Trucks use Left lane Trucks use Center lane

Truck All
Percentage Car Trucks All Vehicles Car Trucks Vehicles
0% 32.8 0 32.7 32.9 0 32.9
5% 32.7 31.0 32.6 32.7 31.0 32.6
10% 32.6 30.3 32.4 32.6 31.0 32.3
15% 32.7 30.1 32.4 32.6 30.8 32.3
20% 32.7 30.1 32.2 32.8 30.6 32.3
25% 32.2 29.6 31.8 32.3 29.9 31.6
30% 32.6 29.9 32.1 32.3 30.4 31.8
35% 32.4 29.4 31.8 32.3 29.7 31.5
40% 32.2 29.2 31.5 32.2 28.0 31.3

5.1.3 Delay

Delay is a measure of intersection performance eha® demonstrate the
influence of a truck lane restriction on intersectioperations. Table 5.4 shows the
intersection delay experienced by vehicles forf@llr scenarios and for the nine truck
percentage levels used in the simulation. Thelteesn Table 5.4 show that “no
restriction” scenario, restriction to the left lared restriction to the center lane resulted
in less delay at low truck percentages—that is, tapl0 percent—but increased
substantially as the percentage of trucks increasétbwever, different results are
observed when the restriction is to the right lang. The delay is higher at low truck
percentages compared with delay recorded from atbenarios and increases slightly
with the increase in truck percentage. It can thesinferred from these results that
restriction to the right lane only is a better alsgive for improving intersection
performance.
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Table 5.4: Corridor intersection delay

Truck Delay in seconds
Percentage NO Trucks use right Trucks use | Trucks use
Restriction| lane only left lane only | center lane only,
0% 40.6 42.0 40.6 40.6
5% 43.4 44 4 43.4 43.4
10% 46.6 46.3 46.6 46.4
15% 49.6 49.0 49.6 49.8
20% 54.2 52.1 54.2 53.5
25% 57.7 55.7 57.7 57.5
30% 63.5 59.5 63.5 62.2
35% 68.1 62.1 68.1 66. 5
40% 70.5 64.9 70.5 69.9

Table 5.5 presents the results of the intersec@ay at a network level analysis.
The delay for each truck percentage is the weightedage of the delay measured from
all signalized intersections. The introductionaofane use restriction for trucks slightly
reduces intersection delay when compared to theéstriction” scenario However, the
results do not give a clear indication of whichdarucks should be restricted to in order
to obtain a significant reduction in intersectioalay. Regardless of the restriction
scenario, the results in Table 5.5 show that ietgisn delay increases with the increase
in truck percentage. In addition, it is noteworthwyt the results of a restriction to the
right lanes or to the left lanes present effect$oam roadways out of the 22 roadways in
the network. However, restriction to the centerelgoresents effects on only two
roadways out of 22 roadways in the network. Thaigcts of restriction in reducing
intersection delay might have been higher if maradways had truck lane restriction
within the network.

Table 5.5: Network intersection delay

Delay in Seconds
Truck No Trucks use| Trucks use | Trucks use
Percentage restriction| right lane | left lane center lane
0% 47.3 39.1 36.9 37.3
5% 41.1 40.0 39.8 39.7
10% 42.9 41.5 41.9 41.9
15% 44.5 43.4 43.5 43.5
20% 46.4 45.4 45.3 45.6
25% 47.4 47.1 47.2 46.8
30% 48.9 48.4 48.2 48.5
35% 50.1 49.6 49.7 49.8
40% 51.7 51.2 51.13 50.7
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5.1.4 Total Stopped Delay

Total stopped delay is another VISSIM intersectmutput that was used to
analyze the influence of a truck lane restrictionimmtersection operations. The stopped
delay data were aggregated to measure the influehae truck lane restriction on
roadway intersection performance. The resultsabld 5.6 show similar trends to the
delay results discussed earlier. There is no ahehcation of which scenario is better in
reducing total stopped delay at an intersectiorhe Tesults in Table 5.6 show that
generally restricting trucks to the right lane ontjnimizes total stopped delay at higher
truck percentages than at lower truck percentag&nce delay is a measure of
congestion (31), restricting trucks to the rightdamay be beneficial only on congested
intersections.

Table 5.6: Corridor intersection total stopped dehy

Truck Total Stopped Delay in seconds
Percentage NO Trucks use | Trucks use | Trucks use
Restriction| right lane left lane center lane
0% 29.6 31.2 29.6 29.6
5% 30.8 32.3 31.1 31.1
10% 32.6 33.3 33.0 32.8
15% 34.4 34.9 34.8 34.8
20% 36.5 37.0 37.6 37.2
25% 38.6 39.1 39.8 39.6
30% 41.6 41.5 43.6 42.5
35% 44.1 43.1 46.6 45.1
40% 45.8 44.8 47.8 47.3

The results of the intersection total stopped ddétaythe network had similar
trends to those recorded in the corridor analydike results in Table 5.7 suggest that
none of the analyzed scenarios seem to be bettedurcing intersection total stopped
delay. A closer look of the results in Table Jdicates that there is an increase in total
stopped delay with the increase in truck percentagmrdless of the scenario being
considered. Further analysis of individual intetgms on roadways with truck lane
restriction and roadways without truck lane resitsit revealed no clear pattern in the
difference between recorded total stopped deldyss can be explained by the fact that
once a vehicle changes a route it is not necedsarthe vehicle to use the nearby
roadway over the shortest route. Thus, intersestan the new shortest route will be
affected more than the intersections on restrim@dways or abutting roadways.
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Table 5.7: Network intersection total stopped deka

Total Stopped Delay in Seconds

Truck No Trucks use| Trucks use | Trucks use
Percentage restriction| right lane | left lane center lane
0% 33.0 26.5 24.9 25.2

5% 27.8 27.0 26.8 26.7

10% 28.9 27.8 28.0 28.1
15% 29.9 29.0 29.0 29.1
20% 31.0 30.3 30.1 30.4
25% 31.5 31.3 31.2 31.0
30% 32.5 32.0 31.8 32.0
35% 33.2 32.7 32.7 32.9
40% 34.1 33.8 33.6 33.3

5.1.5 Queue Length

VISSIM groups the results of the intersection asiglyby turning movements.
Also, VISSIM gives the average queue length ohakllyzed intersections. The analysis
reported herein used the average queue lengthghsasy the individual intersections’
gueue lengths. For both the network and the SRorfidor, ten simulation runs were
performed using various random number seeds. Tdrerdhe SR 70 and network queue
length results presented in Table 5.8 and Tablegspectively are the weighted average
of the ten simulation runs. The results show that average queue length is slightly
higher for the existing conditions (no restrictiaghin queue length associated with trucks
being restricted to the right lane only. Restnigtirucks to the center lane or left lane
increases queue length more than the “no restnicioenario at higher truck percentages
of about 20 percent or higher. However, it canobserved in Table 5.8 that as the
percentage of trucks increases, intersection qlength increases under all scenarios.
However, these differences were not statisticagipiicant.

Table 5.8: Corridor intersection queue length

Truck Queue Length in Feet

Percentage NO Trucks use | Trunks use | Trucks use
Restriction| right lane left lane center lane

0% 139.7 138.6 139.8 140.0

5% 150.8 148. 7 150.8 150.4

10% 160.1 156.1 160.1 160. 6

15% 169.3 164.5 169.3 172.4

20% 185.7 175.1 185.7 186.1
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Truck Queue Length in Feet
Percentage NO Trucks use | Trunks use | Trucks use
Restriction| right lane left lane center lane
25% 203.2 185.8 203.2 204.5
30% 232.3 200.8 232.3 232.8
35% 254.8 213.9 254.8 255.0
40% 269.4 226.1 269.4 267.3

Table 5.9 presents the weighted average queuehlerigall intersection in the
simulated network. These average queue lengthtsdsave similar trends to those of the
corridor analysis presented above. The effectérwdk lane restriction on the four
roadways in the network that had a restrictiorl stdicate that restricting trucks to the
right lane only reduces queue lengths at intersesti Further analysis of individual
intersections in the network revealed no cleargpatbf average intersection queue length
among different simulation scenarios.

Table 5.9: Network intersection queue length

Queue Length in Feet

Truck No Trucks use | Trucks use | Trucks use
Percentage restriction | right lane left lane center lane
0% 110.3 97.3 93.3 93.5

5% 99.4 96.5 97.2 96.8
10% 101.9 98.7 100.7 100.0
15% 104.6 101.9 103.1 102.3
20% 107.6 104.6 106.1 105.8
25% 109.2 108.3 109.2 108. 7
30% 111.5 110.6 111.3 111.3
35% 113.9 113.3 114.0 113.7
40% 116.7 115.6 116.8 115.6

5.2 Effect of Restriction on Safety

As mentioned in Chapter Four, the frequency thaveds change lanes and the

differential speed were used as surrogate safegsumes as was mentioned in Chapter
Four. These same safety measures were used fotHs8SR 70 corridor analysis and the
network level analysis. Data on the number oklahanges were collected for all

vehicle types whereas differential speed was daltbas the speed difference between
the two vehicle types and among lanes. Each safesure is discussed in detail in the
following sections.
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5.2.1 Number of Lane Changes

Number of lane changes, or lane change frequenag, wsed as a surrogate
measure of safety in this study. The results inl§&.10 show that restricting trucks to
the right lane reduces the frequency of driversnghmy lanes thus reducing their
exposure to a crash occurrence. Restricting trtkbe left lane and to the center lane
increases the number of lane changes when compared restriction”. These results
suggest that the probability of a crash occurresadevated when a left and center lane
restriction is used as a truck management stradeggn arterial street. However, in all
scenarios the number of lane changes decreasegshgitincrease in truck percentage.
Therefore, since the number of lane changes isaal gadicator of the potential for
vehicular conflicts that could result in trafficashes, the reduction in the number of lane
changes at high percent of trucks may suggestrdffic crashes are less likely to occur
under congested conditions with high truck peragegaSimilar results were found in the
review of literature (2, 11).

Table 5.10: Number of lane changes on SR 70

Truck Number of Lane Changes
Percentage | NO Trucks use | Trucks use| Trucks use
Restriction| right lane left lane center lane
0% 47726 44230 48904 49177
5% 50831 47345 52820 52835
10% 53804 49345 54552 54643
15% 55521 51223 56337 55565
20% 56863 52693 57183 56917
25% 57765 52550 58386 57628
30% 57107 53229 58548 57928
35% 56544 53649 57669 57311
40% 56446 52997 57448 56931

Data analysis at the network level revealed that namber of lane changes
decreases with the increase in truck traffic voluegardless of the scenario in effect. A
closer look at the results in Table 5.11 indicdles restricting trucks to the center lane
or the left lane increases the number of lane ofmngpre than when restriction is to the
right lane or when there is no restriction. It dls be surmised from the results
displayed in Table 5.11 that restriction of trudksthe right lane or going with “no
restriction” seem to be better options.
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Table 5.11: Network number of lane changes

Number of Lane Changes
Trucks use | Trucks use | Trucks use
Truck No right lane left lane center lane
Percentage restriction | only only only

0% 290207 290864 296110 292396
5% 283621 283168 287141 288079
10% 276508 275516 279828 278313
15% 271060 273151 273100 273888
20% 264325 267483 265730 266057
25% 256933 258077 263878 258495
30% 253235 250441 255152 253985
35% 246568 244217 247651 248106
40% 241451 242096 241810 240740

5.2.2 Speed Differences Among Vehicles and Lanes

Speed differences among vehicles and lanes werd asesafety surrogate
measures. Table 5.12 presents the speed diffesenoag vehicles resulting from each
scenario. The speed difference among vehicleaisstally significant with or without
truck lane restriction at an alpha value of 0.0%ré&bver, a speed difference among
vehicles within the same lane on roadways withamtiek lane restriction was significant
indicating some vehicles were traveling at highgeesls than other vehicles. However,
the difference in speed among vehicle types irsttiee lane on roadways with truck lane
restriction was statistically significant. This famdicates that the theoretical safety
benefits resulting from reduced lane change frequemight be outweighed with
increased speed differential between cars andgruck

Table 5.12: Speed difference among vehicles on 3R

Speed Difference (in miles per hour)
Truck No Restriction Trucks use right lane
Percentage | lane 1| lane 2| lane 3| lane 1| lane 2| lane 3
0%| 34.0 33.6] 33.3] 34.0/ 335 355
5% 4.4 3.8 4.1 4.8 4.4 6.5
10% 4.0 4.2 4.0 4.3 5.0 7.1
15% 3.9 3.9 4.0 5.0 5.3 7.2
20% 4.2 4.0 3.6 4.8 4.8 6.8
25% 4.1 4.1 3.8 5.7 5.5 7.1
30% 3.8 3.8 3.3 4.9 4.9 6.5
35% 3.7 3.9 3.3 5.5 4.9 5.6
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Speed Difference (in miles per hour)
Truck No Restriction Trucks use right lane
Percentage | lane 1| lane 2| lane 3| lane 1| lane 2| lane 3
40% 3.6 3.5 3.3 4.1 4.5 5.5
Truck Trucks use left lane Trucks use center lahe
Percentage | lane 1| lane 2| lane 3| lane 1| lane 2| lane 3
0%| 34.0 33.5| 33.3|] 34.1| 335 334
5% 6.1 4.2 3.9 5.9 4.1 5.7
10% 5.3 4.1 4.2 4.5 4.3 5.2
15% 5.5 4.7 4.1 5.0 3.8 4.6
20% 5.5 4.6 3.8 4.8 4.5 5.0
25% 5.2 4.5 4.1 4.8 4.3 5.1
30% 5.0 4.2 4.0 4.5 4.2 4.3
35% 4.5 4.0 3.8 4.9 4.2 4.0
40% 4.9 4.0 3.6 4.2 4.0 4.2

Speed difference among vehicle types for the nétwsmems to increase with the

imposition of a truck lane restriction more so thanhout a truck lane restriction as

Table 5.13 indicates. Furthermore, the differensipéed increases with an increase in
truck traffic volume. Thus, imposition of truck knrestriction increases vehicle

interaction which in turn increases the probabitifyrash occurrence.

Table 5.13: Speed difference among vehicles on thetwork

Speed Difference Within the Lane in miles per hour

Trucks use right lane

Truck No restriction only
Percentage |lanel | lane2| lane3 Ilane{l lang2 Ilane 3
0% 32.6| 33.3| 32.8| 32.7| 333| 325
5% 0.8 0.9 -1.1 1.2 3.4 11.2
10% 0.4 1.0 0.3 0.6 3.7 10.8
15% 0.5 1.0 0.4 1.2 3.4 11.1
20% 0.8 0.7 0.9 1.6 4.3 9.5
25% 0.3 1.2 1.2 1.0 4.9 10.8
30% 0.4 0.5 0.1 1.9 4.6 10.7
35% 1.0 0.7 1.0 1.8 5.0 10.4
40% 1.1 0.8 0.9 1.9 5.3 10.2
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Truck Trucks use left lane only  Trucks use center lan
Percentage |lanel | lane2| lane3 lanefl lang?2 lang
0% 326/ 332 31.7| 31.1| 31.1| 233

5% 2.0 1.6 1.6 -1.3 0.6 -1.5

10% 2.6 2.6 1.1 0.1 0.0 2.1

15% 3.1 2.7 2.1 1.0 -0.6 1.7

20% 2.4 2.6 2.1 0.8 -0.1 1.8

25% 3.2 2.7 1.5 0.2 -0.1 0.0

30% 2.8 2.5 2.5 1.1 -0.7 0.9

35% 3.2 2.9 2.7 0.4 0.1 0.8

40% 3.5 2.6 3.1 0.4 0.2 0.4
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CHAPTER SIX

CONCLUSIONS AND RECOMMENDATIONS

The primary objective of this research was to eat@uhe efficacy of truck lane
restriction on non-limited access highways, paléidy on urban arterial streets. The
desire to restrict trucks from using certain lanessurface streets is predicated on the
ubiquity of such restrictions on limited access hiwgys. It is hypothesized that
extending such restrictions on non-limited acceggvays will result in safety and
operational benefits. Given that the literaturarsle did not reveal any study proving or
disapproving this and related hypotheses, the relseseported herein evaluated
operational and safety implications resulting frémonck lane restriction on non-limited
access highways. VISSIM simulation software wasduis the evaluation following a
field review which showed a lack of sufficient reely sections with a truck lane
restriction on which to collect data and conducbmprehensive analysis.

The corridor selected for study was SR 70 runnimgugh the City of Fort Pierce
in Florida. A 5-mile section located between U lhe east and Florida’s Turnpike to
the west was coded in VISSIM. This section has twdhree travel lanes of travel in
each direction separated by a raised median. sliahspeed limit of 45 mph which was
considered a suitable representative corridor aastan average of 30,000 vehicles per
day with a large number of trucks on weekdays, ajgproximately 20 percent of AADT.

To analyze the area-wide effect of a truck lan¢rict®n, a hypothetical network
was simulated. The network was coded with varissn and suburban characteristics
including 100 roadway sections with lengths rangirgm 1/8-mile to 2 miles. The
network had a total of 121 signalized intersecti@m&l more than 50 unsignalized
intersections to represent typical urban and suwburgeometric characteristics. To
further represent an urban roadway configuratibred roadway types were specified:
one way streets, two-way streets with two traveetaper direction, and two-way streets
with three travel lanes per direction.

Consistent with the literature review which showeak trucks can be restricted to
the left or to the right lanes, four simulation rs@eos were identified and analyzed in
both corridor and network setups. The no restiicicenario that currently exists on SR
70 and three alternative restriction scenarios ek into a VISSIM simulation model.
Three restriction scenarios were simulated -- igin to the right, center, and left lane
in the 3-lane section of SR 70. Review of tratfeta provided by FDOT revealed that
the noon peak period had higher traffic comparedh#® morning and evening peak
periods; hence, all simulation scenarios were aealyoased on noon traffic volumes.

6.1 State Route 70 Corridor Analysis Conclusions

The analysis of operational measures resulting fileensimulation indicated that
restricting trucks to the right lane reduced tratrele when compared to the existing
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scenario of no restriction. The savings in tratrele were found to be statistically
significant. The results showed that the averaaet speed of passenger cars increased
when trucks were restricted to the right lane. &herage truck travel speeds decreased
following the restriction but statistical analysshowed that the decrease was not
significant.

The results further showed that restricting truttk$he center lane and to the left
lane diminished roadway operational performancereagaled by various VISSIM
simulation outputs. These two restriction scersavwere associated with increased travel
time, delay, and reduce travel speed for both paggecars and trucks. The results
showed that restricting trucks to the left lane Hasl most undesirable results given that
on a divided roadway with a median. Trucks tendeddcess driveways located on the
right through the right lane thus they had to cleatanes frequently to access these
driveways.

Furthermore, analysis of individual intersectiorrfpemance measures indicated
similar trends in which restricting trucks to thght lane reduced queue lengths at these
intersections. Interestingly, reduction in quesrggths was more pronounced as the truck
percentage was varied higher in the simulation. lo&t truck percentages, up to 25
percent, there was no improvement in intersectiopped delay when restriction to the
right was compared to no restriction at all. Samntio section analysis, restricting trucks
to the center lane or to the left lane resultead idegraded intersection performance as
revealed by increased queue lengths, stopped daldyoverall delay for all vehicles.

Speed differential among vehicles and the frequeotyane changes were
considered as surrogate measures of safety rdta@druck lane restriction. The results
showed that the number of lane changes decreased tmincks were restricted to the
right lane compared to no restriction at all. Téignifies there might be safety benefits
associated with restricting trucks to the rightelaon 6-lane divided urban non-limited
access roadways. The speed difference betweédstamd passenger cars was somewhat
higher when trucks were restricted to the righelamore so than with any other scenario.
The general conclusion that can be made is thatatasy trucks to the center or left lane
exacerbates traffic operations and safety probletmereas restricting trucks to the right
lane has some measurable advantages.

6.2 Network Simulation Conclusions

The network simulation results mirrored corridomslation results in that
restricting trucks to the right lane improved istxtion performance by reducing queue
lengths and total stopped delay. However, when rdseilts were disaggregated to
individual roadway segments, the analysis reveatedlear travel time pattern on both
roadways with restriction and without restrictioithis might be attributed to the route
choice parameter that was specified in the dynanaiific assignment modeling. The
network results further showed the average spe¢dicks decreased with the imposition
of a truck lane restriction; the decrease was ealhe@ronounced at high truck traffic
volumes, i.e., over 25 percent of AADT.

61



Similar to corridor analysis, surrogate measuressafety in the network
simulation revealed a reduction in the number afelachanges when trucks were
restricted to the right lane but an increase innim@ber of lane changes was noted when
trucks were restricted to the left lane or centerel compared to the base simulation
scenario of no restriction. However, this gain sarrogate measure of safety is
counterbalanced by the increase in differentiabddgetween cars and trucks, as well as,
differential speeds among the travel lanes. Cleselysis of the results showed that
differential speed between vehicles and among lérethe no restriction scenario was
lower than any of the other three restriction scesa

6.3 Recommendations

The simulation analysis of truck lane restrictiam ron-limited access roadways
revealed some interesting points. First, implemegniruck lane restrictions on roadways
with only two through lanes in each direction ankeve bottlenecks exist is relatively
infeasible. It is recommended that truck lane retsns in such situations be avoided.
This recommendation is based on the simulationltesabserved during simulation
animation indicating that areas with lane drops asfbrter spaced intersections
experienced excessive vehicle queues that loweaigdltspeeds appreciably.

The results of both corridor and network simulatrewealed some operational
and safety advantages associated with trucks bestgcted to the right lane. These
results apply to sparsely spaced driveways andrbanuroadways with frontage roads
where driveway entrance or exit is not directlynfrghe right lane where trucks are
restricted. In addition, spacing of signalizecgmsections is crucial and must be carefully
evaluated in the field. In areas with signalizetktisections spaced closer than 1/8-mile,
a truck lane restriction to the right lane might be feasible since trucks may not have
sufficient roadway length required to safely exeatane change.

Implementation of truck lane restrictions on adkstreets would also required
careful consideration of the design and placeménsigns related to the restriction.
Highly urbanized roadways are already clogged witgns placed on the shoulder and
medians; thus, adding more signage on these roadwayld be problematic. The
success of enforcement of truck lane restrictianarberial streets will depend on careful
design and placement of signs warning drivers efekisting restriction and informing
truckers of the release distances in the vicinitythe intersections. Therefore, it is
recommended that a comprehensive analysis of sigited issues should be conducted
prior to the implementation of a truck lane restoic on an arterial streets.

It is further recommended that the restrictioriratks to the left or center lane of
arterial streets should not be considered for imglatation. The results arising from the
simulation of these scenarios clearly indicated seh restrictions will have deleterious
effects on safety and operational wellbeing of streets. Although it might be argued
that these simulation results were not backed el fvalidation, it is not a stretch to
foretell the negative consequences that might résuh implementing left or center lane
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restriction based on the fact that on divided roaygby driveways are located on the right
and trucks will need to be in the right lane toemscthese driveways or side streets.

The analysis of the truck lane restriction at avoek level can be improved by
coding a real existing network with its prevailib@gffic and signalization data. Both
congested and un-congested flow conditions cannbelated to determine whether truck
lane restriction should be time-based—that is ricstg trucks during particular times
such as peak commuting periods. Given that inpec&y metropolitan area some routes
are designated as truck routes, further study shioeliconducted to determine the number
of roadways that should have either a truck lasg&iotion or a total restriction of trucks.

63



APPENDIX A: Types of Commodities Shipped In U.S

TABLE A.1: Value, Tons, and Ton-Miles of Freight Sipments within the United States
by Domestic Establishments, 2002

Avera
Val ge
Ton- ue | miles
Value Tons miles’ per per
SCT ($billi | Perc | (millio | Perc | (billio | Perc | ton | shipm
G ons) | ent ns) ent ns) ent | (B ent
Live animals and
live fish 1,0
01 7.2 0.1 6.5 0.1 2.0 0.1] 99 534
02 | Cereal grains 559 0.7| 578.6| 5.0| 263.7| 82| 97 125
Other agricultural
products
03 129.9| 15| 2775 24| 1221 3.8| 468 477
Animal feed and
products of
animal origin
(NEC)
04 55.3] 0.7] 240.0f 2.1 775 24| 230 141
Meat, fish,
seafood, and their
preparations 2,4
05 2049 2.4 85.0| 0.7 41.8 1.3| 10 192
Milled grain
products,
preparations, and
bakery products 1,0
06 119.7| 14| 116.0f 1.0 51.4 16| 32 265
Other prepared
foodstuffs and
fats and oils
07 362.3| 43| 463.4| 40| 171.2| 5.3| 782 206
Alcoholic 1,2
08 | beverages 1158 14 93.7 0.8 25.6 0.8| 36 56
13,
09 | Tobacco products 77\2 0.9 5.8 0.1 1.3 0.0] 320 414
Monumental or
building stone
10 2.5 0.0 16.9 0.1 1.3 0.0| 145 170
11 | Natural sands 46 0.1| 466.3| 4.0 34.0 1.1| 10 57
Gravel and
crushed stone
12 12.6 0.1 1,775.2| 15.3| 104.6| 3.3 7 33
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TABLE A.1 Continue

Avera
Val ge
Ton- ue | miles
Value Tons miles’ per | per
SCT ($billi | Perc | (millio | Perc | (billio | Perc | ton | shipm
G ons) | ent ns) ent ns) ent | ($) ent
Nonmetallic
13 | minerals (NEC) 12.7| 0.1] 186.3] 1.6 57.0/ 18| 68 214
Metallic ores and
concentrates
14 157 0.2] 116.1] 1.0 59.4| 1.9]| 136 465
15 | Coal 24.1 03| 1,255.1] 10.8| 562.5| 17.6| 19 112
Gasoline and
aviation turbine
fuel
17 233.6/ 2.8| 840.4| 7.3| 130.2] 4.1| 278 103
18 | Fuel oils 109.6 1.3| 507.5| 4.4| 108.9| 34| 216 81
Coal and
petroleum
products (NEC)
19 747 09| 431.3] 3.7 96.0/ 3.0| 173 125
20 | Basic chemicals 1521 1.8| 497.0f 43| 173.9] 5.4| 306 516
Pharmaceutical
products 18,
21 426.8| 5.0 22.8| 0.2 12.1| 0.4| 697 722
22 | Fertilizers 341 04| 2142 1.9 74.4| 2.3| 159 150
Chemical
products and
preparations
(NEC) 2,1
23 2344 2.8| 109.8] 0.9 548 17| 34 409
Plastics and
rubber 2,3
24 343.4| 40| 147.0] 1.3 83.9| 26| 35 430
Logs and other
wood in the
rough
25 5.2 0.1 86.3| 0.7 8.9 0.3| 60 108
Wood products
26 140.0f 1.7| 3211, 2.8| 1140, 3.6| 436 250
Pulp, newsprint,
paper, and
paperboard
27 102.4| 12| 139.9| 1.2 82.6| 26| 732 233
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TABLE A.1 Continued

Avera
Val ge
Ton- ue | miles
Value Tons miles’ per | per
SCT ($billi | Perc | (millio | Perc | (billio | Perc | ton | shipm
G ons) | ent ns) ent ns) ent | ($) ent
Paper or
paperboard
articles 1,4
28 105.9| 1.2 725 0.6 25.5| 0.8| 60 282
Printed products 3,9
29 136.9] 1.6 34.4| 0.3 17.4| 05| 77 903
Textiles, leather,
and articles of
textiles or leather 9,5
30 507.0| 6.0 53.3 0.5 34.6 1.1] 11 967
Nonmetallic
mineral products
31 1431 1.7| 910.3| 7.9| 120.3| 3.8| 157 388
Base metal in
primary or semi-
finished forms
and in finished
basic shapes
32 253.7| 3.0| 326.0f 28| 121.6| 3.8| 778 275
Articles of base 2,0
33 | metal 2349 28| 1157 1.0 44.4 14| 31 396
8,0
34 | Machinery 509.5 6.0 62.9 0.5 34.7 11| 94 413
Electronic and
other electrical
equipment and
components and
office equipment 17,
35 948.0| 11.2 53.8] 0.5 32.9 1.0| 625 747
Motorized and
other vehicles
(including parts) 5,5
36 735.7| 8.7| 133.7| 1.2 59.1 1.8| 04 401
Transportation
equipment (NEC) 15,
37 163.0/ 1.9 10.3 0.1 6.2 0.2 871| 1,003
Precision
instruments and
apparatus 14,
38 222.0| 2.6 15.2 0.1 3.4 0.1]| 600 986
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TABLE A.1 Continued

Avera

Val ge

Ton- ue | miles

Value Tons miles® per | per

SCT ($billi | Perc | (millio | Perc | (billio | Perc | ton | shipm
G ons) ent ns) ent ns) ent | ($) ent

Furniture,

mattresses and
mattress supports,
lamps, lighting
fittings, and 43
39 | illuminated signs 135.0 1.6 30.9 0.3 13.3 04| 73 564

Miscellaneous

manufactured 4,4
40 | products 4047 4.8 90.6 0.8 37.1 1.2| 67| 1,003
41 | Waste and scrap 49,3 0.6 305.6 2.6 71.1 22| 161 163
2,5
43 | Mixed freight 858.3 10.1| 332.2] 2.9 57.8 1.8| 84 434
Commaodity
unknown 19.6 0.2 25,5 0.2 10.1 0.3| 769 585
All commodities | 8,483. 11,572. 3,204.
é 1]100.0 8100.0 41 100.0] 733 589

KEY: NEC = not elsewhere

classified; P = preliminary; SCTG

= Standard Classification of

Transported Goods.

& Estimates exclude shipments of crude petroleum (5C4).

® Ton-miles estimates are based on estimated distaraveled along a modeled transportati
network.

NOTE

Estimates are preliminary and may be revised. Gmesfor the 2002 Commaodity Flow Surve
(CFS) differs from previous surveys due to a ch&nga the 1987 Standard Industrial
Classification system to the 1997 North Americagulstry Classification System and other
survey improvements. Therefore, data users aeduguse caution when comparing 2002
CFS estimates with estimates from prior yearsalR2002 CFS available January 2005.

SOURCE

U.S. Department of Transportation, Bureau of Transpion Statistics, U.S. Department of
Commerce, Census Bure@002 Commodity Flow Survey: United States (Prelamyih

on

Y

(Washington, DC: December 2003), table 3a.
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APPENDIX B: Survey Questionnaires
Questionnaire: Survey on Truck Lane Restriction on Arterial Streets

The Florida Department of Transportation (FDOT)nierested to learn from your state
the efficacy of restricting trucks on multilane earal streets in urban and rural areas.
Truck lane restrictions are very common on intéesteeeways and frequently FDOT has
to respond to local agencies requesting the peadie extended to multilane surface
streets in their localities. We would like you tosaver the following questions to assist
FDOT in developing a uniform statewide policy orstissue.

Yes
No

1. Does your agency have a policy on truck langicti®n on arterial 3
streets? r

2. If yes, please provide email and/or phone nurobére person we should contact to
discuss this issue in more detail.

=
|

| _H

3.Are you aware of the existence of truck laneriegin on arterial -
streets on any roadways other than state-maintaoat$ in your state? Yes No

4.1f yes, we will appreciate if you provide the nesyof the cities or counties that we
should contact.

_

| _H

5. Whether or not arterial streets truck lane ret#bn is practiced in your state, what is
your opinion on this issue?
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H
|« | i

6. Please provide us with your name, title, andaxrinformation.

Name: |
Title: |
Contact

=l
Info.: J

| of

Detailed Questionnaire: Survey on Truck Lane Restgtion on Arterial Streets

The Florida Department of Transportation (FDOT)nierested to learn from your state
the efficacy of restricting trucks on multilane earal streets in urban and rural areas.
Truck lane restrictions are very common on intéesteeeways and frequently FDOT has
to respond to local agencies requesting the peadie extended to multilane surface
streets in their localities. We would like you tosaver the following questions to assist
FDOT in developing a uniform statewide policy orstissue.

1. Does your agency have a policy on truck |EE [
restriction on arterial streets? Yes™ No
2. What kind of trucks are targeted by the lan&ric®on?

L Tractor trailers only

C Tractor trailers and all other vehicles pullinglees

L All trucks

L Other (explain‘J
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3. How widespread is truck lane restriction onraaitestreets in your city or county?

Approximately how many corridors are you aware‘

4. Do you know if engineering studies were conddigieor to implementing truck
restriction on some of these arterial street consiﬁEj YesEj No

5. In your opinion, what do you think were the likeeasons for imposing the truck lane
restrictions?

+ Toimprove safet;Ej YesEj No

« To improve traffic operationEj YesEj No

« Other reasons (explaiwl,,

[ [

6. Generally, which lane or lanes are trucks supppo®t to use’  Left lane

lane

7. Besides your city or county, are you aware gf@ther streets with truck lane restriction
your state?

E vesE No

Right

8. If yes, we will appreciate if you provide thenmas of the cities or counties that we should
contact.

kI i

Please provide us with your name, title, and cdantdormation.

70



Name: |
Title: |

Contact
Info.:

H
| | i

Submit

We appreciate you time and help on this mattgrolf have additional information,
documents, photographs, etc.

71



APPENDIX C: Questionnaire Responses

TABLE 3.1: General Questionnaire Responses

State Name e-address Have policy Have truck |a@deinion
restriction
Alabama Charles E. | cemetzger@dothan.org No Yes There is restriction on Ross Clark cifcle
(Dothan city | Metzger (R.C.C) road (14.4miles).no tickets have
been written in regards to the restriction
signage. The signs may be helping on |the
east side of the R.C.C where traffic |is
lighter.
Alaska Kurtis J Kurt_smith@dot.state.ak.u | NO No Truck lane restrictions that keep the left
Smith s lanes clear of truck traffic are helpful.
Arizona Mike mmanthey@azdot.gov No No No opinion
Manthey
Arkansas Tony Tony.sullivan@arkansashi | No No No opinion
Sullivan ghways.co.us
Staff
Traffic
Engineer
California SAM by phone No No They have truck route restriction
(san Diegd 619-533-3198
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TABLE C.1Continued

State

Name

e-address

Have policy

Have truck

restriction

|gDyinion

Colorado

Dwayne
Wilkinson
PEII -

Dwayne.Wilkinson@dot.st
ate.co.us

No

Yes

-The cities and counties by state st
decide on restrictions on their faciliti
CDOT has jurisdiction on state highway
If a city or county wants to make

restriction on a state highway facility

must be approved by CDOT as per the s
statutes. If it is not a state highway, CD(
would not need to approve.

- The state highways are designed to ¢
truck traffic thus there is typically n
restriction on this traffic on these facilitie
This would be the case even if the facil
is functioning as an arterial.

tute
S.
S.
a

it
tate
DT

Arry
o)
S.

ity

Georgia

Carla W

Holmes

Carla.holmes@dot.state.q
a.us

No

No

I think it would be difficult to restrict
trucks to certain lanes on arterials since
trucks need access to properties on both
sides of the roadway, and for right and le
turns, and thus may need to be in any lat
at any time. Compliance and enforcemer
would be very difficult. Also, since there i
much more signage on arterials already,
presence of more signage for this purpos
could be problematic

lllinois
Naperville

Steve Cope

copes@naperville.il.us

No

No

I’m proponent.
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TABLE C.1Continued

State

Name

e-address

Have policy

Have truck
restriction

|gDyinion

Indiana

Carl T
Tuttle

ctuttle@indot.in.us

No

No

We do have TRUCK LANE restrictions
a few locations on the State Highw

DN
ay

system. At these locations, the truck lane

restrictions are

necessary for the
progression of the majority of traffic. They

work well because the local police enforce

the restrictions pretty rigorously.

Idaho

Pat
Williams

Pat.williams@itd.idaho.gov

No

No

No opinion

lowa

Timothy D.
Crouch

tcrouch@dot.state.ia.us

No

No

The use of lane restrictions should be |
to a minimum. They should only be us
when there is a safety concern or ot
engineering reasons for the restriction

ept
ed
her

Kansas

David A.
Church P E

church@ksdot.org

No

No

There are a number of communities {
have designated “truck routes” for drive
so that trucks are not traveling through
heart of their cities. Feel free to contact
cities of Leavenworth, ElI Dorado, Gard
City, Dodge City and there are probal
others.

| think that trucks need to be given
“reasonable access” to the use of roadws
to move goods and services. However, if
there are width / weight limitations or the
Is a safety issue, a truck route should be
designated.

Louisiana

Charles
Adams

By phone

No

No

No opinion

hat
IS

the
the

Dly

Ay's

re
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TABLE C.1Continued

State

Name

e-address

Have policy

Have truck
restriction

|gDyinion

Maine

Bruce
ibarguen

Bruce.ibarguen@maine.go

\

No

No

Maine does not have traffic volumes or
highway density to require this approach
Therefore, | have no experience on whic
to base an opinion.

Maryland

Tom Hicks

thicks@sha.state.md.us

No

No

- OK for steep hills — Trucks generally
need the use of all lanes — OK for
roadways structural reasons — OK to
avoid bikes or low tree limbs — OK for
where specific safety reasons suggest st
restrictions

Mississippi

Wes Dean

wdean@madot.state.ms.us

No

No

| don’t have an opinion on it at this tin
We just haven't had to address this issu
Mississippi

Missouri

John
Schaefer

john.schaeferijr@modot.m

0.gov

No

No

-Although | do not know of any
restrictions, you may call the City of St.
Louis. | do not have any contact
information for them.

-This is my personal opinion and may not

represent the state or Missouri DOT. It m
be practical to restrict trucks based on
height/width/length/weight restrictions on
certain routes.

Montana

Duane
Williams

duwilliams@mt.qgov

No

No

There may be times when it would be g¢
to restrict trucks to one lane. For exampl
on an arterial with double lane roundabo
where the inside lane does not

ay

od

Uts

accommodate the turning path.
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TABLE C.1Continued

State

Name

Have truck
restriction

e-address Have policy

|gDyinion

Nebraska

Randall
Peters

O

Ipeters@dor.state.ne.us No No

It is often a challenge to sign the reguriat
restrictions effectively.

Nevada

Scott L.
Thorson

sthorson@dot.state.nv.us | NQ No

I don't think that lane restrictions

Arterials would work very well. Especially

bn

if there are a lot of cross streets. Vehigles

want to preposition early for making tur

ns

off of the arterial. We have restricted trugks

to certain lanes on freeways though

New
hemisphere

William
Lambert

wlambert@dot.state.nh.us | No No

Truck traffic is a given means of deliveyi

n

goods in a market oriented society. Lane

restrictions on truck traffic can lead
congestion in lanes allowing trucks, w
available capacity in adjacent, tru
restricted lanes. From observation, that

to
th
ck
can

lead to unnecessary lane shifts by motorists

forced (or encouraged?) to move over
the trucker behind them.

by

North
Carolina

Ken lvey,
P.E.

kwivey@dot.state.nc.us No No

It would be difficult to enforce due to
turning movements, entering traffic, etc.
would question the benefits of truck lane
restrictions for arterial streets

North Dakota

Allan
L.Covlin

acolvlin@state.nd.us No No

A restriction may be difficult to enforce
along a corridor with numerous accesses.

Ohio

Dave
Holstein

Dave.hilstein@dot.state.oh | No No
.us

| am unaware of this practice anywhere in

Ohio. About the only thing close would
bus only lanes.
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TABLE C.1Continued

State Name e-address Have policy Have truck |a@einion
restriction
Ohio Andrew R.| across@city.cleveland.oh. | Yes Yes This issue is probably more politicalntha
Cleveland Cross s engineering in nature. People tend |to
City request truck restrictions on major arterials
in Cleveland more often than you would
expect (even on designated truck routes). |
believe that truck restrictions are over used.
Oklahoma Harold hsmart@odot.org No No Not in place even on freeways becausg of
Smart deterioration
Oregon Edward L. | Ed.Lfischer@odotstate.or. | No No Compliance and enforcement issues will
Fischer P.E| *® probably make it difficult to realize
benefits. If the purpose is to prevent
pavement damage a total ban on trucks
from certain streets may be better. If the
purpose is one of traffic efficiency, the
benefits may not actually accrue.
Pennsylvania| Kenneth F No No Truck lane restrictions are a useful
Williams application when justified by a properly
conducted study. Local input is very
important.
Rhode island| Robert brocchio@dot.state.ri.us | NO No | would need to see it in practice prior| to
RocchioP.E having an opinion.
South Richard B. | wertsrb@dotstate.sc.us | No No No opinion
Carolina Werts
South Dakota John Adler | John.adler@state.sd.us No No If done, there should be good justification for

it. I'm not sure what that would be. Large
trucks cause obstructions to the view for oth
drivers no matter which lane they are locateg

within.
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TABLE C.1Continued

State Name e-address Have policy Have truck |a@einion
restriction
Tennessee Michael L.| Mike.tugwell@state.tn.us | No No Seems impractical and creates much
Tugwell stopping and starting due to right turn
traffic
Texas Margaret A. mmoorel@dot.state.tx.us | NO No We do not believe restrictions should|be
Moore established on non-controlled access
roadways.
Vermont Amy L. amy.gamble@state.vt.us | NO No Vermont has very few multi-lane arterial
Gamble, PE streets, and none with more than two
through lanes per direction. All of our
interstates are 4 lanes (2 each direction.)
Truck lane restriction would not he
practical.
Virginia Michael D. | Michael.nichols@vdot.virgi | No No We have generally not been in favor| of
Nichols nia.org restricting trucks to specific lanes on
arterial streets due to the potential
disruptions to traffic flow as trucks are
usually serving businesses situated on both
sides of the roadway.
Virginia Travis Travis.bridewell@vdot.virgi | Yes No As long as this need is documented via g
(Richmond | Bridewell | M&4% traffic engineering investigation including
District) measuring the possible impacts on
restricting trucks and the state law allows
the restriction | am fine with restrictions gn
non-arterial streets.
Virginia Andrew Andrew.mclaughlin@vdot. | No No | am in agreement with truck lane
(Hampton McLaughli | ¥madov restrictions on arterial streets.
District) n
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Table C.1 Continued

\re

State Name e-address Have policy Have truck |a@einion
restriction
Virginia Ronnie Ronnie.hubble@vdot.virgi | NO No | believe that separating truck and
(Bristol Mack nia.gov passenger vehicles will become an even
District) Hubble hotter safety issue and the practice of tru
lane restrictions will migrate. My opinion
is that in some situations that will be a
justified solution.
Washington | Wayne No No No opinion
State(Seattle | Wentz
City) Eric eric.widstrand@seattle.go | No Yes -There are spot locations where trucks 3
Widstrand | ¥ restricted to the curb lane due to weight
limits on bridges
- There is safety and operational reasons
why it makes sense to restrict truck usage
in some instances.
Washington | William william.mcguirk@dc.gov | No No | suppose they would be beneficial on la
DC McGuirk with height restrictions or substandard
pavement conditions. Washington, DC h
never given much thought to this specifig
issue. We would be interested in knowing
more about the subject and its potential
applicability.
Douglas E. | Douglas.noble@dc.gov No No Where appropriate due to clearance or
Noble pavement structure conditions it could be

applicable. Most truck routes in our jurisdicti
are also city bus routes so a lane restriction
really doesn’t make sense for us. We would
look at restricting the entire street if

DN

appropriate.
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TABLE C.1Continued

State

Name

e-address

Have policy

Have truck
restriction

|gDyinion

Washington
State

Theodore
Trepanier

trepant@wsdot.wa.gov

No

Yes

There are many cities within Washingtot
with truck restrictions on local arterials.

Spokane and Seattle (cities) are samples

—

D.

West
Virginia

Charles R.
Lewis

rlewis@dot.state.wv.us

No

No

The only justification for such a restristi
would be to overcome some geome
constraint that could not be addressed
other means. Even in such an instarn
enforcement may be difficult.

ric
by
ce,

Wisconsin

David I.
Vieth

david.vieth@dot.state.wi.u

S

No

No

There may be some benefit in such a
restriction for arterial streets, especially
where the arterial serves longer trips. Th
impact of trucks on traffic flow through
signalized intersections, and the longer
acceleration/deceleration times does hay
significant impacts on traffic flow.
Enforcement would be difficult, but not
impossible, as use of the left lane(s) wou
generally be necessary for access. That
would be similar to access provisions for
longer commercial vehicles; enforcemen
would need to reach a conclusion as to
whether the access need was legitimate.
Another down side would be the signing
needed to accomplish this restriction ang
the added complexity or confusion for all
drivers

D

e

Id

[
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TABLE C.1Continued

State Name e-address Have policy Have truck |a@einion
restriction
Wyoming Michael N. | Mike.gostovich@dot.state. | No No % WYDOT does not restrict any
Gostovich | "4 vehicles from using any of our
street system—as long as they meet
height and weight criteria.
However, we will allow loca
jurisdictions to restrict trucks if thely
set up a truck route and have| a
means of allowing delivery trucks
into the restricted areas.
s It can be beneficial in certain
situations.
Arizona, Alan alan.sanderson@cityofme | No No It doesn’t seem appropriate or necessary on
Mesa City | Sanderson | 3221 the arterial streets in our city.
Florida, City| Don don@coj.net No No | can see the use on arterials that|are
of Fullerton connections (lengthy) between developed
Jacksonville areas (cities) where speeds would |be
higher. Not within metropolitan areas and
shorter arterials.
Ohio, Bill Lewis | walewis@columbus.gov No No Restricting trucks to the curb lane could
Columbus interfere  with  pedestrian and bike

movements as well as parked cars
transit operations. | would willing t

and
D

consider under the right circumstances. |

am familiar with the 1-95 truck restrictions

in South Florida. Will the research results

be available to the public?
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TABLE C.1Continued

State Name e-address Have policy Have truck |a@einion
restriction
Indiana, Ron Brand | rbrand@indygov.org No No | can see it could help traffic flow.
Indianapolis
Oregon, Peter Peter.Mason@pdxtrans.or | NO No It is not clear to me how restricting tragk
Portland Mason, PE | ¢ to a particular lane would be enforced,
given the need to make left turns.
Texas, Dallag Andy aoberla@dot.state.tx.us No No Texas has truck lane restrictions on |the
Oberlander, highway system were trucks can |be
P.E. restricted from the left lane given that

certain conditions apply. | support this ki

of operation. My opinion is that restricting

trucks on certain lanes on arterials will b

nd

S a

significant challenge to make operational

and enforce based on restricting a tri
from a lane directly impacts where truc
can turn right and left. If the restriction
on the left lane, that restriction for 4
practical purposes restricts trucks frg
turning left along that corridor. The sar
can be said for right lane restrictions. T
same challenges are faced when trucks

onto a facility that has lane restrictions,

would think that with the significantl
large number of access points on an art¢
(as compared to a control access highw
proper notification to support enforceme

ick
ks
is
all
m
ne
he
turn
|

y
erial

ay)
Nt

will be a challenge.
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TABLE C.1Continued

State Name e-address Have policy Have truck |a@einion
restriction
Pennsylvania| Louis Ibelmonte@state.pa.us No No It could have an application, but only [on
, Philadelphia Belmonte facilities at least three lanes wide (gne
PE direction) and where there are non-stan(%ard

left turns (such as jug handles).

California, Peter Chun | pfchun@oaklandnet.com | No No The City of Oakland is densely populated

Oakland with a dense network or streets. Truckers
typically avoid local streets and try to
access State freeways as soon as possible.
Therefore we have few roads where trugcks
and vehicles interact over long distandes.
The few arterials we have with heavy tryck
mix are designed to access or exit freeways
by making a right turn which lends truckers
to stay in the right lane during trips to and
from the freeways.

Kentucky, A. Dan | dan.curtis@Iouisvilleky.go | No No | believe they can be useful

Louisville- | Curtis, v

Jefferson AICP

Tennessee, | Ken ken.johnson@memphistn. | No No No real need has arisen yet on any of| the

Memphis Johnson qov areas arterials that | am aware |of.

Enforcement of truck restrictions on certain

streets is already tough enough. Targeting
enforcement of lane restrictions, | think,
may even prove more difficult.
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TABLE C.2: Detailed Questionnaire Responses

State Name e-address HayeéHave lane Types of| Have lane Opinion
policy | restriction| trucks restriction
restricted
California Casey Robb | casey_robb@dot.ca.gov No No N/A No -Local truck
(Sacramento restrictions are a local
matter and is not under
California DOT
jurisdiction

- We only know about
state routes, not loca

roads
Delaware Adam S.| Adam.Weiser@state.de.us No Yes Yes These restrictions are
Weiser, applied based on
E.ILT. engineering judgement
-2 roads have

restriction but not thée
entire corridors  aré

U\

restricted
-Left Lane
Hawaii Alvin Alvin.takeshita@hawaii.gov No No No Not applicable
Takeshita policy
Kentucky Duane Duane.thomas@ky.gov No No No No opinion
Thomas
Minnesota | Bernard J/ bemie.arseneau@dot.state.mn.us No No No No opinion
Arseneau,
PE,
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TABLE C.2 Continued

State Name e-address HaveHave lane Types of| Have lang Opinion
policy | restriction| trucks restriction
restricted
New Jersey Tim.szwedo@dot.state.nj.us Yes Yes Yes In general our state
Timothy  J. motor vehicle code
Szwedo prohibits all trucks

from using the left lang
when there are 3 ar
more lanes in the same

A1%

direction
Douglas R, Douglas.bartlett@dot.state.nj.us Yes Yes Yes -all  vehicles over
Bartlett 10,000 pounds (type of

trucks restricted)
-any road having 3 g
more lanes in on

=

D

direction
- Left Lane
Puerto Rico | SAMUEL sforestier@act.dtop.gov.pr No No No Restrict on left lane
FORESTIER
Utah Robert Hull | rhull@utah.gov No No No No opinion
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APPENDIX D: Truck Lane Restriction Sites Photo’s

TABLE D.1: Photos

State _Poo

e
ALL TRUCKS
THI\S LANE

Florida (Havana
City)
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TABLE D.1 Continued

State

Alabama (Dothan

City)

Photos
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TABLE D.1 Continued

State Photos

| - TRUCKS OVER
6 WHEELS
MUST USE TWO

RIGHT

Georgia (Stewart
County)
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APPENDIX E: State’s Statutes

TABLE E.1: Statute Sections

State Section Section explanations

Alabama 32-5A-88 (3) Official traffic-control desgs may be erected directing specified traffi¢ to
use a designated lane or designating those laresused by traffic moving
in a particular direction regardless of the cenfdahe roadway and drivers of
vehicles shall obey the direction of every suchicev

Alaska 13 AAC 02.085. (b) Upon a roadway which is divided into three &m@@d provides for two
way movement of traffic, no vehicle may be drivarthe center lane, except
when overtaking and passing another vehicle trageh the same direction
when the center lane is clear of traffic for a sdifgance, in preparation for
making or completing a left turn, or where the eertine is at the time
allocated exclusively to traffic moving in the diten that the vehicle i
proceeding.

[92)

13 AAC 03.085.
(b) Upon a roadway that is divided into three laaed provides for two-wa
movement of traffic, a commercial motor vehicle mragt be driven in the
center lane, except (3) when the center lane eeatkd exclusively to traffi
moving in the direction that the vehicle is prodegd

O <<

Arizona 28-736. A. If the department or a locahauity determines on the basis of an
engineering and traffic investigation of a highwmger its jurisdiction that
the designation of a specific lane or lanes fordfraf the vehicles prescribed
in subsection B of this section would facilitate tafe and orderly movement
of traffic, the department or local authority magsdjnate a specific lane or
lanes for the travel of those vehicles and shalttesigns at reasonable
intervals giving notice of those lanes.

B. The following vehicles shall be driven in thedsor lanes designated
pursuant to subsection A of this section if sigresexected giving notice of
that designation:
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TABLE E.1 Continued

State

Section

Section explanations

Arizona

28-736.

1. A motor vehicle or vehicle combination with aclé@ed gross weight of
more than twenty-six thousand pounds, excludingptnvehicle designed
for carrying sixteen or more passengers, includegdriver. For the
purposes of this paragraph, “declared gross wegyhd’“vehicle
combination” have the same meaning prescribedadticse28-5431.

2. A vehicle that is drawing a pole trailer thatighes six thousand or more
pounds.

C. This section does not apply to a driver whoreppring for a left-hand or
right-hand turn, who is entering or exiting a higtywor who must necessaril
drive in a lane other than the designated lan@mtirue on the driver's
intended route.

Arkansas

27-51-302.

(2) Official signs may be t@directing slower-moving traffic to use
designated lane or allocating specified lanes afficr moving in the sam

direction, and drivers of vehicles shall obey tireations of every such sign|

California

§4122

§ 4114.

(3) Traffic-control devices may be erected diregtapecified traffic to use a
designated lane or designating those lanes todzmstraffic moving in a
particular direction regardless of the center efrtbadway, and drivers of
vehicles shall obey the directions of every sualffit-control device.

Driver Manual: Towing Vehicles, Buses, or Large Trucks; When you tow a vehicle or trailer,
or drive a bus or three- or more axle truck, you must drive in the right-hand lane or in a lane
specially marked for slower vehicles. If no lanes are marked and there are four lanes or more
in your direction, you may only drive in either of the two lanes closest to the right edge of
the road.

y

1%
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TABLE E.1 Continued

State Section Section explanations
California (a) Whenever the Department of Transportation or locall
21655. authorities with respect to highways under their
respective jurisdictions determines uponlthsis of an
engineeringand traffic investigation that the
designation of a specific lane or lanes for thedlaf
vehicles required to travel at reduced speeds would
facilitate the safe and orderly movement of traffiee
department or local authority may designate a §ipec
lane or lanes for the travel of vehicles which subject
to the provisions of Section 22406 and shall esapts
at reasonable intervals giving notice thereof.
No person may drive any of the following vehictesa
highway at a speed in excess of 55 miles per hour:
22406. (a) A motortruck or truck tractor having thraenoore axles or
any motortruck or truck tractor drawing any othehicle.
(b) A passenger vehicle or bus drawing any otleéicle.
(c) A schoolbus transporting any school pupil.
(d) A farm labor vehicle when transporting pagsss.
(e) A vehicle transporting explosives.
(f) A trailer bus, as defined in Section 636.
Colorado 42-4-1007

| Official traffic control devices may be erectenledting specified traffig
to use a designated lane or designating those lené® used by traffi
moving in a particular direction regardless of deamter of the roadway, ar

\J

drivers of vehicles shall obey the directions oémvsuch device.
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TABLE E.1 Continued

State

Section

Section explanations

Connecticut

14-248-14-236

When any highway has lb@éeded into two or more clearly marked lanes
for traffic, (1) a vehicle shall be driven as nga$ practicable entirely withir
a single lane and shall not be moved from such lemiéthe driver has
ascertained that such movement can be made watysaid (2) the State
Traffic Commission may erect, on state highwaysl, lacal traffic
authorities, in accordance with standards appriwyettie State Traffic
Commission, may erect on highways under their giicton, signs directing
slow-moving traffic to use a designated lane othwigns, signals or
markings, may designate those lanes to be use@fig imnoving in a
particular direction regardless of the center eftiighway, and drivers of
vehicles shall obey the directions of each such,smgnal or marking.
Violation of subdivision (1) of this section shbk an infraction.

Delaware

21-41- 4122

(3) Traffic-control deviceaynbe erected directing specified traffic to us
designated lane or designating those lanes to & I traffic moving in &
particular direction regardless of the center a tbadway, and drivers (
vehicles shall obey the directions of every sualffit-control device.

District of Columbia

Florida

316.089

(3) Official traffic control devices may be erettdirecting specified traffi¢

to use a designated lane or designating those lené® used by traffi
moving in a particular direction regardless of demter of the roadway; ar
drivers of vehicles shall obey the directions oémvsuch device.

Georgia

Code 40-6-52.

c) On roads, streets, or highways with three or maeamed
allowing for movement in the same directioib, shall be
unlawful for any truck to operate in any lanes otti@an the
two most right-hand lanesxcept when the truck is prepari
for a left turn or as otherwise provided by subisec{d) of this

—

ea
1
Of

\J

d

Code section.
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TABLE E.1 Continued

State Section

Section explanations

Georgia Code 40-6-52.

d) On roads, streets, or highwaysith two lanesallowing for
movement in the same direction, it shall be unldkdu any
truck to operate in the left-hand larexcept when the truck
actually overtaking and passing another vehicleparing for
a left turn, or as otherwise provided by subsec{mnof this
Code section.

Hawaii 291c-49

(3) Official traffic-control devisanay be erected directing specified traffig
use a designated lane or designating those larmEsused by traffic moving

in a particular direction regardless of the cenfahe roadway and drivers of

vehicles shall obey the directions of every sugh si

Idaho 49-637

(3) Traffic-control devices may beoted directing specified traffic to use
designated lane, or designate those lanes to loebyseaffic moving in a
particular direction, regardless of the centehefhighway and drivers of
vehicles shall obey the directions of every device.

lllinois 625 I LCS 5/11-709

| Official traffic control devices may be erecteidedting specific traffic to
use a designated lane or designating those laresused by traffic moving

in a particular direction regardless of the cenfahe roadway and drivers of

vehicles shall obey the directions of every suchate On multi-lane
controlled access highways with 3 or more lanesna direction or on any
multi-laned highway with 2 or more lanes in oneediron, the Department

may designate lanes of traffic to be used by dfietypes of motor vehicles|

Drivers must obey lane designation signing excdpmmit is necessary to us
a different lane to make a turning maneuver.

Indiana IC 9-21-8-3

Lane use restrictions
Sec. 3. (a) The Indiana department of transporiatiay adopt rules to
restrict the operation of a truck to a certain lan&anes of a state maintaine

to

a

e

highway and to a certain lane or lanes of a stkatcity or town that is a pa
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TABLE E.1 Continued

State

Section

Section explanations

Indiana

IC 9-21-8-3

of the state highway system and is maintained b\state.
For interstate highways

Sec. 13. Except when entering or leaving a highaawhere a specia
hazard exists that requires, for safety reasomsu#ie of an alternate lane
person may not operate a truck, truck tractor, toactor, trailer, semi traile

or pole trailer on an interstate highway consistih@t least three (3) lanes|i

one (1) direction in any lane other than the twof¢P right lanes.

lowa

321.306

Official signs may be erected dirertslow-moving traffic to use
designated lane or allocating specified lanes afficr moving in the sam
direction and drivers of vehicles shall obey thrections of every such sign.

Vehicles moving in a lane designated for slow-mguiraffic shall yield the
right of way to vehicles moving in the same direatiin a lane not s
designated when such lanes merge to form a siagée |

A portion of a highway provided with a lane forwlonoving vehicles doe
not become a roadway marked for three lanes didraf

Kansas

8-1521.

8-1522.

(@) The secretary of transportation and local aitihe with respect tg
highways under their respective jurisdictions maggighate any highway
roadway, part of a roadway or specific lanes updmckv vehicular traffic
shall proceed in one (1) direction at all or suafet as shall be indicated
official traffic-control devices.

| Official traffic-control devices may be erectdutecting specified traffic tg
use a designated lane or designating those lanas tsed by traffic movin
in a particular direction regardless of the ceofethe roadway and drivers
vehicles shall obey the directions of every suchae

Kentucky

189.340
8(b)

The operator of any motor truck, semi trailer truolds, or heavy constructio
equipment unit, when traveling upon a highway algsof a business ¢
residential district, shall not follow within twouhdred fifty (250) feet o
another such vehicle or equipment unit. This subm@shall not prevent
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TABLE E.1 Continued

State

Section

Section explanations

Kentucky

189.340
8(b)

L

overtaking and passing, nor shall it apply to anelspecially designate
for use of motor trucks or semi trailer trucks, ésisr heavy constructior]
equipment units.

Louisiana

32:79

(2) The department may erect signs directing slow ngtiaffic to use a
designated lane or designating those lanes todx mstraffic
moving in a particular direction, and drivers ohides shall obey th¢
directions of such signs.

1%

Maine

29-19-2051

3. SignsAn operator shall obey an official sign or trafientrol device:
A. Directing slowly moving traffic to use a designated
lane
B. Designating a lane to be used by turning traffic or
traffic moving in a particular direction regardlexshe
center of the way; or

Maryland

§ 21-309.

(d) Obedience to traffic control devices. Fae driver of a vehicle
shall obey the directions of each traffic contreVite that directs
specified traffic to use a designated lane or designates those
lanes to be used by traffic moving in a particalaection,
regardless of the center of the roadway.

( Same — Trucks, truck tractors, trailers, or bus@m-a roadway that

has two or more lanes for traffic moving in the sadlirection, the driver

of any truck, truck tractor, trailer, or bus sty the directions of each
traffic control device that requires the vehicldtdriven in a certain
lane.

Massachusetts

(Driver Manual) In the accompanying three-lane diagram, the fatiavel
lane is reserved for buses or high-occupancy vehigiOVs), like those used
in carpools.
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TABLE E.1 Continued

State

Section

Section explanations

Massachusetts

Driving Too Slowly—On amultiple-lane highwaytrucks and buses are
restricted to driving in the two right-hand lan&key use the far right lane fq
normal travel and the second lane as a passinglfaya are traveling in the
second lane, stay with the flow of traffic and al/driving below the speed
limit.

Michigan

257.634

257.642

(3) This section shall not be construed to prokabrehicle traveling in the
appropriate direction from traveling in any laneadfeeway having 3 or mor
lanes for travel in the same direction. Howevarity village, township, or
county may not enact an ordinance which reguldesame subject matter
any provision of this subsection. The driver ofteck with a gross weight of
more than 10,000 pounds, a truck tractor, or a aoation of a vehicle and
trailer or semi trailer shall drive the vehicleammbination of vehicles only i
either of the 2 lanes farthest to the right, exéepa reasonable distance

when making a left turn or where a special hazarst®that requires the use

of an alternative lane for safety reasons.

| Official traffic control devices may be erecteidedting specified traffic to
use a designated lane or designating those laresused by traffic moving

in a particular direction regardless of the cenfahe roadway and drivers of

vehicles shall obey the directions of the traffostrol device.

Minnesota

169.18

Subd. 10. Slow-moving vehicle. Upon all roadways any vehic
proceeding at less than the normal speed of traffihie time and place af
under the conditions then existing shall be driwrethe right-hand lane the
available for traffic, or as close as practicaloldhe right-hand curb or edg
of the roadway, except when overtaking and passngther vehicle
proceeding in the same direction, or when prepaforga left turn at ar
intersection or into a private road or driveway,vdren a specific lane |
designated and posted for a specific type of traffi

e

as

-

e
nd

je

I
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TABLE E.1 Continued

State

Section

Section explanations

Minnesota

169.18

| Official signs may be erected directing slow-nmmytraffic to use a
designated lane or allocating specified lanesdfficrmoving in the same

direction, and drivers of vehicles shall obey tireations of every such sign|

Mississippi

SEC. 63-3-603.

| Official sighs may be erected directing slow-nmmayiraffic to use a
designated lane or allocating specified lanesatffitrmoving in the same

direction, and drivers of vehicles shall obey tireations of every such sign|

Missouri

Chapter 304. 015

(4) Official signs may be erected by the highways transportation

commission or the highway patrol may place temposagns directing slow-
moving traffic to use a designated lane or alloxatipecified lanes to traffic
moving in the same direction and drivers of velidball obey the direction:s
of every such sign;

Montana

61-8-328

(3) Official traffic control devices may be erectdidecting specified traffic tg
use a designated lane or designating those larmEsused by traffic moving
in a particular direction regardless of the centdhe roadway. Operators of
vehicles shall obey the directions of every offi¢raffic control device that
designates use of specific lanes.

Nebraska

60-681

60-6,139

Local authorities may also, by ordinance or resotytprohibit the
operation of trucks or other commercial vehiclegmpose limitations as to
the weight thereof on designated highways, whiciitions and

limitations shall be designated by appropriate siglaced on such highways.

3) Traffic control devices may be erected by th@&ement of Roads or loc

U7

Al

authorities to direct specified traffic to use aigeaated lane or to designate

those lanes to be used by traffic moving in a paldr direction regardless
the center of the roadway and drivers of vehiclesdl ©bey the directions @
every such device; and
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TABLE 5.1 Continued

State

Section

Section explanations

Nevada

NRS 484.305

(3) Upon a highway which has been divided into thremarty marked
lanes, a vehicle must not be driven in the extrésftelane at any

time. A vehicle on such a highway must not be driue the center

lane except:
(a) When overtaking and passing another \emdere the highway i
clearly visible and the center lane is clear dficdor a safe distance;
(b) In preparation for a left turn; or
| When the center lane is allocated exclugive traffic moving in the
direction in which the vehicle is proceeding arsigm is posted to give notig
of such allocation.

New Hampshire

XXI-265:24

. Official traffic cdrol devices may be erected directing specifieffitréo

use a designated lane or designating those lanes tised by traffic moving
in a particular direction regardless of the cenfethe roadway and drivers of

vehicles shall obey the directions of every sugh;si

New Jersey

39:4-88.

f) When such roadway had been divided in such a mahagér

there are 3 or more lanes for traffic in any oneation, no
truck of 10,000 pounds registered gross weightver shall be
driven in the farthest left-hand lanexcept when and to th
extent necessary to prepare for a left turn, omwieressary t
enter or leave such roadway by entrance or exar toom the
left lane or when reasonably necessary in respados
emergency conditions.

New Mexico

66-7-317

C. official signs may be erected directing slmving traffic to use &
designated lane or designating those lanes to é@ long traffic moving in &
particular direction regardless of the center ad tbadway and drivers (
vehicles shall obey the directions of every sugin si
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TABLE E.1 Continued

State

Section

Section explanations

New York

VAT 7.25.1128

| When official traffic-control devices direct slemoving traffic, trucks,
buses or specified types of vehicles to use a datd lane or designate
those lanes to be used by traffic moving padicular direction regardles
of the center of the roadway, drivers of vehidkall obey the directions of
every such sign, signal or marking.

North Carolina

20-146.

3) Official traffic-control devices may leeected directing specified
traffic to use a designated lane or designatingegHanes to be used by traff
moving in a particular direction regardless of tleater of the street and
drivers of vehicles shall obey the direction of gv&uch device.

North Dakota

39-10-17.

3. Official traffic-control devices may be erecticecting specified traffic to
use a designated lane or designating those larmEsused by traffic moving

in a particular direction regardless of the cenfahe roadway and drivers of

vehicles shall obey the directions of every suchae

Ohio

4511.33.

(3) Official signs may be erected directing speciftraffic to use a designats
lane or designating those lanes to be used bydrafiving in a particular
direction regardless of the center of the roadwayestricting the use of a
particular lane to only buses during certain haurduring all hours, and
drivers of vehicles and trackless trolleys shaéiythe directions of such
signs.

Oklahoma

§47-11-309

(4) Official signs may be erected directing slow-movirgffic to use a
designated lane or designating those lanes todukhystraffic
moving in a particular direction regardless of teater of the
roadway and drivers of vehicles shall obey thedtioas of every

such sign.
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TABLE E.1 Continued

State

Section

Section explanations

Oregon

811.325

(1) A person commits the offense of failure to kaegamper, trailer or truck
in the right lane if the person is operating anyhef vehicles described in th
subsection and the person does not drive in thne lage of all roadways
having two or more lanes for traffic proceedinguisingle direction. This
subsection applies to all of the following vehicles

(a) Any camper.

(b) Any vehicle with a trailer.

I Any vehicle with a registration weight of 10,0p0unds or more.

Pennsylvania

75-111-33-3309

3Lanes limited to specific use.-Official traffic-anal devices may be
erected to restrict the use of specified lanepéwified classes or
types of traffic or vehicles, including multi-occunt vehicles or car
pools, and drivers of vehicles shall obey the dioes of every such
device.

Puerto Rico

Rhode island

31.15.(2-11)

2: slow traffic to right

11: Official signs may be erected directing slowwing traffic to use a
designated lane or designating those lanes todzmstraffic moving in a
particular direction regardless of the center efribadway, and drivers of
vehicles shall obey the directions of the sign.

South Carolina

56-5-1900

| Official traffic-control devices may be erectedetting specified traffic to
use a designated lane or designating those laresused by traffic moving
in a particular direction regardless of the cenfdahe roadway and drivers o
vehicles shall obey the directions of every suchaie

South Dakota

32-26-8.

Designation of lane for slow-moving traffic—Vidlan as misdemeanor.
Official signs may be erected on a roadway divioid lanes directing slow-

100



TABLE E.1 Continued

State

Section

Section explanations

South Dakota

32-26-8.

moving traffic to use a designated lane or desiggdhose lanes to be used
by traffic moving in a particular direction regagds of the center of the
roadway and drivers of vehicles shall obey thedtioas of every such sign.

Tennessee

55-8-123

(3) Official signs may be erected directing slowwing traffic to use a
designated lane or designating those lanes todmkystraffic moving in a
particular direction regardless of the center eftbadway, and drivers of
vehicles shall obey the directions of every sugh;sand

Texas

§ 544.011.

LANE USE SIGNS. If, on a highway having more tlare lane with
vehicles traveling in the same direction, the BeRapartment of
Transportation or a local authority places a s$igat directs slower traffic to
travel in a lane other than the farthest left Jahe sign must read “left lane
for passing only.”

Utah

41-6a-703

(2) On a freeway or section of aviray which has three or more general
purpose lanes in the same direction, a person wiagperate a vehicle in the
left most general purpose lane if the person’s:

(a) vehicle is drawing a trailer or semitrailegardless of size; or
(b) vehicle or combination of vehicles hagasg vehicle weight of 12,00
or more pounds

(4) (a) A highway authority may designate a spedéne or lanes of travel
for any type of vehicle on a highway or portionadfighway under its
jurisdiction for the:

(i) safety of the public;

(i) efficient maintenance of a highway; or

1%

(i) use of high occupancy vehicles.
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TABLE E.1 Continued

State

Section

Section explanations

Utah

41-6a-703

(b) The lane designation usddrsection (4)(a) is effective when
appropriate signs giving notice are erected orhigleway or portion of the
highway

Vermont

23-13-1038

(3) Official traffic-control dees may be erected directing specified traffi¢

use a designated lane or designating those larmEsused by traffic moving
in a particular direction regardless of the centdhe roadway, and drivers (
vehicles shall obey the directions of the signs.

Virginia

46.2-803.1.

46.2-809.

46.2-804.

Except where the posted speed limit is less thami&ss per hour, no persor
shall drive any commercial motor vehicle, as defime846.2-341.4, on the
left-most lane of any interstate highway having enitvan two lanes in each
direction.

Truck route:The Commonwealth Transportation Board, or itsgle=e, in
response to a formal request by a local governatty bafter such body has
held public hearings, may, after due notice antbaqr hearing, prohibit or
restrict the use by through traffic of any paragsrimary or secondary
highway if a reasonable alternate route is providéd Board, or its
designee, shall act upon any such formal requebktnamine months of its
receipt, unless good cause is shown. Such restriatiay apply to any truck
or truck and trailer or semi trailer combinatiorcept a pickup or panel
truck, as may be necessary to promote the healitys and welfare of the
citizens of the Commonwealth. Nothing in this seetshall affect the validity
of any city charter provision or city ordinance étefore adopted.

Slow traffic: 4. The Commonwealth Transportation Board, or lacahorities
in their respective jurisdictions, may designaggtilanes for slow-moving
vehicles;

Washington State

46.61.140

(3) Official traffic-tah devices may be erected directing slow moving Q

to

Df

other specified traffic to use a designated langesignating those lanes to be

102



TABLE E.1 Continued

State Section Section explanations

Washington State 46.61.140 used by traffic mowng particular direction regardless of the centéhe
roadway and drivers of vehicles shall obey thedtioas of every such
device.

West Virginia 17C-7-9. (3) Official signs may be erected directing slowwing traffic to use a

designated lane or designating those lanes todmkystraffic moving in a
particular direction regardless of the center eftbadway and drivers of
vehicles shall obey the directions of every sugin si

Wisconsin 346.13 (5) Notwithstanding sub. (2), when lanes have been edaok posted for
traffic moving in a particular direction or at dgsated speeds, the
operator of a vehicle shall drive in the lane desatgd.

Wyoming Laned for traffic: (iii) Official traffiecontrol devices may be erected directing
specified traffic to use a designated lane or aegigg those lanes to be used
by traffic moving in a particular direction regagdt of the center of the
roadway and drivers of vehicles shall obey thedtioas of every such
device;

Uniform Vehicle Code| 11-309 (c) official traffiontrol devices may be erected directing specifiaffit to

use a designated lane or designating those laresused by traffic moving
in a particular direction regardless of the cenfdahe roadway and drivers o
vehicles shall obey the directions of every suchaie

—h
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APPENDIX F: Signalization Data

TABLE F.1: Virginia Avenue at Oleander Blvd

INTERSECTION #: 5

SYSTEM #: 6
SECTION #:
CYCLE #/ SPLIT # C1S1] €281 cC2%2C1S7 Cc1S3 | C1S4| c1S1 c2sl c282 cCc1k2 cC1S3 Cis4
PHASE/ CYCLE | 110 | 120 | 120] 110 110 110 100% 1002 100% 100%  100% 0%10
MOVEMENT TOD AM | NOON| OFF |PM NIGHT| WKND | AM |[NOON | OFF PM NIGHT| WKND
GREEN| 89| 103| 103 89 7.8 7.8.1% 8.6% 8.6%| 8.194 7.1% 7.1%
J AMBER | 4 4 4 4 4 4 3.6% 33% 3.3% 36% 36% 3.6
r ALLRED| 25 [2.5 25| 25 25 25|  2.3% 21% 2106 2.3% 2.3% %2.3
TOTAL | 154 | 16.8 | 16.8] 154 143 14.3 14.0%  14.0% %4014.0%| 13.0%| 13.0%
| GREEN | 33.1| 33.1| 463 408 474 474  30.1% 27.6%9%8.87.1%| 43.1%| 43.1%
AMBER | 4 4 4 4 4 4 3.6% 33% 33% 36% 36% 3.6
— ALL RED| 25 [2.5 25| 25|25 25 2.3% 21% 2106 23% 2.3% %2.3
TOTAL | 39.6 | 39.6 | 52.8) 47.3 539 53.9 36.0%  33.0% %#4/043.0%| 49.0%| 49.0%
GREEN| 89| 103] 9.1 7.8 89 8.9 8.1% 86% 7.6% 7.1%.1%8| 8.1%
b AMBER | 4 4 4 4 4 4 3.6% 33% 3.3% 36% 36% 3.6
ﬂ ALL RED| 2.5 25 |25 25| 2.5 25 2.3% 21% 2106 2.3% 2.3% %2.3
TOTAL | 154 | 168 | 156 143 154 154 14.0% 14.0% %3[013.0%| 14.0%| 14.0%
GREEN | 33.1| 403| 283 265 199 199  30.1%  33.6%9%3.®4.1%| 18.1%| 18.1%
' ‘ AMBER | 4 4 4 4 4 4 3.6% 33% 3.3% 36% 36% 3.6
ALLRED| 2.5 25 |25 25 25 25|  2.3% 21% 2106 2.3% 2.3% %2.3
TOTAL | 39.6 | 46.8 | 34.8 33 26.4 26.4 36.0% 39.0% 29/030.0%| 24.0%| 24.0%
OFFSET| 108| 118 6 39 106 11  98.0% 98.0% 5.0% 35.0%.099 | 100.0%
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TABLE F.2: Virginia Avenue at Sunrise Blvd
INTERSECTION #: 4

SYSTEM#: 6
SECTION #:
CVCLE # SPLIT # c1s1Cc2s1|C2s2 c1s2| c1S3| Cc1S4| C1S1| c2s1| €252 Clsp  C1$3  Clb4
CYCLE 110 120| 120| 110 110 110 100% 100% 100% 100% 100% %100
PHASE/ =55 KN
MOVEMENT AMNOON| OFF PM  INIGHT| "™ | AM |NOON | OFF PM NIGHT| WKND
GREEN | 17.1] 252 | 24.0] 21.5 16.d 138  155% 21.0% 20.0% 19|5% 5%4. 12.5%
J AMBER | 4 | 4 | 4 | 4| 4 4 | 36%| 33% 33% 36% 36% 3.6%
r ALLRED| 2 | 2 | 2| 2 2 2 18% 179 1.7% 18% 1.8% 1.8%
TOTAL |23.1| 31.2| 30.0] 27.5 220 198 21.0% 26.0% 250% 25/0%.0%0 18.0%
GREEN | 413 432 | 44.4] 336 479 468 3750 36.0% 37.0% 30/5%5%3 42.5%
~— AMBER | 4 | 4 | 4| 4| a 4 | 36%| 334 33% 36% 36w 3.6%
— ALLRED| 2 | 2 | 2 | 2| 2 2 | 18%| 179 1.7% 18% 1.8% 1.8%
TOTAL |47.3| 49.2 | 50.4] 39.6 534 52.8 43.00 41.0% 420% 36/0%.0%9 48.0%
GREEN | 89| 103 9.1 89 8d 89 8.1% 8.6% 7.6% B8[1%1% | 81%
b AMBER | 4 | 4 | 4 | 4| 4 4 | 36%| 33% 33% 36% 360 3.6%
ﬁ ALLRED 25 | 25|25 | 25| 25| 25 23% 21% 21% 2.3% 2.8% 3%2
TOTAL | 154 168 | 15.6] 154 154 154 1400 14.0% 130% 14/0%0%4 14.0%
GREEN | 17.7] 163 | 17.5] 21.0 124 155 16.1% 13.6% 146% 19/1%1%1 14.1%
AMBER | 4 | 4 | 4| 4| a 4 | 36%| 33% 33% 36% 360 3.6%
" ALLRED | 25 | 25| 25| 25| 25| 25 23% 21% 2.1% 2.3%  2.8% 3%2
TOTAL |24.2| 22.8| 240 27.H 181 22 22.0% 19.0% 200% 25/0%0%7 20.0%
OFFSET| 108] 10| 12| 61 o ol 9800 8.0 100% '55.0%0%8, 8.0%
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TABLE F.3: Virginia Avenue at S 13th St
INTERSECTION #. 3

SYSTEM #: 6
SECTION #:
Cl1S1 | C2S1 | C2S2 | C1S2 | C1S3 | C1s4 C1s1 C2S1 C2S2 C1S2 C1S3 C1s4
CYCLE #/ SPLIT #

PHASE/ CYCLE 110 120 | 120 | 110 | 110 | 110 | 100% | 100% | 100% | 100% | 100% | 100%
MOVEMENT TOD AMNOON| OFF PM  |NIGHT|WKND| AM | NOON | OFF PM| NIGHT | WKND
GREEN | 7.8 79 | 7.9 78 7.8 78 71% | 66% | 66% | 7.1% | 7.1% | 7.1%
J AMBER | 4 4 4 4 4 4 3.6% | 3.3% | 3.3% | 3.6% | 3.6% | 3.6%
ALL RED| 2.5 25 | 25 25 25 | 25 | 23% | 21% | 21% | 23% | 2.3% | 2.3%
r TOTAL | 143 | 144 | 144 | 143 | 143 | 143 | 13.0% | 12.0% | 12.0% | 13.0% | 13.0% | 13.0%
GREEN | 52.9 | 49.9 | 54.7 | 47.4 | 51.8 | 52.9 | 48.1% | 41.6% | 45.6% | 43.1% | 47.1% | 48.1%
< AMBER | 4 4 4 4 4 4 3.6% | 3.3% | 3.3% | 3.6% | 3.6% | 3.6%
— ALL RED| 25 2.52.5 25 | 25 |25 23% | 21% | 2.1% | 2.3% | 2.3% | 2.3%
TOTAL | 59.4 | 56.4 | 61.2 | 53.9 | 58.3 | 59.4 | 54.0% | 47.0% | 51.0% | 49.0% | 53.0% | 54.0%
GREEN | 11.1 | 24.7 [ 19.9 | 16.6 | 12.2 | 11.1 | 10.1% | 20.6% | 16.6% | 15.1% | 11.1% | 10.1%
AMBER | 4 4 4 4 4 4 3.6% | 3.3% | 3.3% | 3.6% | 3.6% | 3.6%
ALL RED| 2.5 25 | 25 25 25 | 25 | 23% | 21% | 21% | 23% | 2.3% | 2.3%
TOTAL | 176 | 31.2 | 26.4 | 23.1 | 18.7 | 17.6 | 16.0% | 26.0% | 22.0% | 21.0% | 17.0% | 16.0%
GREEN | 12.2 | 115 [ 115|122 | 12.2 | 12.2 | 11.1% | 9.6% | 9.6% | 11.1% | 11.1%| 11.1%
AMBER | 4 4 4 4 4 4 3.6% | 33% | 3.3% | 3.6% | 3.6% | 3.6%
' ALL RED]2.5 25 | 25 | 25 25 25 | 23% | 21% | 21% | 23% | 23% | 2.3%
TOTAL [18.7 18.0 | 18.0 | 18.7 | 18.7 | 18.7 | 17.0% | 15.0% | 15.0% | 17.0% | 17.0% | 17.0%
OFFSET| 108 | 120 | 14 | 64 6 2 | 98.0% |100.0% | 12.0% | 58.0% | 5.0% | 2.0%

106




TABLE F.4: Virginia Avenue at S 25th St
INTERSECTION #: 2

SYSTEM# 6
SECTION #:
9 q
VCLE # SPLIT # c1s1| c2sicezsal. cisd c1s3|cisal cisi| c2si| c2s2  cisp c183  ciB4
! PHASE/ CYCLE| 110 | 120] 120/ 110 | 110 110 100% 100% 100% 100%  100%0%10
MOVEMENT ToD | AM |NOON OFF| PM NIGHT WSN AM |NOON| OFF | PM | NIGHT/WKND
GREEN| 78 | 79| 70 89| 78 78 7.9 66% 6606 81% 71% 71%
J AMBER| 4 4 | 4 4 4| 4| 36%| 33% 33% 36% 3606 3.6%
r QIELD 25 125 | 25|25 25 28 230  20% 210 2.3%  2.8% 3%2
TOTAL | 143 | 14.4| 144 154 148 14]3 13.0% 12.0% 12|0% %4.03.0%| 13.0%
— GREEN| 243 | 390.1| 379 254 441 4300 22.1%  32.6% 31/6% 983.40.1%]| 39.1%
—_— AMBER| 4 4 | 4 4 4| 4| 36%| 33% 33% 36% 3606 3.6%
éII_ELD 25 | 25| 25| 25| 25 25 23%  20% 2.1b6 2.3% 2.8%  2/3%
TOTAL | 30.8 | 45.6]| 444 319 506 495 28.0%  38.0% 37/0% 989.016.0%| 45.0%
GREEN| 7.3 | 158| 158 73| 84 953 66%  13/2% 13.0% 6.6% 76®6%
I AMBER| 4 4 | 4| 4| 4| 4| 36%| 33% 33% 36% 360 3.6%
q é';) 3 3| 3| 3| 3| 3| 27%| 25% 250w 27% 27% 2.1%
TOTAL | 143 | 22.8] 224 143 154 16/5 13.0%  19.0% 19]0% 9%3.04.0%| 15.0%
GREEN| 436 | 30.2| 314 414 227 22]7 39.6%  25.2% 262% 987.80.6%| 20.6%
AMBER| 4 4 | 4 4 4| 4] 36% 33% 33% 36% 3606 3.6%
QIELD 3 3| 3| 3| 3| 3| 27%| 25% 250w 27% 27% 2.1%
TOTAL | 506 | 37.2| 384 484 2907 207 46.0%  31.0% 32/0% 9%4.07.0%| 27.0%
OFFSET 19 | 58 | 66| 91| 55| 49| 17.0% 48.0% 55.0% 83.0% 50/0% %5.0
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TABLE F.5: Virginia Avenue at S 35th St

INTERSECTION # 1
SYSTEM# 6
SECTION #:

VCLE # SPLIT # c1si| c2si c2sp cisa ci1s3| cis4 cisl C2st C282 C182 C1S3  CHLS4
' LASE] CYCLE| 119 120| 120|110 | 1100 114 100% 100% 100% 100% 100%  1D0%
MOVEMENT TOD | AM |NOON| OFF |PM | NIGHTWKND|  AM|NOON| OFF PM NIGHT| WKND

GREEN| 72 | 72| 72 72 7.2 72 6.59 6.0% 6.006 65% 65% 65%
J AMBER| 4 4 | 4| 4 4 4 | 3.6%| 33% 33% 3.6% 3606 3.6%
r é';) 2 2 2 | 2 2 1.8%| 1.7% 1.7% 1.8% 1.8% 1.8%
TOTAL | 132 | 13.2| 132 134 132 132 12.0% 11.0% 11/0% %4.02.0%| 12.0%
GREEN| 71.0 | 69.6| 684 561 567 743 645% 58.0% 57/0% %1.515%| 67.5%
<——  |AMBER| 4 4 | 4| 4 Z 4 | 36%| 33% 33% 36% 360 3.8%
e éllél_D 2 2 2 2 18%|  1.7% 1.7% 1.8% 1.80% 1.8%
TOTAL | 77.0 | 75.6| 744 624 627 808 70.0% 63.0% 62/0% %7.57.0%| 73.0%
GREEN| 138 | 25.2| 26.4] 284 281 105 12.5% 21.0% 22/0% 985.25.5%| 9.5%
AMBER| 4 4 4| 4 Z 4 | 36%| 33% 33% 36% 360 3.8%
éII_ELD 2 2 2 2 2 18%| 1.7% 1.7% 1.8% 180 1.9%
TOTAL | 19.8 | 31.2| 324/ 341 341 165 18.0%  28.0% 27/0% 981.B1.0%| 15.0%
OFFSET 15 | 12 | 22| 27| 8 6 | 14.0% 10.0% 18.0% 25.0% 7.0%  50%
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TABLE F.6: Okeechobee Rd at Virginia Ave

INTERSECTION #:

SYSTEM #: 5
SECTION #:
C4s1 | C1S1 |C2S1|C3S1| C1S2 | €382 | C4S1 | C1S1 | C2S1 | C3S1 | C1S2 | C3S2
CYCLE #/ SPLIT #
| 140 90 | 100 | 110 | 90 110 | 100% | 100% | 100% | 100% | 100% | 100%
PHASE/ CYCLE,
MOVEMENT ) AM [NOON| OFF | PM |NIGHT|WKND| AM | NOON | OFF PM | NIGHT | WKND
GREEN | 84.0 | 47.0 | 53.0 | 53.5 | 47.0 | 64.5 | 60.0% | 52.2% | 53.0% | 48.6% | 52.2% | 58.6%
G AMBER 4 4 4 4 4 4 29% | 44% | 4.0% | 3.6% | 4.4% | 3.6%
— ALL RED| 3 3 3 3 3 3 21% | 33% | 3.0% | 27% | 3.3% | 2.7%
TOTAL | 91.0 | 54.0 | 60.0 | 60.5 | 54.0 | 71.5 | 65.0% | 60.0% | 60.0% | 55.0% | 60.0% | 65.0%
GREEN | 425 | 295 | 335 | 43.0 | 29.5 | 32.0 | 30.4% | 32.8% | 33.5% | 39.1% | 32.8% | 29.1%
\ AMBER 4 4 4 4 4 4 29% | 4.4% | 4.0% | 3.6% | 4.4% | 3.6%
ALL RED| 25 25 | 25 | 25 | 25 25 | 1.8% | 2.8% | 25% | 2.3% | 2.8% | 2.3%
TOTAL | 49.0 | 36.0 | 40.0 | 495 | 36.0 | 38.5 | 35.0% | 40.0% | 40.0% | 45.0% | 40.0% | 35.0%
99 28 90 | 108 | 82 110 | 71.0% | 31.0% | 90.0% | 98.0% | 91.0% |100.0%
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TABLE F.7: Okeechobee Rd at Central Mall Entrance

INTERSECTION #: 7
SYSTEM# 5
SECTION #:
] 1 ] i
CVCLE # SPLIT # casi c1S1| €251 €3Sl C1S2 C3$2 C4Sl CIS1 d2Sl ¢3Sl [c18e2|C
| 140 | 90 | 100| 110] 90| 110 1000A00% | 100%| 100% 100% 100%
PHASE/ CYCLE
MOVEMENT | —To5—| AM |NOON| OFF | PM |NIGHTWKND| AM |NOON| OFF | PM | NIGHTWKND
GREEN| 117.2| 67.8| 780 875 67.8 875 83.79.3%)| 78.0%| 79.5%] 75.3%| 79.5%
<— AMBER| 4 4 4 4 4 4 | 2.0 44% 4.0% 360 44% 3.6%
e éll_zlb 2 2 2 2 2 2 | 1.4% 220 2.0% 1.8% 2.2% 1.8%
TOTAL | 123.2| 73.8| 84.0 935 73.8 935 88.082.0%)| 84.0%)| 85.0%) 82.0%| 85.0%
GREEN| 10.8 | 102| 100/ 105 102 105 7.7% 11.3%0.0%)| 9.5% | 11.3% 9.5%
I| AMBER| 4 4 4 4 7] 4 | 2.0 4.4% 40% 3606 44% 3.6%
éll_zlb 2 2 2 2 2 2 | 1.4% 220 2.0% 1.8% 2.2% 1.8%
TOTAL | 16.8 | 16.2| 160 165 162 165 12.0%8.0%)| 16.0%| 15.0% 18.0%] 15.0%
OFFSET 80 | 2 | 38 | 103| 34| 106 57.002.0% | 38.09 94.0%) 38.0%)| 96.0%
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TABLE F.8: Okeechobee Rd at West Mall Entrance

INTERSECTION #: 6
SYSTEM# 5
SECTION #:
CYCLE #/ SPLIT # C4SlC151[C2S1C3S1 C1S2[C3S2] C4S1] C1S1 C2Si C3j1 Ci1$2 c3s2
CYCLE | 140 90 | 100 110| 90 110 100% 100% 100% 100% %10A00%
PHASE/ NIGH|WKN
MOVEMENT TOD | AM [NOON OFFPM |27 "0 AM - INOON| OFF PM NIGHTWKND
GREEN| 8.0| 7570 | 127 78 83| 57%| 83% 7.0% 11.5M8.3% | 7.5%
J AMBER | 4 | 4 | 4| 4| 4| 4| 29% 44% 40% 360 44% 3.6%
ALLRED| 2 | 2 | 2| 2| 2| 2| 1.4% 22% 20% 18% 22% 1.8%
— TOTAL |14.0] 135 13.0/18.7| 13.5| 14.3] 10.0% '15.0943.0%]| 17.0%]| 15.0%] 13.0%
GREEN | 120.0 70.5 | 81.0/85.3| 71.4| 89.7| 85.7% 78.3%81.0%)| 77.5%]| 79.3%]| 81.5%
_— AMBER | 4 | 4 | 4| 4| 4| 4| 29% 44% 40% 360 44% 3.6%
ep |ALLRED| 2 | 2 | 2 | 2| 2| 2| 1.4% 22% 20% 18% 22% 1.8%
TOTAL [126.0 76.5 | 87.0 91.3| 77.4| 95.7| 90.0% 85.0%87.0%]| 83.0%]| 86.0%] 87.0%
OFFSET| 99 | 46 | 7 | 10| 66| 14| 71.0% 51.099.0% | 9.0%| 73.0%13.0%
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TABLE F.9: Okeechobee Rd at McNeil Rd

INTERSECTION # 5
SYSTEM# 5
SECTION #:
] 1
CVCLE # SPLIT 4 casi1/c1si1c2si|c3si cis2lcas2 casi| c1s1 c2sl €3Sl C1$2 C3S2
cveLe| 140 | 90| 100[ 110 90| 110  10p% 100% 100% 100% 100% 100%
PHASE/ NOO NIGH [WKN
vovement op AM |No| oFF | pm|NEHIWEN| M INoON| OFF | PM | NIGHTWKND
GREEN| 75 | 79| 75| 7.8 79 78 54% 880 7.8% 7.1% 8.8%1%].
4 AMBER| 4 | 4 | 4 | 4| 4| 4| 2.9% 4.4% 40% 360 44% 3.6%
r QIEIE) 25 | 25| 25| 25 25 25 1.8% 28% 25% 2.3% 2.8%3%2
TOTAL | 14.0 | 14.4] 140 14.814.4| 14.3 10.0% 16.0944.0%)| 13.0%] 16.0%] 13.0%
GREEN| 845 | 32.2 405 495358 46.3] 60.4% 35.8940.5%| 45.1%] 39.8%]| 42.1%
S AMBER| 4 | 4 | 4 | 4| 4| 4 29% 4.4% 40% 360 44% 3.6%
— PED | 25 | 25| 25| 25 25 25 18% 284 285% 23% 28%3%2)
TOTAL | 91.0 | 38.7] 47.0 56.142.3| 52.8] 650% 43.00647.0%)| 51.0%| 47.0%] 48.0%
GREEN| 12.2 | 14.7] 16.0 16.011.1| 19.3] 8.7%| 16.3%16.0%| 14.5%]| 12.3%]| 17.5%
Il AMBER| 4 | 4 | 4 | 4| 4 4| 29% 44% 40% 36% 4.4% 3.6%
QELD 2 | 2] 2| 2 2| 1.4% 22% 20% 1.8% 2.2% 1.8%
TOTAL | 18.2 | 20.7] 22.d 22.017.1| 25.3] 13.0% 23.00@2.0%)| 20.0%| 19.0%] 23.0%
GREEN| 10.8 | 10.2] 11.0 11.510.2| 11.6] 7.7%| 11.3%11.0%| 10.5%]| 11.3%]| 10.5%
q AMBER| 4 | 4 | 4 | 4| 4 4| 29% 44% 40% 36% 4.4% 3.6%
QELD 2 | 2] 2| 2 2| 1.4% 22% 20% 1.8% 2.2% 1.8%
TOTAL| 16.8 | 16.2] 17| 17.616.2| 17.6] 12.0% 18.0947.0%)| 16.0%] 18.0%] 16.0%
OFFICE 45 | 30| 70| 76| 60| 78 32.09% 33.090.0%| 69.0%]| 67.0%]| 71.0%
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TABLE F.10: Okeechobee Rd at Kings Hwy

INTERSECTION #: 10

SYSTEM# 5
SECTION #:
1
CVCLE # SPLIT 4 cas1| cis1l c29r3si ci1s2|c3s2| casi| cisi] c2s1 c3si  C1S2  C352
| CYCLE| 140 | 90 | 100 110 90| 110 100% 100% 100% 100% 100%  10D0%

PHASE/ T

MOVEMENT T00 | AM [NOON OFF | PM NIGHT VN | AM  |NOON| OFF | PM | NIGHT WKND
GREEN| 248 | 17.4| 22.0 250 147 402 17.7% 19.8% 22|0%5%83. 16.3%| 36.5%

J AMBER| 4 4 | 4| 4| 4| 4| 29% 44% 40% 36% 44% 3.8%

r QII_ELD 2 2 | 2| 2] 2 1.4%| 2204 2.0% 1.8% 2206 1.8%

TOTAL | 30.8 | 23.4| 284 319 207 462 22.0% 26.0% 280% 0%9. 23.0%| 42.0%
GREEN| 51.4 | 17.4| 200 248 264 1711 36.7% 19.8% 20/0%5%4. 29.3%| 15.5%

— AMBER| 4 4 4| 4 4 4] 29% 44% 40% 36% 44% 3.8%

—— QII_ELD 2 2 | 2| 2] 2 1.4%| 2204 2.0% 1.8% 2206 1.8%
TOTAL | 57.4 | 23.4| 260 308 324 23|I 4L0% 26.0% 26|0% 0%8. 36.0%| 21.0%
GREEN| 262 | 21.9| 24.0 248 156 182 18.7% 24.8% 24/0%5%83. 17.3%| 16.5%
AMBER| 4 4 | 4 4 4| 4| 29% 44% 40% 36% 44% 3.8%
élélb 2 2 | 2| 2 1.4%| 2204 2.0% 1.8% 2206 1.8%
TOTAL | 322 | 27.9] 300 308 216 24]2 23.0% 3LD% 30|0% 0%8. 24.0%| 22.0%
GREEN| 136 | 93| 10d 105 93 105 9.7% 10.3% 1000% 9599.3%| 9.5%

q AMBER| 4 4 | 4| 41 4 4| 29% 44% 40% 36% 44% 3.8%
QII_ELD 2 2 | 2| 2] 2 1.4%| 2204 2.0% 1.8% 2206 1.8%
TOTAL | 106 | 15.3| 16| 165 158 1655 14.0% 17.0% 16/0% 15.0%0%| 15.0%
OFFICE| 45 | 52 | 42| 29| 90| 40| 32.0% 58.00 42.0% 26.0% 100.8860%
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TABLE F.11: Okeechobee Rd at 1-95 NB Off Ramp
INTERSECTION #: 3
SYSTEM #: 5

SECTION #:
) &
CYCLE #/ SPLIT # C4S1| C1S1|C2S1|C3S] C1S2|C3S2) C4S1 | C1S1 C2S1 (C3S1 Cl1g2 C3S2
CYCLE 140 90 | 100| 110 90| 110 100% 100% 100% 100% 100% 100%
PHASE/ NIGH |WKN
MOVEMENT TOD |[AM  |INOON OFF |PM T D AM [NOON| OFF PM NIGHTWKND

GREEN 83.6 | 54.3] 58.0 64.458.8| 72.1] 59.7% 60.39(58.0%) 58.5%] 65.3%] 65.5%
<— AMBER| 4 | 4 | 4 | 4| 4 | 4| 29% 44% 4.0% 3606 44% 3.6%
— éll_zlb 2 2 | 2| 2| 2| 2| 14% 220 20% 1.80 22% 1.8%
TOTAL| 89.6 | 60.3| 64.0 704648 | 781 64.0% .67.0064.0%) 64.0%)| 72.0%| 71.0%
GREEN| 44.9 | 24.2] 30.5 340197 | 26.4] 32.19% 26.9%30.5% 31.0%)| 21.9%| 24.0%
q AMBER| 4 | 4 | 4 | 4| 4 | 4] 29% 44% 4.0% 3606 44% 3.6%
éll_zlb 15 | 15| 15| 1.5 1.5 15 1.1% 1706 1.5% 1.4% 1[79%4%l,
TOTAL| 50.4 | 29.7] 36.0 39.625.2 | 31.9] 36.0% 33.0436.0%) 36.0%)| 28.0%| 29.0%
OFFSET 113 | 90 | 32| 25/ 14| 17] 81.0% 100.082.0%] 23.0%) 16.0%| 15.0%
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TABLE F.12: Okeechobee Rd at 1-95 SB Off Ramp

INTERSECTION #: 2
SYSTEM# 5
SECTION #:
] i
CVCLE # SPLIT # c4as1|c1si|c2si c3si c1sz2| c3s2| casi| cisi c2S1 €391 C1$2 C3s2
CYCLE| 140 | 90 | 100/ 110 | 90| 110 100% 10d% 100% 100% 100% 100%
PHASE/ NIGH | WKN
vovemENT TOD | AM NoON oFF [pm | MSHIWENT am - INooN| oFF PM NIGHTWKND
GREEN| 925 | 62.9| 725 77.0 620 82/5 66.1% 69/998.5%)| 70.0%| 69.9%)|75.0%
<——  AMBER| 4 | 4 | 4 | 4| 4| 4| 29% 44% 40% 3.6% 44% 3.6%
— é:—;) 15 | 15| 15| 15| 1.5 1.8 1.1% 1.706 1.9% 1.4% 1.79%A4%I.
TOTAL| 98.0 | 68.4] 78.0 825 684 880 70.0% 76)078.0%)| 75.0%)| 76.0%] 80.0%
GREEN 36.0 | 15.6| 16.0 215 156 16/0 257% 17/386.0%)| 19.5%)| 17.3%] 14.5%
AMBER| 4 | 4 | 4 | 4| 4 | 4| 29% 44% 40% 360 4.4% 3.6%
b éll_zlb 2 2 2 2| 2| 2| 1.4% 220 20% 1.8% 22% 1.8%
TOTAL| 42.0 | 21.6] 22.0 275 21.6 220 30.0% 24]®8.0%| 25.0% 24.0%]| 20.0%
OFFSET 15 | 88 | 41| 32| 34| 34| 11.0% 98.0%1.0%)| 29.0%| 38.0%)|31.0%
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TABLE G.1: Field Data

APPENDIX G: Field Travel Time and Speed Data

Admin Time: 06/09/06 10:49:24

Device ID: UNIT ID

Idle Speed: 6 km/hr

GPS Sample Rate: 1 sec

GPS Powered: At Power-On

App: Travel Time/Congestion Mgmt Survey

Source: PDA Idle Time: 30 sec Analog Sample Rate: 0 sec PDA Powered: At Power-On  Micro Version:
Idle Sample Rate: 30 sec GPS Type: Standard | PDA Version: 1.110702tc
Number of Enroute Enroute Number of Intersection / Intersection/Delay
Chain Route GPS Records Distance | Duration Avg Delay GPS Records Distance | Duration Avg
Number | Number Departure Time Arrival Time Bad | Good | Speed > Idle (miles) (min) Speed Bad | Good | Speed >Idle | (miles) (min) Speed

06/09/06 10:50:38 | 06/09/06 11:38:40 1 2577 2020 20.92 48.01 0 0 0 0 0
06/09/06 10:50:38 | 06/09/06 10:53:25 1 147 75 0.38 2.78 9.1
06/09/06 10:53:25 06/09/06 11:02:34 0 502 412 4.69 9.15 33.17
06/09/06 11:02:34 | 06/09/06 11:05:01 0 128 96 0.65 2.45 17.15
06/09/06 11:05:01 | 06/09/06 11:13:02 0 468 417 4.68 8.02 35.62

1 1 | 06/09/06 11:13:02 06/09/06 11:14:49 0 68 37 0.3 1.78 13.76
06/09/06 11:14:50 | 06/09/06 11:23:50 0 504 391 4.69 9 33
06/09/06 11:23:50 06/09/06 11:27:57 0 160 103 0.64 4.12 14.02
06/09/06 11:27:57 | 06/09/06 11:37:41 0 543 450 4.7 9.73 30.83
06/09/06 11:37:41 06/09/06 11:38:40 0 57 39 0.19 0.98 8.83
06/09/06 12:02:45 | 06/09/06 13:06:23 10 | 3274 2544 25.08 62.57 0 0 0 0 0
06/09/06 12:02:45 | 06/09/06 12:02:48 0 0 0 0 0.05 0
06/09/06 12:02:48 06/09/06 12:06:51 10 120 49 0.24 4.05 6.79
06/09/06 12:06:51 | 06/09/06 12:13:54 0 418 388 4.68 7.05 39.84
06/09/06 12:13:55 06/09/06 12:19:05 0 210 103 0.52 5.17 8.17
06/09/06 12:19:06 | 06/09/06 12:30:13 0 600 462 4.7 11.12 27.76
06/09/06 12:30:13 | 06/09/06 12:32:21 0 80 49 0.29 2.13 12.31

2 2 | 06/09/06 12:32:21 06/09/06 12:42:25 0 578 458 4.71 10.07 29.06
06/09/06 12:42:26 | 06/09/06 12:44:43 0 93 54 0.23 2.28 7.86
06/09/06 12:44:43 06/09/06 12:55:38 0 612 471 4.73 10.92 27.48
06/09/06 12:55:38 | 06/09/06 12:56:34 0 54 42 0.26 0.93 16.7
06/09/06 12:56:35 06/09/06 12:56:35 0 0 0 0 0 0
06/09/06 12:56:35 06/09/06 12:56:36 0 0 0 0 0.02 0
06/09/06 12:57:36 | 06/09/06 12:57:37 0 0 0 0 0.02 0
06/09/06 12:57:37 06/09/06 13:06:18 0 507 466 4.7 8.68 33.06
06/09/06 13:06:18 | 06/09/06 13:06:23 0 2 2 0.02 0.08 14.88
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APPENDIX H: SR 70 Simulation Results

TABLE H.1: Corridor Analysis

No Restriction Scenario on SR 70

Simulation seed
Number 1 2 3 4 5 6 I 8 9 10 [ Average
travel time | 605.608 591.204 591.842| 597.026| 576.249| 566.616| 593.175[ 600.489 587.628| 596.973| 590.681
0% | speed 18.318 18.365| 18.295| 18.097| 18.762| 18.719( 18.305| 18.271 18.24| 18.251| 18.3623
delay 125.463 122.848| 124.855| 126.209| 118.762| 118.628| 125.213| 124.287 124.429| 125.114| 123.5808
travel time 609 603.326| 595.724 602.819| 584.61| 583.957| 601.684| 613.882| 594.04| 610.318| 599.936
5% | speed 17.754 17.754| 17.781| 17.619| 18.304| 17.997| 17.701| 17.525| 17.792| 17.652| 17.7879
delay 131.651 129.662 129.763| 131.832| 123.879| 126.628| 132.113| 132.766 129.433| 132.176| 129.9903
travel time | 623.071 619.677| 603.964| 618.633| 603.711f 598.83| 628.079 621.701f 604.009| 632.857| 615.4532
10% | speed 17.059 16.825| 17.218| 16.869 17.51| 17.118| 16.639| 16.973| 17.304| 16.884| 17.0399
delay 139.284 140.133| 136.192| 141.097] 133.08] 136.35| 144.009| 138.913| 135.151| 141.84| 138.6049
travel time | 631.928 636.379| 608.136| 631.711| 619.034 613.724| 646.691 635.096 622.424| 644.319| 628.9442
15% | speed 16.568 16.213| 16.741] 16.146| 16.753| 16.557| 15.809| 16.192| 16.455| 16.025| 16.3459
delay 145.032 148.119| 141.656| 149.605| 141.554| 144.101] 154.011] 148.091 145.3| 151.713| 146.9182
travel time | 655.569 644.047[ 626.92| 646.569| 638.671] 632.91| 666.828| 656.382| 645.814| 653.548| 646.7258
20% | speed 15.516 15.489| 15.977| 15.362| 15.852| 15.716 14.57] 15.359 15.44| 15.349 15.463
delay 158.61 156.867| 150.611| 159.331| 153.161| 154.022| 170.068| 158.441| 157.458| 159.654| 157.8223
travel time | 693.901 650.829 654.937| 665.487| 665.97| 666.958| 667.673| 656.174 661.504| 666.444| 664.9877
25% | speed 14.148 14.812| 14.876 14.46] 14.836| 14.646( 14.469| 14.892| 14.699| 14.636| 14.6469
delay 179.084 164.95| 165.687| 172.28| 166.464| 169.503| 172.174| 163.897[ 168.158| 170.169| 169.2366
travel time | 699.651 713.831| 693.543| 683.385| 704.485 747.717| 696.24| 690.247( 692.832| 670.908| 699.2839
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TABLE H.1 Continued

Simulation seed

Number 1 2 3 4 5 6 7 8 9 10 [ Average

30% | speed 13.831 13.239( 13.606| 13.691| 13.574 12.65| 13.189| 13.678| 13.602 14.23 13.529
delay 183.91% 191.713| 184.936( 183.558( 186.601| 202.938| 192.167| 182.058| 185.142| 176.148| 186.9176
travel time 734.899 744.453| 758.424| 731.185| 754.633| 778.086| 729.448| 704.545| 751.884| 723.039| 741.0596

35% | speed 12.726 12.339( 12.005| 12.417( 12.216| 11.749| 12.309| 12.809| 12.264| 12.705| 12.3539
delay 203.803 208.223| 214.567| 205.223| 211.84| 222.305( 208.28| 197.122| 210.987| 202.175| 208.4525
travel time 753.398 756.83| 757.496| 744.398| 773.323| 774.672| 752.444| 760.128| 753.161| 779.858( 761.3678

40% | speed 12.11% 11.82 11.783| 11.962( 11.593| 11.483| 11.554| 11.411| 11.823| 11.403 11.648
delay 215.988 219.732| 219.745( 216.059| 225.117| 227.157| 223.531| 226.48| 218.523| 229.647| 222.8879

Trucks Use Right lane Scenario on SR 70

Simulation seed

Number 1 2 3 4 5 6 7 8 9 10 | Average
travel time | 570.705 561 | 561.909 | 564.658 | 547.016 | 534.268 | 554.058 567.23 | 555.896 | 566.086 | 558.2826

0% | speed 17.965 17.811 17.711 17.644 18.327 18.164 17.969 17.705 17.77 17.805 17.8871
delay 120.226 | 119.709 | 121.742 | 121.834 | 115.087 | 115.036 | 118.636 | 120.958 | 120.202 | 121.145 | 119.4575
travel time | 611.128 | 571.954 | 561.011 | 568.233 | 557.732 | 547.405 | 566.885 | 575.317 | 558.589 | 579.408 | 569.7662

5% | speed 17.781 17.271 17.33 17.172 17.785 17.513 17.215 17.177 17.397 17.246 17.3887
delay 131.095 | 126.096 | 125.278 | 127.323 | 120.839 | 121.625 | 126.714 | 126.995 | 124.426 127.75 | 125.8141
travel time | 619.413 | 590.266 | 557.849 | 568.749 573.34 | 556.166 | 572.765 | 577.602 | 565.762 | 589.899 | 577.1811

10% | speed 17.129 16.277 17.135 16.863 17.068 16.792 16.718 16.749 17.035 16.761 16.8527
delay 138.146 | 137.269 126.67 | 130.653 | 129.292 | 129.069 | 132.211 | 131.524 | 128.498 | 133.634 | 131.6966
travel time 592.55 | 598.214 | 560.466 | 573.725 | 582.318 | 566.569 | 595.153 | 595598 | 575.534 | 602.246 | 584.2373
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TABLE H.1 Continued

Simulation seed

Number 1 2 3 4 5 6 7 8 9 10 [ Average

15% | speed 16.358 15.699 16.632 16.334 16.437 16.252 15.861 15.889 16.409 15.831 16.1702
delay 137.997 | 144.002 | 131.991 | 136.781 | 135.905 | 136.197 | 142.198 | 141.249 | 135.441 | 143.286 | 138.5047
travel time | 602.108 | 594.332 | 577.832 581.46 | 608.428 | 584.285 | 612.319 | 593.721 | 600.108 | 608.405 | 596.2998

20% | speed 15.586 15.313 15.882 15.801 15.257 15.508 14.738 15.49 15.235 15.136 15.3946
delay 146.579 | 147.144 140.68 | 142.633 | 150.521 | 144.924 | 156.108 | 144.511 | 149.278 | 151.082 147.346
travel time | 621.204 | 609.202 | 609.021 | 596.293 | 646.538 | 602.498 | 599.044 | 609.764 | 599.525 | 618.085 | 611.1174

25% | speed 14.629 14.382 14.748 14.894 14.047 14.767 14.609 14.584 14.832 14.594 14.6086
delay 159.26 | 158.241 | 155.284 | 153.547 | 166.599 | 154.133 | 155.794 | 156.223 | 153.937 | 159.179 | 157.2197
travel time 632.98 | 631.042 | 632.913 611.25 | 659.496 | 662.027 | 622.499 | 608.676 | 617.036 | 642.056 | 631.9975

30% | speed 14.119 13.579 13.703 14.186 13.351 13.106 13.645 14.128 13.982 13.58 13.7379
delay 166.587 170.98 | 170.482 | 162.813 | 177.084 | 179.672 | 170.943 | 160.489 | 165.446 | 173.935 | 169.8431
travel time | 631.016 | 663.144 | 667.565 | 622.969 | 670.838 | 680.849 | 644.372 | 625.577 | 636.454 | 664.583 | 650.7367

35% | speed 13.709 12.609 12.598 13.369 12.641 12.306 12.815 13.221 13.257 12.799 12.9324
delay 172.074 | 186.892 | 188.187 | 173.643 | 188.246 | 193.239 | 182.907 | 173.576 | 177.246 | 186.807 | 182.2817
travel time | 677.129 | 671.339 | 682.982 667.74 | 691.179 | 684.946 | 659.818 | 652.072 | 695.305 | 709.818 | 679.2328

40% | speed 12.304 12.247 12.031 12.211 11.913 11.917 12.266 12.364 11.727 11.514 12.0494
delay 195.559 | 193.693 | 198.815 | 194.869 | 202.344 | 200.195 | 192.653 | 189.732 | 204.701 | 210.823 | 198.3384

Trucks Use Center lane Scenario on SR 70

Simulation seed

Number 1 2 3 4 5 6 7 8 9 10 | Average
travel time 602.52%5 592.973| 591.182| 595.803| 575.935| 568.768| 593.007| 601.475| 588.901| 595.847| 590.6416

0% | speed 18.412 18.29| 18.293| 18.156| 18.732| 18.587 18.33| 18.142 18.23| 18.327| 18.3499
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TABLE H.1 Continued

Simulation seed
Number 1 2 3 4 5 6 7 8 9 10 [ Average
delay 124.378 123.996| 124.89| 125.519| 118.882| 119.724| 124.93| 125.392| 124.814| 124.293| 123.6818
travel time | 612.755 | 602.713 | 595.221 | 603.741 | 591.057 | 584.405 | 610.617 612.28 | 595.829 | 612.864 | 602.1482
5% | speed 17.75 17.736 17.755 17.597 18.116 17.957 17.457 17.529 17.742 17.649 17.7288
delay 131.69 | 129.809 | 130.151 | 132.176 | 125.842 126.79 134.59 132.39 | 130.231 | 132.269 | 130.5938
travel time | 621.545 | 624.984 | 604.924 | 615.017 | 606.289 | 608.668 627.1 | 618.283 | 605.683 | 631.176 | 616.3669
10% | speed 17.194 16.794 17.17 16.97 17.453 16.944 16.617 17.021 17.227 16.842 17.0232
delay 138.001 | 140.838 | 136.424 | 139.715 | 133.811 | 138.667 | 144.281 | 138.489 135.39 | 141.672 | 138.7288
travel time | 639.034 | 639.621 | 610.196 | 620.716 | 635.567 | 617.208 | 649.941 | 642.023 630.94 | 637.301 | 632.2547
15% | speed 16.297 16.069 16.625 16.396 16.078 16.465 15.745 15.98 16.146 16.163 16.1964
delay 148.526 | 149.626 | 142.809 | 146.481 148.65 | 144.892 | 154.929 | 150.562 | 148.511 149.42 | 148.4406
travel time | 663.751 | 648.761 | 630.181 | 667.052 | 650.205 | 678.738 | 656.544 | 655.459 | 654.491 | 652.727 | 655.7909
20% | speed 15.265 15.222 15.8 14.866 15.64 14.616 15.015 15.305 15.172 15.378 15.2279
delay 162.05 | 159.287 | 152.772 | 166.315 | 156.066 | 169.611 | 164.445 | 158.517 | 161.373 | 159.562 | 160.9998
travel time 693.29 | 676.761 | 686.318 | 684.991 | 689.048 | 680.669 682.55 | 679.167 | 690.652 | 658.794 682.224
25% | speed 14.18 14.26 14.174 14.09 14.293 14.263 13.989 14.19 13.962 14.933 14.2334
delay 178.282 | 173.932 | 176.123 | 177.831 | 175.185| 174.263 | 178.656 | 173.908 | 179.786 | 166.048 | 175.4014
travel time 735.62 | 716.322 | 727.385| 694.749 | 743.969 770.62 | 703.661 | 708.058 | 704.804 685.44 | 719.0628
30% | speed 13.115 13.127 12.885 13.428 12.823 12.162 13.159 13.234 13.303 13.875 13.1111
delay 196.971 | 193.514 | 197.983 | 187.667 | 200.531 | 212.145 | 193.107 | 189.569 | 189.708 | 182.303 | 194.3498
travel time | 742.024 | 764.256 | 767.033 | 730.298 | 797.815 | 785.032 | 738.148 | 748.926 | 749.247 | 750.897 | 757.3676
35% | speed 12.626 11.959 11.914 12.356 11.585 11.655 12.222 11.928 12.137 12.207 12.0589
delay 205.964 | 215.345 | 217.091 | 206.749 | 226.023 | 224.455 210.86 | 215.126 | 212.143 | 212.223 | 214.5979
travel time | 782.664 775.97 | 800.053 | 775.537 | 795.689 | 793.288 | 779.807 | 740.413 | 765.556 | 784.747 | 779.3724
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TABLE H.1 Continued

Simulation seed
Number 1 2 3 4 5 6 7 8 9 10 [ Average
40% | speed 11.527 11.368 11.121 11.314 11.242 11.026 11.089 11.731 11.619 11.438 11.3475
delay 227.76 | 228.324 | 235.275| 229.613 | 233.297 237.85 | 234.231 | 219.227 | 223.534 | 229.459 229.857
Trucks Use Left lane Scenario on SR 70
Simulation seed
Number 1 2 3 4 5 6 7 8 9 10 | Average
travel time | 603.671 | 591.498 | 591.691 | 595.314 | 576.158 | 569.086 | 594.703 | 600.959 | 587.165 | 597.117 | 590.7362
0 | speed 18.353 18.365 18.265 18.158 18.759 18.648 18.308 18.23 18.272 18.286 18.3644
delay 125.148 | 123.078 125.17 | 125.371 | 118.757 | 119.325 | 125.299 | 124.585 | 124.086 124.61 | 123.5429
travel time | 611.019 | 604.179 | 594.895 | 610.357 | 589.519 | 583.104 614.24 | 611.826 | 595.323 | 613.146 | 602.7608
5% | speed 17.744 17.748 17.724 17.268 18.195 18 17.293 17.562 17.801 17.58 17.6915
delay 131.485 | 129.933 | 130.466 | 136.239 | 125.208 | 126.549 | 136.262 | 132.489 | 129.794 | 133.203 | 131.1628
travel time | 626.927 | 622.311 605.41 | 614.182 | 609.214 | 602.227 | 626.709 | 629.074 | 607.063 | 632.831 | 617.5948
10% | speed 17.013 16.857 16.975 17.023 17.333 17.096 16.645 16.582 17.285 16.852 16.9661
delay 140.077 | 140.004 | 138.377 139.25 | 135.084 | 136.657 | 144.115| 143.032 | 135.663 | 142.062 | 139.4321
travel time | 637.026 641.52 610.72 633.03 | 625.032 | 613.603 | 645.504 | 643.365 | 620.441 | 639.712 | 630.9953
15% | speed 16.453 15.951 16.467 16.006 16.624 16.34 15.82 15.772 16.612 16.15 16.2195
delay 146.993 | 151.349 | 144.862 | 152.067 142.7 146.62 | 154.116 | 153.344 | 143.302 149.79 | 148.5143
travel time | 669.512 | 667.354 | 647.633 | 658.487 | 657.698 | 674.421 | 664.068 653.64 | 660.309 | 651.219 | 660.4341
20% | speed 15.176 14.914 15.17 15.105 15.353 1451 14.845 15.317 15.023 15.388 15.0801
delay 163.288 | 164.491 | 161.809 | 164.071 | 159.724 | 171.514 | 166.679 | 158.266 | 163.522 | 159.087 | 163.2451
travel time 696.35 | 665.032 | 675.216 | 682.585 | 715.303 | 684.227 | 661.373 | 689.938 717.73 | 661.976 684.973
25% | speed 14.209 14.489 14.227 14.012 13.776 14.163 14.496 13.906 13.349 14.807 14.1434
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TABLE H.1 Continued

Simulation seed
Number 1 2 3 4 5 6 7 8 9 10 [ Average
delay 178.047 | 169.311 | 174.632 | 178.608 | 183.246 | 176.923 | 170.971 178.66 | 190.729 168.04 | 176.9167
travel time | 765.367 | 736.439 | 704.609 | 702.648 | 772.492 | 758.128 | 719.814 | 714.184 | 724.496 | 702.232 | 730.0409
30% | speed 12.542 12.639 13.199 13.294 12.051 12.357 12.829 13.162 12.945 13.475 12.8493
delay 207.073 | 201.036 | 191.929 | 191.107 | 214.809 | 208.551 | 199.792 | 190.667 | 197.941 | 188.421 | 199.1326
travel time | 759.395 | 753.622 | 776.359 | 765.514 | 808.836 807.08 | 738.472 | 737.786 | 766.213 | 753.157 | 766.6434
35% | speed 12.283 11.954 11.414 11.63 11.287 11.229 12.117 12.153 11.584 11.869 11.752
delay 212.627 214.05 | 227.435| 221.256 | 231.919 | 234.656 | 212.178 209.15 | 222.006 | 217.724 | 220.3001
travel time | 799.218 | 842.245 | 820.663 | 792.329 | 803.992 | 800.022 | 785.068 | 751.884 | 776.496 | 777.326 | 794.9243
40% | speed 11.411 10.588 10.411 10.82 11.02 10.919 11.043 11.516 11.242 11.438 11.0408
delay 230.626 | 249.675 | 251.061 | 241.194 | 238.501 | 239.824 | 236.694 | 224.735| 231.197 | 228.265| 237.1772
TABLE H.2: INTERSECTION ANALYSIS
No Restriction Scenario of SR 70
0% 5% 10%
Seed
Number aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All)
1 137.1 41.3 30 153 43.3 31 158.7 46.5 32.8
2 141.4 41.3 30.3 148.9 44.1 31.8 159.6 47.2 33.6
3 143.2 40.5 29.6 149.1 425 30.5 158.4 45.2 32
4 145.7 40.9 29.8 155.4 43.6 31.4 168.4 47.3 33.4
5 129.1 39.2 28.5 139.5 41.1 29.3 152.6 44.9 317
6 128.4 39.1 28.6 145.3 42.2 30.4 156.4 46 32.8
7 140.4 41 29.8 154.3 435 31 176.4 45.9 32.4
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TABLE H.2 Continued

0% 5% 10%
Seed
Number aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All)
8 147.6 40.7 29.7 154.1 44.2 31.8 162.7 45.9 32.5
9 144.9 40.5 29.6 150.7 42.6 30.4 158.5 45.6 32.3
10 139.2 41.1 29.9 1514 42.9 30.7 158.3 46.1 32.6
Average 139.7 40.56 29.58| 149.8556| 42.96667| 30.81111 161.2556| 46.01111 32.58889
15% 20% 25%
Seed
Number aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All)
1 166.7 48.7 33.8 176.4 52.3 36.1 202 59.1 40.7
2 163.1 48.5 34.1 171.8 52 36.2 186.9 55.5 38.5
3 165.2 47.2 33 171.6 50.5 34.8 187.5 54.7 37.6
4 183 51 35.6 191.6 53.8 37.4 199.9 56.4 38.8
5 167.9 47.1 32.9 176.6 50.4 35 194.5 55.9 38.6
6 167 49.1 34.4 177.4 52 36.2 206.4 55.6 38.4
7 184.4 50.6 35.5 207.3 54.1 37.7 211 55.8 38.5
8 177 48.6 34.3 190.5 52.3 36.7 201.1 53.7 37.1
9 168.4 50.1 35.4 182.6 54.3 38 201 57.1 39.8
10 163.2 49.5 35 175.4 52.4 36.6 201.1 55.6 38.4
Average 170.59 49.04 34.4 182.12 52.41 36.47 199.14 55.94 38.64
30% 35% 40%
Seed
Number aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All)
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TABLE H.2 Continued

30% 35% 40%

Seed

Number aveQueugeDelay(All) | tStopd(All) | aveQueue Delay(All) | tStopd(All) | aveQueue Delay(All) | tStopd(All)
1 223.2 60.1 41.1 242 65.1 44.4 261.2 66 44.4
2 230.5 62.1 42.7 248.1 64.3 43.7 260.3 65.1 44.2
3 216.3 58.9 40.3 245.4 62.4 42.6 258.4 66 45
4 224.1 59.8 40.8 248.9 64.9 44 258 65.7 44.5
5 229.9 61.1 41.6 254.9 65.1 44.1 262 68.2 46.2
6 246.5 65 44.2 261.6 67.8 46.3 267.6 68.5 46.5
7 233.6 61.5 42.2 247 66.5 45.5 259.4 69.7 47.8
8 223.6 58.5 40.7 244 61.9 42.5 263.2 70 48.2
9 214.7 61.3 42.2 250.9 65.4 44.4 258.7 66.9 45.5

10 205.2 58.4 40.1 240.8 64.2 43.4 261.3 67.5 46
Average 224.76 60.67 41.59 248.36 64.76 44.09 261.01 67.36 45.83
Trucks Use Right lane Scenario on SR 70
0% 5% 10%

Seed

Number aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All)
1 146.5 42.4 313
2 135.4 42.3 31.1 149 45.7 33.3 159.1 48.8 35.3
3 141.2 43 317 148.7 44 32 152.9 44.6 32
4 142.8 42.5 31.4 154.9 45 32.8 160.2 46.5 335
5 145.3 42.5 31.2 138.7 43.3 31.4 150.5 46.8 335
6 129.1 40.5 29.7 144 43.6 318 152 46.6 33.7
7 127.6 40.9 30.3 151.1 45.3 32.8 161.3 46 33
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TABLE H.2 Continued

0%

5%

10%

Seed

Number aveQueugeDelay(All) | tStopd(All) | aveQueue Delay(All) | tStopd(All) | aveQueue Delay(All) | tStopd(All)
8 136.1 41.8 30.7 152 45.1 32.9 159.7 45.5 32.9
9 143.9 41.8 31 149.6 43.5 315 154.8 45.6 32.8
10 138 42.3 31.2 150 44.3 32.2 154.8 45.9 32.9

Average 138.59 42 30.96| 148.6667| 44.42222 32.3| 156.1444] 46.25556/] 33.28889

15% 20% 25%

Seed

Number aveQueugDelay(All) | tStopd(All) | aveQueue Delay(All) | tStopd(All) | aveQueue Delay(All) | tStopd(All)
1 163.1 49.1 34.8 170.1 51.9 36.6 183.6 56.4 39.5
2 162.7 49.5 35.3 167.8 51.2 36.3 183.3 56 39.3
3 158.5 46.6 33.2 176.5 50 35.4 178.8 54.3 37.8
4 171.9 48.9 34.9 178.3 50.9 35.9 186.5 53.9 37.7
5 161.3 48.4 34.4 175 52.5 37.4 189.4 58.2 40.8
6 162.2 49.5 35.3 170.6 52.2 37.2 187.9 55.4 38.9
7 172.2 49.9 35.7 187.7 54.9 39 190.3 56.6 39.7
8 171.7 49.3 35.4 175.5 50.9 36.3 186.2 55.3 39.3
9 160.8 49.3 35.4 180.5 53.4 38.1 188.2 54.7 38.6
10 160.3 49 34.8 168.8 53.3 37.6 184 56.3 394

Average 164.47 48.95 34.92 175.08 52.12 36.98 185.82 55.71 39.1

30% 35% 40%
Seed
Number aveQueugDelay(All) | tStopd(All) | aveQueue Delay(All) | tStopd(All) | aveQueue Delay(All) | tStopd(All)
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TABLE H.2 Continued

30% 35% 40%
Seed
Number aveQueugDelay(All) | tStopd(All) | aveQueue Delay(All) | tStopd(All) | aveQueue Delay(All) | tStopd(All)
1 194.4 59.1 41.1 210 59.6 41.1 223.9 64.9 44.5
2 203.8 60.2 41.9 217.3 64.5 44.8 225.1 63.3 43.4
3 199.6 58.2 40.5 215.3 59.5 41.1 224 62.9 43.3
4 196.9 57.2 39.7 208.3 59.2 41 224.4 64.5 44.4
5 204.9 61.2 42.5 219.1 63.3 43.6 228.8 66.2 45.6
6 207.5 62.9 44 223.2 65 45.4 228 65.6 45.4
7 201.7 58.8 41.1 213.9 65 45,5 224.9 65.4 45.4
8 196 57.5 40.3 209.2 61.7 43.2 221 63.6 44,2
9 199.8 58.8 41.2 208.4 59.1 40.9 229.9 65.5 45.7
10 203.4 61.4 42.5 214.2 64.1 44.1 230.8 67.2 46.1
Average 200.8 59.53 41.48 213.89 62.1 43.07 226.08 64.91 44.8
Trucks Use Center lane Scenario on SR 70
0% 5% 10%
Seed
Number aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All)
1 136.7 40.9 29.7 152.5 43.6 313 159.1 46.2 32.7
2 142 41.7 30.5 148.7 44 31.8 159.3 475 33.7
3 143.2 40.6 29.6 150.1 42.8 30.7 158.8 45.6 32.2
4 145.5 40.6 29.5 154.6 43.7 31.4 165 475 33.7
5 129.7 39.4 28.6 140.7 42.4 30.4 154.5 44.8 315
6 129.1 39.7 29.1 145.8 42.3 30.4 156.8 475 33.7
7 138.8 41.2 30 155.3 44.9 32 173.8 47.1 33.4
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TABLE H.2 Continued

0% 5% 10%
Seed
Number aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All)
8 147.8 41.1 30 154.2 44.2 31.7 161.8 45.6 324
9 145.1 40.6 29.7 151.3 43.1 30.9 157.9 45.9 324
10 138.5 40.7 29.6 150.5 42.7 30.4 158.6 46.3 32.7
Average 139.97 40.62 29.62 150.37 43.37 31.1 160.56 46.4 32.84
15% 20% 25%
Seed
Number aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All)
1 167.7 50.5 35.1 179.9 54.1 37.3 199 57.2 39.3
2 164.1 49.6 34.7 174.5 53.6 37.3 199.4 58.6 40.7
3 165.8 47.9 33.5 173.8 50.9 35.2 194.1 55.8 38.3
4 177.2 49.8 34.9 199.2 55 38 214.2 56.1 38.5
5 176.6 49.9 35.1 179.8 52.2 36.4 196.3 60.1 415
6 167.2 50.1 35 200.3 55.7 38.7 204.6 57.5 39.7
7 186.2 50.8 35.4 196.1 53.4 37.3 219.5 58.8 40.4
8 179.5 50.1 35.2 196.1 52.1 36.3 213.6 56.3 39
9 177.2 50.8 35.7 184.2 55 38.6 213.2 59.4 41.2
10 162.1 48.3 33.8 177.1 52.5 36.4 191.1 54.7 37.7
Average 172.36 49.78 34.84 186.1 53.45 37.15 204.5 57.45 39.63
30% 35% 40%
Seed
Number aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All)
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TABLE H.2 Continued

30% 35% 40%
Seed
Number aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All)
1 227.9 61.3 41.6 243.6 62.8 42.7 267.3 68.9 46.4
2 229.7 63 43.4 261.3 67.4 45.6 269 70.2 47.6
3 228.1 60.1 40.9 259.2 63.3 43 267.5 68.1 45.9
4 233.9 59.6 40.6 251.7 65.2 44.1 270.7 68.7 46.4
5 245.2 65 44.1 263.4 68.6 46.5 269.5 70.3 47.1
6 250.8 68 46.5 262.7 69.7 475 272.4 73.1 50
7 233.5 61.9 42.2 248.1 68.5 46.4 268.5 73.2 49.9
8 236.6 61.4 42.1 257.2 67.9 46.3 261 68 46.3
9 223.7 62.3 42.9 260.3 65.8 447 264.2 68.6 46.5
10 218.2 59.8 40.9 242.6 65.3 44.3 262.9 69.5 46.9
Average 232.76 62.24 42.52 255.01 66.45 45.11 267.3 69.86 47.3
Trucks Use Left lane Scenario on SR 70
0% 5% 10%
Seed
Number aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All)
1 137.4 41.3 30 152.3 43.4 31 159.5 47.1 33.3
2 141.1 41.2 30.2 149.5 44.2 31.8 159.1 47.4 33.7
3 143.3 40.6 29.6 150.1 42.6 30.7 157.8 455 32.2
4 145.8 40.5 29.6 155.7 44.5 32.1 163.6 46.5 33.1
5 129.8 39.3 28.5 140.4 41.9 30 153.8 45.7 32.2
6 129.5 39.6 29 145.3 42 30.3 155.9 46.7 33.1
7 139.1 41.2 30 157.9 45.6 32.5 171.1 47.5 33.5
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TABLE H.2 Continued

0% 5% 10%
Seed
Number aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All)
8 148.3 40.9 29.9 154.4 43.8 31.5 164.1 47.9 34.2
9 144.4 40.4 29.5 151 42.6 30.3 159 45.6 32.3
10 139.4 41.1 29.8 151.3 43.2 31 157.5 45.8 32.5
Average 139.81 40.61 29.61 150.79 43.38 31.12 160.14 46.57 33.01
15% 20% 25%
Seed
Number aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All)
1 167.5 49.7 34.4 179.5 53.8 37.1 199.5 57.8 39.6
2 164.9 49.6 34.9 177.3 54.8 38.1 190 57.3 39.5
3 164.4 47.7 33.5 174.9 53.6 37.2 189.3 54.9 37.6
4 178.8 50.9 35.9 194.2 53.8 37.3 211 55.6 38.1
5 166 48.4 33.9 181.1 53.5 37.1 203.7 60.4 41.7
6 162.5 49.7 34.8 193 56.7 39.4 205.5 58.8 40.6
7 182.6 51 35.7 204 54.6 37.8 205.5 56.7 39.1
8 177.2 50.4 35.8 188.4 52.7 36.8 212.3 58.3 40.6
9 167.4 49.6 35 1914 55.5 38.9 219.4 61.8 43.3
10 161.6 48.5 33.9 172.7 52.5 36.6 195.8 55 38
Average 169.29 49.55 34.78 185.65 54.15 37.63 203.2 57.66 39.81
30% 35% 40%
Seed
Number aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All)
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TABLE H.2 Continued

30% 35% 40%
Seed
Number aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All) aveQueue | Delay(All) tStopd(All)
1 235.7 63.7 43.4 258.5 64.2 43.6 269.6 68.6 45.9
2 234.3 62.6 43.1 256 68.4 46.6 278.1 70.8 47.7
3 216.1 60.7 415 254.6 66.9 45.9 270.6 71.1 48.8
4 228.6 60.8 41.6 258.1 69 47.3 273.1 71.9 49
S 244.2 66.2 45.6 261 69 46.8 272.9 70.2 47.2
6 246.8 66.4 45.5 267 73.8 50.9 272.3 71.8 48.7
I 237 64.2 43.7 248.5 68.7 46.8 270.8 74.4 50.6
8 227.7 63.1 43.8 247.8 65.1 44.6 261.1 68.9 47.1
9 227 65 45 252.9 67.6 46.7 266.4 68.8 47
10 225.6 62.2 42.5 243.7 68.4 47 259 68 46.2
Average 232.3 63.49 43.57 254.81 68.11 46.62 269.39 70.45 47.82
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TABLE H.3: Speed, Volume, and Density Data

No Restriction

Car Trucks Speed all
Truck Speed Speed Volume Density vehicle types
Percentage (mph) (mph) (vph) (vpm) (mph)
0% | 34.618061 0 | 1284.5555 | 60.39119077 34.6180614
5% | 34.180831 | 29.798903 | 1275.5401 | 61.41562996 | 33.92022312
10% | 33.306698 | 28.781757 | 1269.1451 | 63.8543244 | 32.79809485
15% | 33.090483 | 28.941657 | 1229.3496 | 62.99287921 32.4189912
20% | 32.212299 | 28.066101 | 1193.0231 | 64.13165128 | 31.29515166
25% | 31.404502 | 27.11482 | 1163.7401 66.297889 | 30.18504376
30% | 31.200528 | 26.877961 | 1139.2354 | 66.13490902 | 29.76478174
35% | 28.937547 | 25.199149 | 1091.0205 | 80.55967948 | 27.44399528
40% | 27.759461 | 23.896869 | 1059.1359 | 87.05000896 | 26.05320726
Trucks use Right Lane Scenario on SR 70
Car Trucks Speed all
Truck Speed Speed Volume Density vehicle types
Percentage (mph) (mph) (vph) (vpm) (mph)
0% 34.85 0.00 1138.80 56.01 34.85
5% 34.24 29.48 1135.40 57.42 33.98
10% 33.97 29.04 1127.50 57.96 33.44
15% 33.47 28.44 1088.58 57.18 32.60
20% 33.10 27.92 1050.53 58.18 31.95
25% 32.95 27.38 1031.79 58.66 31.38
30% 31.88 26.28 993.37 61.68 30.00
35% 30.79 25.45 967.50 65.43 28.62
40% 30.31 24.68 918.89 69.40 27.88
Trucks use Center Lane Scenario on SR 70
Car Trucks Speed all
Truck Speed Speed Volume Density vehicle types
Percentage (mph) (mph) (vph) (vpm) (mph)
0% 34.73 0| 1286.385 60.141664 34.72510866
5% 33.97 29.49 | 1278.2412 | 62.17036548 | 33.71511769
10% 33.49 28.39 | 1262.2788 | 63.83478172 | 32.92410814
15% 32.87 28.09 | 1224.7048 | 63.44121613 | 32.10016859
20% 32.02 27.17 | 1195.3858 | 65.4314308 30.9295195
25% 32.27 26.86 | 1174.0673 | 64.47520264 | 30.74544525
30% 30.75 25.60 | 1136.8833 | 70.41586498 | 29.04408606
35% 28.19 23.67 1091.31 | 82.0437437 | 26.37432615
40% 28.02 23.35 | 1067.8868 | 88.14969518 | 25.93418879
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TABLE H.3 Continued

Trucks use Left Lane Scenario on SR 70

Car Trucks Speed all
Truck Speed Speed Volume Density vehicle types
Percentage (mph) (mph) (vph) (vpm) (mph)
0% | 34.613617 0 | 1286.5075 | 60.65504996 34.6136171
5% | 33.899696 | 29.340676 | 1276.3353 | 62.10921365 | 33.57629091
10% | 33.44551 | 28.391593 | 1269.6217 | 63.60024749 | 32.82460025
15% | 32.863634 | 28.098417 | 1228.4888 | 63.50644722 32.0702322
20% | 32.538562 | 27.437913 1192.06 | 64.11387858 | 31.39360985
25% | 31.676658 | 26.701315 | 1168.1596 | 66.46279219 | 30.27248624
30% | 30.05839 | 25.245472 | 1125.9784 74.983603 | 28.40333087
35% | 28.166006 | 23.582555 | 1056.4573 | 86.82457264 | 26.10008476
40% | 27.267708 | 22.738805 | 1059.6215 | 86.70576823 | 25.40101558
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TABLE 1.1: Network Analysis

APPENDIX I: Network Simulation Results

No Restriction Scenario of the Network

Truck Seed

Percentage Number 10 11 12 13 14 15 16 17 18 19 | average
travel

time 4803.565 4491.582 4500.266, 4364.8| 4295.902| 4213.628| 4255.96| 4193.836| 4192.49| 4231.15| 4354.32

0% | speed 7.46% 10.496| 11.296| 12.414| 13.089| 13.968| 14.15 14.335| 14.59| 14.579| 12.6382

delay 3760.211 3120.529| 3029.222| 2791.926| 2660.834| 2503.712| 2502.34| 2442.984) 2414.74| 2438.48| 2766.5
travel

time 4024.787 4051.019 3973.655| 3988.439 4010.501| 4048.074| 4081.35| 4017.4| 3960.15| 4043.96| 4019.93

5% | speed 14.401 14.313| 14.788| 14.612| 14.699| 14.642| 14.472| 14.737| 14.962| 14.681| 14.6307

delay 2336.84 2360.489 2268.181| 2295.04| 2296.181| 2323.236| 2360.79| 2291.731| 2237.01| 2319.51| 2308.9
travel

time 3937.955 3977.836| 3954.501| 3939.495| 3938.288| 3936.453| 3989.16| 3868.88| 3989.47| 3909.71| 3944.17

10% | speed 14.007 14.088| 14.495| 14.373 14.23 14.372| 14.393| 14.512| 14.326| 14.436| 14.3232

delay 2332.721 2345.512| 2289.207| 2291.697| 2307.667| 2290.376| 2317.57| 2235.108| 2324.84| 2266.01| 2300.07
travel

time 3908.86 3916.228| 3901.991| 3819.751| 3907.197| 3833.155| 3904.22| 3862.911 3911.35| 3882.14| 3884.78

15% | speed 13.637 13.911| 14.005| 14.103| 13.792| 14.003| 13.996| 14.142| 13.762| 14.001| 13.9352

delay 2355.715% 2328.15| 2313.297| 2255.788| 2338.021| 2270.048] 2311.5| 2270.167| 2346.69| 2298.58| 2308.8
travel

time 3779.513 3866.671 3804.675| 3836.205| 3825.551| 3847.484| 3858.25| 3866.319 3835.99| 3840.4| 3836.11

20% | speed 13.604 13.577| 13.827| 13.654| 13.679| 13.521| 13.721 13.36| 13.532| 13.582| 13.6057

delay 2280.963 2335.985| 2275.13| 2315.471| 2304.006| 2333.503| 2316.21| 2363.815| 2325.87| 2323.58| 2317.45
travel

time 3737.273 3826.973| 3775.266| 3778.177 3829.536| 3754.43| 3742.017| 3782.71| 3832.9| 3784.36

25% | speed 13.411 13.269| 13.474| 13.358 13.111| 13.43 13.47| 13.358| 13.191| 13.3413
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TABLE 1.1 Continue
Truck Seed
Percentage Number 10 11 12 13 14 15 16 17 18 19 | average
25% delay 2276.3432345.824) 2296.619 2308.242 2368.925 2284.15| 2271.887| 2310.26| 2360.25| 2313.61
travel
time 3682.113 3793.349 3723.958 3706.816| 3712.241| 3731.457| 3691.52| 3738.38| 3722.17| 3796.13| 3729.81
30% | speed 13.022 12.883| 13.157| 13.117| 13.117| 13.017| 13.144| 12.997| 13.0454 12.859| 13.0358
delay 2283.604 2368.645 2296.11| 2290.236| 2295.623| 2317.845| 2277.74| 2323.368 2304.98| 2373.16| 2313.13
travel
time 3638.692 3717.438| 3679.354| 3688.85| 3658.773 3755.629 3687.5| 3647.014| 3707.93| 3723.11| 3690.43
35% | speed 12.824 12.813| 12.628| 12.756| 12.768| 12.442| 12.948| 12.987| 12.757| 12.803| 12.7726
delay 2277.459 2328.922| 2328.463| 2318.984| 2299.547| 2393.428 2296.71| 2266.494) 2329.05| 2333.82| 2317.29
travel
time 3671.374 3590.835| 3700.932| 3582.714) 3633.14| 3641.801] 3715.1| 3655.492 3670.29| 3681.38| 3654.31
40% | speed 12.368 12535/ 12.368| 12.608| 12.263| 12.391| 12.336| 12.517| 12.429| 12.551| 12.4366
delay 2346.019 2279.761| 2368.914| 2266.44| 2334.473) 2327.828| 2379.13| 2322.404) 2338.94| 2334.76| 2329.87
Trucks Use Right Lane Scenario of the Network
Truck Seed
Percentage Number 10 11 12 13 14 15 16 17 18 19| average
travel
time 4291.857 4195.786 4190| 4164.479 4147.848 4103.656| 4160.93| 4113.063] 4073.5| 4186.77| 4162.79
0% | speed 12.666 14.489 14.79| 14.911| 15.132| 15.348| 15.422| 15.516| 15.561| 15.416| 14.9251
delay 2702.851 2420.41| 2384.954| 2356.799| 2321.273| 2271.379 2292.08| 2253.783 2226.53| 2309.45| 2353.95
travel
time 3967.631 4013.706| 4002.938| 3993.221| 4002.584| 4030.518| 4074.17| 3944.912| 4047.09| 3991.94| 4006.87
5% | speed 15.039 15.013| 15.021] 14.999| 14.911] 14.939| 14.911| 15.297| 15.012| 15.218| 15.036
delay 2231.359 2256.443) 2254.327| 2253.976| 2263.916| 2277.564) 2306.5| 2188.028 2278.25| 2225.58| 2253.59
travel
time 3917.305 3947.659 3890.623| 3870.78| 3880.371| 3914.402| 3890.91| 3894.614| 3922.36| 3955.29| 3908.43
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TABLE 1.1 Continue
Truck Seed
Percentage Number 10 11 12 13 14 15 16 17 18 19 | average
10% | speed 14.6583 14.556| 14.784| 14.901| 14.783 14.6| 14.962 14.75| 14.727| 14.373| 14.7089
delay 2247.804 2273.848| 2218.357| 2192.683 2208.78| 2250.434| 2192.88| 2221.165| 2238.9| 2304.59| 2234.94
travel
time 3843.734 3894.274) 3828.1| 3814.59| 3881.062| 3896.15| 3929.36| 3837.208 3835.71| 3865.82| 3862.6
15% | speed 14.19 14.071| 14.318 14.39 14.193 14.038| 14.078 14.272| 14.44| 14.441| 14.2431
delay 2256.18 2297.074| 2232.92| 2219.756| 2277.123| 2305.146| 2316.3| 2241.984 2221.83| 2241.23| 2260.95
travel
time 3768.208 3847.576| 3816.341| 3808.272| 3727.761| 3770.558 3813.69| 3806.564| 3831.34| 3875.28| 3806.56
20% | speed 13.739 13.771] 13.938 13.956| 14.028 13.916| 13.844| 13.893 13.7 13.7| 13.8485
delay 2260.358 2305.966| 2266.626| 2264.462] 2206.33| 2244.078| 2276.19| 2262.493| 2304.51| 2330.12| 2272.11
travel
time 3738.176 3854.518 3737.902| 3785.244| 3784.439| 3810.057| 3804.19| 3752.222| 3781.75| 3750.98| 3779.95
25% | speed 13.642 13.282| 13.604| 13.426| 13.321 13.277| 13.247 13.583| 13.461| 13.496| 13.4339
delay 2250.259 2363.074| 2256.137| 2307.053| 2316.256| 2338.348| 2335.83| 2265.15| 2298.67| 2274.94| 2300.57
travel
time 3700.681 3732.299 3693.642| 3743.699 3708.836| 3735.905| 3755.77| 3690.938 3700.67| 3776.1| 3723.85
30% | speed 13.07% 13.117| 13.263 13.195 13.2 13.08| 12.993 13.345| 13.149| 12.902| 13.1319
delay 2289.40% 2305.175| 2268.302| 2308.316| 2284.714| 2313.385| 2332.97| 2257.198| 2281.53| 2356.26| 2299.73
travel
time 3663.114 3712.916| 3699.091| 3652.702| 3681.093| 3718.551| 3742.42| 3702.187| 3629.29| 3699.37| 3690.07
35% | speed 12.941 12.714| 12.872 12.961| 12.863 12.645| 12.854| 12.865| 13.075 12.71 12.85
delay 2280.346 2333.748 2312.246| 2275.821| 2302.578| 2348.941| 2340.05| 2314.087| 2246.08| 2331.06] 2308.5
travel
time 3638.41] 3625.916| 3615.598) 3645.843| 3633.542| 3658.517| 3703.88| 3564.28| 3616.93| 3653.3| 3635.62
40% | speed 12.618 12.629| 12.741 12.488| 12.491 12.356| 12.468 12.869| 12.627| 12.695| 12.5982
delay 2298.973 2290.566| 2274.3| 2322.169| 2311.676| 2341.23| 2356.61| 2226.016| 2285.48| 2300.56| 2300.76
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TABLE |.1 Continued
Trucks Use Left Lane Scenario of the Network
Truck Seed
Percentage Number 10 11 12 13 14 15 16 17 18 19 | average
travel
time 3998.309 4059.358| 4059.219| 3996.957| 4111.985| 4038.216| 4076.26| 4030.355| 4060.56| 4141.5| 4057.27
0% | speed 15.778 15.934| 15.891| 15.986| 15.718| 15.949| 15.796| 15.817| 15.871| 15.666| 15.8406
delay 2168.141 2182.139| 2188.582| 2142.843| 2237.595| 2170.58| 2204.04| 2178.652| 2190.06| 2260.29| 2192.29
travel
time 3946.322 3944.202| 3952.764| 3951.074] 4006.24| 3965.106| 4006.53| 3974.182| 4046.48| 3966.53| 3975.94
5% | speed 15.202 15.329| 15.346| 15.452| 15.122 15.34 15.03 15.216| 15.032| 15.417| 15.2486
delay 2203.946 2189.286| 2198.813| 2179.854| 2247.716| 2198.176| 2259.01| 2221.075| 2285.87| 2194.95| 2217.87
travel
time 3956.444 3945.762 3871.795| 3852.265| 3945.974] 3906.7| 3931.95| 3895.17| 3970.94| 3946.54| 3922.35
10% | speed 14.46 14.55 15.044| 15.018| 14.625 14.9| 14.653| 14.824| 14.911| 14.642| 14.7627
delay 2293.63 2277.272| 2184.089| 2174.112| 2271.575| 2219.445| 2257.58| 2221.225 2254.99| 2271.03| 2242.5
travel
time 3835.988 3883.952 3836.109 3753.106| 3841.494| 3815.169| 3869.01| 3833.255| 3856.01| 3883.01| 3840.71
15% | speed 14.183 14.297| 14.368| 14.727| 14.301| 14.138| 14.299| 14.329| 14.317| 14.361| 14.332
delay 2258.153 2272.644| 2241.797| 2152.802| 2249.059| 2250.915| 2260.07| 2239.318| 2256.88| 2265.63| 2244.73
travel
time 3809.263 3840.054) 3784.023 3740.849 3800.559| 3791.865| 3759.11| 3775.262| 3797.35| 3766.01| 3786.43
20% | speed 13.676 13.919| 13.913| 14.137| 14.099| 13.984| 13.948| 13.965| 13.998| 13.976| 13.9615
delay 2295.713 2287.014| 2256.76| 2207.593| 2247.485| 2253.562| 2236.39| 2241.225| 2254.11| 2239.9| 2251.97
travel
time 3719.379 3806.052 3755.002] 3687.26| 3736.081 3806.603| 3726.19| 3750.574| 3714.89| 3794.47| 3749.65
25% | speed 13.555 13.26 13.66 13.875| 13.441| 13.271| 13.726| 13.287| 13.774| 13.53| 13.5379
delay 2255.673 2340.465| 2266.791) 2204.67| 2279.102| 2341.116 2243| 2303.389| 2228.21| 2304.96| 2276.74

136




TABLE 1.1 Continued
Truck Seed
Percentage Number 10 11 12 13 14 15 16 17 18 19 | average
travel
time 3666.772 3699.005 3655.926| 3675.65| 3636.258| 3700.776| 3720.57| 3694.252| 3715.19| 3775.15| 3693.95
30% | speed 13.142 13.383| 13.601 13.129| 13.103 13.27| 13.173 13.253| 13.185 13.01| 13.2249
delay 2264.411 2261.068| 2213.644| 2274.426| 2256.894 2275.152| 2296.59| 2270.899| 2291.95| 2350.54| 2275.56
travel
time 3642.393 3604.044) 3681.1| 3615.053| 3624.931| 3720.744] 3607.08| 3677.951] 3658.3| 3734.51| 3656.61
35% | speed 12.831 13.134| 12.779 13.081| 13.016 12.572| 12.976 12.984| 12.916]| 12.633| 12.8922
delay 2283.695 2226.754| 2314.952| 2240.488| 2256.789| 2362.226| 2248.42| 2290.191| 2286.65| 2364.11| 2287.43
travel
time 3568.267 3650.502 3593.105 3613.78| 3596.375| 3683.122| 3613.02| 3587.876| 3608.21| 3648.46| 3616.27
40% | speed 12.566 12.582| 12.743 12.621| 12.628 12.205| 12.478 12.728| 12.771] 12.576| 12.5898
delay 2264.956 2316.746| 2265.202| 2288.991| 2279.419| 2377.197| 2301.68| 2263.985| 2268.66| 2315.72| 2294.26
Trucks Use Center Lane Scenario of the Network
Truck Seed
Percentage Number 10 11 12 13 14 15 16 17 18 19 | average
travel
time 4109.489 4116.193| 4081.215| 4126.315| 4125.523| 2411.784] 4128.4| 4089.948 4082.76| 4120.37| 3939.2
0% | speed 15.364 15.494| 15.724| 15.575| 15.479 16.427| 15.497 15.615| 15.707| 15.496| 15.6378
delay 2271.035 2257.831 2213.081| 2256.962| 2264.623| 1260.281| 2264.94| 2229.147| 2217.07| 2264.73| 2149.97
travel
time 3977.163 3992.856| 3999.902| 3985.079 4029.793| 4010.518] 4046.75| 4008.307| 4074.39| 4015.49| 4014.02
5% | speed 15.119 15.15 15.212 15.21 15.008 15.09| 14.978 14.978| 14.858| 15.238| 15.0841
delay 2224961 2231.68| 2229.527| 2224.85| 2268.664) 2247.503| 2281.53| 2259.795| 2313.18| 2236.26| 2251.8
travel
time 3879.289 3962.617| 3932.685| 3920.623| 3932.438| 3970.465| 3970.43| 3976.477| 3930.74| 3938.05| 3941.38
10% | speed 14.796 14.609| 14.749 14.679| 14.656 14.638| 14.578 14.371| 14.763| 14.649| 14.6488
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TABLE 1.1 Continued
Truck Seed
Percentage Number 10 11 12 13 14 15 16 17 18 19 | average
delay 2207.3852277.946] 2248.59| 2246.78| 2253.698| 2279.817| 2282.81| 2313.286| 2237.11| 2260.37| 2260.78
travel
time 3875.966 3927 | 3867.645| 3809.839 3832.447| 3913.067| 3856.67| 3832.742| 3846.41| 3938.25 3870
15% | speed 14.261 14.053| 14.329 14.456| 14.389 14.004| 14.374| 14.321| 14.467| 14.106| 14.276
delay 2265.536 2318.802| 2253.284| 2209.438| 2225.494| 2315.717| 2239.64| 2235.074| 2227.24| 2322.15| 2261.24
travel
time 3790.76 3892.553| 3823.662| 3774.938 3811.672| 3873.02| 3777.57| 3823.809 3826.23| 3842.84| 3823.71
20% | speed 13.705 13.654| 13.946 13.944| 13.873 13.662 14 13.869| 13.884| 13.855| 13.8392
delay 2278.87% 2344.92| 2272.122| 2244.594 2271.445| 2333.011| 2234.26| 2277.859| 2279.03| 2293.45| 2282.96
travel
time 3702.981 3782.964) 3741.293| 3718.393| 3764.828| 3752.179| 3687.08| 3728.944| 3724.43| 3764.04| 3736.71
25% | speed 13.6%5 13.519| 13.653 13.673| 13.355 13.349| 13.597 13.414| 13.71] 13.505| 13.5425
delay 2234.2 2299.373| 2261.678| 2242.695| 2306.888| 2299.749| 2231.58| 2275.088 2240.8| 2290.24| 2268.23
travel
time 3737.318 3669.278| 3646.306| 3693.413| 3745.704| 3683.53| 3682.79| 3721.974| 3746.02| 3676.43| 3700.28
30% | speed 13.199 13.478| 13.426 13.148| 13.001 13.285| 13.256 13.167| 13.099| 13.328| 13.2387
delay 2305.097 2233.265| 2224.833| 2284.168| 2332.042| 2258.546| 2263.78| 2297.927| 2322.13| 2252.63| 2277.44
travel
time 3658.615 3682.143| 3673.027| 3578.485| 3624.158| 3667.908| 3660.44| 3642.44| 3646.86| 3722.27| 3655.63
35% | speed 12.8583 12.789| 12.768 13.229| 12.931 12.718| 12.875 12.935| 12.88]| 12.806| 12.8784
delay 2290.727 2312.994| 2312.888| 2201.504| 2263.697| 2316.085| 2289.52| 2275.184| 2282.46| 2338.65| 2288.37
travel
time 3610.553 3598.158| 3624.456 3595.68| 3593.26| 3591.999| 3590.19| 3649.933| 3626.94 3609.02
40% | speed 12.519 12.708 12.77 12.604| 12.703 12.482| 12.773 12.672| 12.658 12.6543
delay 2294.707 2268.972| 2281.863| 2280.881| 2268.377| 2290.935| 2257.97| 2305.254] 2294.6 2282.62
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TABLE 1.2: Intersection Analysis

No Restriction Scenario of the Network

0%

5%

10%

Seed

Number | Delay(All)| tStopd(All) | aveQueug Veh(All) | Delay(All) | tStopd(All) | aveQueue Veh(All) | Delay(All) | tStopd(All) | aveQueug Veh(All)
1 66.7 48.1 132.2 64577 41.9 28.4 101.2| 114494 43.6 29.4 104 | 109171
2 53.4 37.9 118 87196 42 28.6 101.5| 114286 43.1 29 102.4| 110827
3 51.7 36.3 119.6| 94917 40 27.1 98.3| 115389 42.6 28.7 101.1| 112807
4 47.5 32.9 112.2| 104126 40.5 27.4 97.7| 114835 42.5 28.6 102 | 110976
5 45 31.2 109.2| 109304 40.6 27.4 98.3| 116678 43.5 29.3 102.6| 110275
6 42.4 29.1 105.1| 114544 41.5 28.1 100.4| 116766 42.8 28.9 101.8| 111600
7 42.5 29.3 104 | 118060 41.8 28.4 101.3| 116217 42.7 28.8 102.4| 113162
8 42.2 28.9 100.9| 117749 41.3 28 99.6| 116217 43.1 29.1 99.5| 110603
9 41 28 101.9| 120542 40.2 27.2 97| 116421 42.8 28.7 102.8| 112773
10 40.7 27.9 99.8| 121135 40.7 27.6 99| 117404 42.2 28.5 100.8| 112123

average 47.31 32.96 110.29] 105215 41.05 27.82 99.43| 115871 42.89 28.9 101.94| 111432

15% 20% 25%

Seed

Number | Delay(All) | tStopd(All) | aveQueue Veh(All) | Delay(All) | tStopd(All) | aveQueug Veh(All) | Delay(All) | tStopd(All) | aveQueug Veh(All)
1 44.9 30.2 107.3| 105913 46.1 30.9 107| 101578 47.3 315 108.5| 99307
2 44.4 29.8 105.5| 107435 46.8 31.3 108.1| 103864 47.2 315 109.7| 100165
3 44 29.6 104.7| 107251 45.3 30.2 103.9| 103721 47.3 315 107.6| 99749
4 43.7 29.3 102.1| 106095 46.4 30.9 107.9] 102986 46.5 31 108 99647
5 45 30.2 105.2| 106855 46 30.8 106.5| 102677
6 45.3 30.5 103| 105188 46.6 31.1 107.8| 102437 48.6 32.3 111 99052
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TABLE 1.2 Continued

Seed

Number | Delay(All)| tStopd(All) | aveQueug Veh(All) | Delay(All) | tStopd(All) | aveQueue Veh(All) | Delay(All) | tStopd(All) | aveQueug Veh(All)
7 44.1 29.5 105| 107847 46 30.9 108 | 104848 47 31.4 108.2| 100215
8 44.4 29.9 103.3| 107917 47.4 31.8 109.9| 101556 47.3 31.3 108.4| 99279
9 45.2 30.3 106.1| 106349 46.9 31.3 109.5| 102350 46.7 30.9 109.5| 100134
10 43.7 29.5 104| 107576 46.2 30.9 107.1| 103513 48.5 32.3 111.9] 99568

average 44.47 29.88 104.62| 106843 46.37 31.01 107.57| 102953| 47.3778 31.522 109.2] 99680

30% 35% 40%

Seed

Number | Delay(All) | tStopd(All) | aveQueueg Veh(All) | Delay(All) | tStopd(All) | aveQueue Veh(All) | Delay(All) | tStopd(All) | aveQueue Veh(All)
1 48.2 32 110.8| 94834 50 33 113.3| 92399 52 34.4 117.2| 89789
2 49.1 32.5 113.6/ 96896 50.2 33.1 114 94499 50.2 33 114.4| 89632
3 48.5 32.2 109.9| 96422 50.2 33.4 112.7| 92187 52.5 34.5 118.9] 89838
4 48.4 32.2 110.6/ 95835 50 33.2 114.1| 92736 51.3 34 114 89183
5 48.8 32.4 110.8| 95899 50 33.1 112.9] 91969 52.3 34.6 116.4| 87991
6 49.3 32.7 112.4| 95001 50.8 33.7 116.6| 92450 52.2 34.5 116.6| 89404
7 48.3 32.1 110.3] 96130 49.9 33 112.9] 94030 52.4 34.7 119.5| 90670
8 49.5 32.9 110.9] 95249 49.9 32.8 112.4| 93280 50.4 33.3 115.4| 90156
9 48.8 32.4 111.4| 95832 50.2 33.1 115.4| 93630 51.2 33.8 116.5| 89877
10 49.8 33.1 114.2| 96297 50.2 33.2 114.3| 94118 52.3 34.5 117.6] 90969

average 48.87 32.45 111.49| 95839.5 50.14 33.16 113.86] 93130 51.68 34.13 116.65] 89751

Trucks Use Right Lane Scenario of the Network

0%

5%

10%
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TABLE 1.2 Continued

Seed Delay tStopd tStopd average

Number | Delay(All)| tStopd(All) | aveQueug Veh(All) | (All) (All) aveQueue| Veh(All) | Delay(All) | (All) Queue Veh(All)
1 43.5 29.8 108.6| 106690 40.4 27.3 96.9| 117826 41.9 28 101| 113507
2 40.1 27 99.7| 120266 40 27 95.9| 118374 41.9 28.1 101| 113635
3 39.3 26.7 97.4| 121324 39.5 26.7 96.2| 118669 41.3 27.8 97.1| 113239
4 39 26.5 97.4| 121696 40.3 27.2 96.9| 117942 40.4 27.1 96.4| 113403
5 39 26.4 95.9| 123657 39.5 26.7 95.9| 117655 41.2 27.5 97.5| 113754
6 38.2 25.7 95.4| 124548 41 27.7 97.4| 118482 42 28.2 99.8| 112679
7 38 25.7 95.8| 127020 40.3 27.1 98.4| 119578 40.3 26.9 97.5| 114405
8 38.1 25.8 94.2| 125605 39.2 26.4 93.9| 119078 41.9 28.1 99.4| 113046
9 37.4 25.2 93.5| 124986 40.3 27.1 98.2| 119801 41.4 27.7 97.2| 114494
10 37.9 25.7 95| 127256 39.2 26.5 95.3| 119870 42.4 28.6 100.2| 112283

Average 39.05 26.45 97.29| 122305 39.97 26.97 96.5| 118728 41.47 27.8 98.71| 113445

15% 20% 25%

Seed Delay tStopd tStopd average

Number | Delay(All) | tStopd(All) | aveQueue Veh(All) | (All) (AN aveQueug Veh(All) | Delay(All) | (All) Queue Veh(All)
1 43.8 29.2 103.7| 107707 46.1 30.8 105.4| 102387 46.6 30.8 107.4| 100749
2 43.6 28.9 103.7| 108755 45.5 30.3 104.9| 104635 48.1 32 111| 101517
3 43.1 29 100.1| 108507 44.9 29.9 104.1| 105037 46.5 30.8 106.5| 99656
4 43.1 28.9 100.4| 108108 45.5 30.3 104.8| 105611 46.6 31 108.9| 100183
5 43.3 29 101.9| 108638 44.4 29.7 101.6/ 103380 47.3 31.5 108.2| 99341
6 44.8 29.9 103.2| 107517 45.2 30.1 103.7| 103504 47.9 31.9 109.2| 99905
7 43.9 29.3 103.4| 108876 45.6 30.6 104.4| 104477 47.5 31.6 109.7| 99928
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TABLE 1.2 Continued

Seed Delay tStopd tStopd average

Number | Delay(All)| tStopd(All) | aveQueug Veh(All) | (All) (All) aveQueue| Veh(All) | Delay(All) | (All) Queue Veh(All)
8 43.7 29.3 101.6| 107928 45.2 30.1 104.7| 103960 47.2 31.4 107.3| 100279
9 42.1 27.9 100.1| 109866 45.1 29.9 106.2| 103600 46.9 31.2 108.1| 100500
10 42.9 28.6 101| 110930 46.3 30.9 106.3| 104965 46.8 31.1 107.1| 100992

Average 43.43 29 101.91] 108683 45.38 30.26 104.61| 104156 47.14 31.33 108.34| 100305

30% 35% 40%

Seed Delay tStopd tStopd average

Number | Delay(All)| tStopd(All) | aveQueue Veh(All) | (All) (AN aveQueue| Veh(All) | Delay(All) | (All) Queue Veh(All)
1 48.5 32.1 111.5] 95526 50 33.1 113.1| 93677 50.5 33.1 115.7| 91028
2 47.7 31.6 111.7| 96658 50 33.1 113.1| 93677 50.4 33.2 115.5| 91007
3 47.8 31.7 109.1] 96388 49.3 324 113.8] 93696 50.6 334 112.7| 90849
4 48.7 32.2 109.9| 97043 49.3 32.7 112.5| 93210 51.3 34 115.1| 90070
5 48.8 324 110.5| 96256 49.1 32.2 111.8] 93638 51.1 33.7 114.7| 89297
6 48.4 31.9 110.8] 96670 51.1 33.8 115.5| 92710 52.2 34.4 116.6| 89464
7 48.2 32 111.5| 96187 48.8 32.3 114 94813 51.2 33.8 117.8| 91059
8 48.3 32.1 108.7| 97152 50 32.9 112.8| 93830 49.9 32.9 111.5| 90247
9 47.5 31.4 109.2| 96526 48.9 32.2 110.6| 93769 50.1 33 113.8/ 90138
10 49.6 33 113.3] 96435 50.2 33 114.8| 93338 50.3 33.2 115 92032

Average 48.35 32.04 110.62| 96484.1 49.67 32.77 113.2| 93636 50.76 33.47 114.84| 90519

Trucks Use Left Lane Scenario of the Network

0%

5%

10%
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TABLE 1.2 Continued

Seed Delay tStopd tStopd average

Number | Delay(All)| tStopd(All) | aveQueug Veh(All) | (All) (All) aveQueue| Veh(All) | Delay(All) | (All) Queue Veh(All)
1 37 24.9 91.5| 124032 40.3 27.1 97.4| 118559 43.2 28.8 103.6| 113352
2 36.4 24.4 92.2| 127887 39.4 26.4 96.8| 119930 42.6 28.6 101.4| 113567
3 36.8 24.9 93.6| 126995 38.4 25.8 94.4| 119088 40.7 27.3 98.4| 114524
4 36.3 24.4 91.4| 125981 39.6 26.6 96.7| 120507 40.6 27 98.1| 114366
5 37.2 25.1 94.6| 127721 40 27 97.5| 119683 42.2 28.4 101.8| 113694
6 37 24.9 93.2| 126980 39.5 26.6 96.8| 119892 41.8 28 99.8| 114648
7 37.5 25.3 94.3| 127018 40.7 27.4 99.2| 118797 41.5 27.8 100.6| 113638
8 37.2 25.1 92.8| 125861 40 26.9 98| 119014 42.2 28.2 100.9| 113868
9 36.6 24.5 94.7| 126882 40.3 27.1 99.8| 119620 41.4 27.5 101.2| 116773
10 37.3 25.2 94.6| 127834 39.5 26.6 95.8| 120172 42.3 28.4 101| 114053

average 36.93 24.87 93.29| 126719 39.77 26.75 97.24| 119526 41.85 28 100.68| 114248

15% 20% 25%

Seed Delay tStopd tStopd average

Number | Delay(All) | tStopd(All) | aveQueue Veh(All) | (All) (AN aveQueug Veh(All) | Delay(All) | (All) Queue Veh(All)
1 44.2 29.5 103.9| 107322 46.8 31.1 109.1| 102966 46.9 30.9 109.4| 99873
2 43.8 29.1 104.4| 109447 44.9 29.9 106.8| 105612 47.2 31.4 110.9| 99822
3 43.7 29.2 103.5| 108525 45.3 30.3 104.7| 103873 47.3 31.3 109.1| 100767
4 41.6 27.7 98.9| 109058 44 29.1 104.4| 103999 45.9 30.3 104.8| 100873
5 43.2 28.8 102.7| 108277 45.2 30 105.8| 105489 47.5 31.6 109 98659
6 44.3 29.6 103.9| 106256 45.9 30.6 107.3| 104477 48.4 32 112.3] 99210
7 43.5 29.1 103.3| 109275 45.1 30 106.4| 103217 46.8 31 107.9| 100214
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TABLE 1.2 Continued

Seed Delay tStopd tStopd average

Number | Delay(All)| tStopd(All) | aveQueug Veh(All) | (All) (All) aveQueue| Veh(All) | Delay(All) | (All) Queue Veh(All)
8 43.9 29.3 104| 108085 45.3 30 105.6| 103852 47.9 31.7 110.4| 98202
9 43.4 28.8 103.9| 108901 45 29.8 105.8| 104858 46.4 30.5 106.8| 101016
10 43.3 28.8 102.9| 109663 45.2 30.1 105.3| 104093 47.2 31.2 111.4| 101623

average 43.49 28.99 103.14| 108481 45.27 30.09 106.12| 104244 47.15 31.19 109.2| 100026

30% 35% 40%

Seed Delay tStopd tStopd average

Number | Delay(All)| tStopd(All) | aveQueue Veh(All) | (All) (AN aveQueue| Veh(All) | Delay(All) | (All) Queue Veh(All)
1 48.3 31.8 111.9] 95695 50 32.9 114.9| 92321 51.7 34.1 115.6/ 88951
2 47.6 31.3 111.1] 97703 48.6 32 110.7| 93946 514 33.8 118.8] 90814
3 46.9 30.8 107.7| 98118 49.6 32.7 115.5| 92520 50.6 33.3 115 90524
4 48.8 32.2 112.1] 94623 49.8 32.9 112.7| 93070 51.1 33.5 117.4| 89645
5 48.5 32.1 109.2| 93874 48.6 31.9 110.9| 93424 50.5 33.1 114 89842
6 48.8 32.2 111.9] 96803 51.1 33.5 117 92106 53.2 35 120.8| 88458
7 47.4 31.2 111.9] 96961 48.9 32.3 111.9] 93036 51.1 33.7 118.1| 88928
8 48.7 32.2 111.3| 95998 49.9 33.1 113.9] 93935 50.4 33.2 115.5| 89541
9 48.2 31.9 111.8| 96612 49.6 32.5 113.9] 93031 50.6 33.1 115.3| 91091
10 49.1 32.4 114.5| 97168 50.4 33.3 118.4| 93177 50.7 33.3 117.9| 91022

average 48.23 31.81 111.34| 96355.5 49.65 32.71 113.98| 93057 51.13 33.61 116.84| 89882

Trucks Use Center Lane Scenario of the Network

0%

5%

10%

144




TABLE 1.2 Continued

Seed Delay tStopd tStopd average
Number | Delay(All)| tStopd(All) | aveQueug Veh(All) | (All) (All) aveQueue| Veh(All) | Delay(All) | (All) Queue Veh(All)
1 37.4 25.2 94.3| 124796 39.7 26.7 96.2| 118297 41.6 27.9 98.8| 113674
2 37.5 25.2 94.4| 126321 39.9 26.8 96.2| 119737 42.1 28.3 100.7| 114390
3 36.8 24.9 91.6| 126342 39.2 26.4 95.6| 120003 41.2 27.7 98| 114487
4 37.4 25.3 93| 126529 38.7 25.9 95.2| 119238 41.5 27.6 100| 113352
5 37.4 25.2 94.3| 126075 39.4 26.6 96.6| 119930 41.5 27.8 99.8| 114178
6 40.2 27 97.3| 119230 43.2 29 101.7| 114074
7 37.2 25.1 94.3| 126538 40 27 97.9| 120334 42.2 28.2 101.5| 114204
8 38.5 26.2 93.9| 125816 40.3 27.2 97.5| 118405 42.4 28.5 102.2| 112196
9 36.1 24.3 93.2| 126412 40.2 26.9 99.2| 118960 41.1 275 98.8| 114967
10 37.3 25.2 92.7| 125929 39.2 26.4 95.8| 120999 41.7 28 98.4| 114285
Average 37.29 25.18 93.52| 126174 39.925 26.875 97.6| 119675 41.85 28.05 100.23] 113913
15% 20% 25%
Seed Delay tStopd tStopd average
Number | Delay(All) | tStopd(All) | aveQueue Veh(All) | (All) (AN aveQueug Veh(All) | Delay(All) | (All) Queue Veh(All)
1 43.4 28.9 102.9| 109438 45.9 30.6 106.7| 102870 45.9 30.2 107.9| 100020
2 44.4 29.6 105| 109320 45.9 30.6 107.6] 105098 47.1 31.3 109.6| 100929
3 42.8 28.7 101.2| 108970 45.2 30.2 103.4| 104961 46.7 31.1 108.9| 100228
4 42.7 28.5 100.5| 108838 45.4 30.2 105.3| 104452 46.5 30.9 107.6| 100067
5 42.3 28.2 100.8| 109207 45.6 30.4 105.7| 104394 47.3 31.5 108.9| 99203
6 44.9 30 103.7| 108000 46.1 30.8 107.9| 103994 47.7 31.6 110.3] 98965
7 43.4 29 101| 109500 45.1 30.1 103.9| 104653 46.2 30.6 106.8] 99237
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TABLE 1.2 Continued

Seed Delay tStopd tStopd average
Number | Delay(All)| tStopd(All) | aveQueug Veh(All) | (All) (All) aveQueue| Veh(All) | Delay(All) | (All) Queue Veh(All)
8 43.6 29.1 101.5| 108465 45.8 30.5 107.1| 104892 47.2 31.2 109.6/ 99005
9 42.7 28.5 101.2| 110280 45.5 30.3 105.2| 104722 45.6 30.1 107.6| 100667
10 44.4 29.6 105| 109826 45.6 30.6 104.9| 104685 47.3 31.5 109.5| 100490
Average 43.46 29.01 102.28| 109184 45.61 30.43 105.77| 104472 46.75 31 108.67| 99881
30% 35% 40%
Seed Delay tStopd tStopd average
Number | Delay(All)| tStopd(All) | aveQueue Veh(All) | (All) (AN aveQueue| Veh(All) | Delay(All) | (All) Queue Veh(All)
1 48.5 31.9 111.3] 96928 50 33 114.2| 92713 50.7 33.2 117.1] 89643
2 48.1 31.8 113.3] 97826 50.2 32.9 114.3| 93623 50.2 33 114.8| 90668
3 48.6 32.2 109.3] 97193 49.7 32.8 113.7| 91932 51.2 33.7 115 90995
4 47.6 31.3 109.1] 96461 48.6 31.9 109.2| 93489 51 33.7 116.3] 89798
5 48.7 32.3 110.1] 95592 48.7 32.1 111.4| 92544 50.9 33.4 114.7| 90081
6 49.9 32.9 113.6| 95719 51.1 33.8 114.9| 92054 52.5 34.5 117.7| 88382
7 47.3 31.3 110.6| 96707 50.2 33.3 113.8| 93208 50.2 33.3 113.8] 93208
8 48.4 31.9 110.5| 96239 50 33 113.3] 92500 49 32.2 113.6/ 90545
9 48.5 32 112.2| 96433 49.2 32.4 114.6| 92462 50.7 33.2 117.1| 91265
10 49 32.4 113.2| 97251 50.7 33.4 117.2| 93993 50.5 33.1 116.1| 90822
Average 48.46 32 111.32| 96634.9 49.84 32.86 113.66| 92852 50.69 33.33 115.62| 90541
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TABLE 1.3: Speed, Volume, and Density Data

No Restriction Scenario of the Network

All
Car Truck Volume | Vehicle Density
Speed Speed (vphpl) Speed (vpmpl)
0% 32.867 0.000| 320.062 32.853 13.023
5% 32.528 32.270| 311.693 32.453 13.700
10% 32.653 32.170| 296.259 32.507 13.151
15% 32.469 31.934| 276.897 32.301 12.870
20% 32.659 32.025| 263.736 32.423 12.237
25% 32.106 31.318| 256.789 31.811 13.012
30% 32.182 31.948| 253.823 31.922 12.345
35% 32.270 31.491| 246.643 31.897 12.012
40% 31.896 31.175| 234.761 31.431 12.790
Trucks Use Right Lane Scenario of the Network
All
Car Truck Volume | Vehicle Density
Speed Speed (vphpl) Speed (vpmpl)
0% 32.854 0.000| 313.808 32.845 12.814
5% 32.685 30.567| 312.804 32.602 13.525
10% 32.364 30.343| 292.908 32.227 13.567
15% 32.444 30.202| 275.150 32.214 12.736
20% 32.546 30.186| 260.568 32.267 12.293
25% 32.233 29.441| 256.172 31.795 12.921
30% 32.269 29.540| 249.804 31.881 12.218
35% 32.034 28.865| 246.013 31.404 12.718
40% 32.225 28.840| 240.552 31.586 12.606
Trucks Use Left Lane Scenario of the Network
All
Truck Car Truck Volume | Vehicle Density
Percentage| Speed Speed (vphpl) Speed (vpmpl)
0% 32.748 0.000| 334.484 32.743 12.722
5% 32.720 31.025| 313.449 32.628 12.652
10% 32.594 30.326| 285.731 32.432 12.052
15% 32.691 30.060| 297.596 32.398 12.387
20% 32.561 30.130| 280.111 32.229 12.779
25% 32.199 29.579| 259.947 31.820 11.725
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TABLE 1.3 Continued

All
Truck Car Truck Volume | Vehicle Density
Percentage| Speed Speed (vphpl) Speed (vpmpl)
30% 32.609 29.900| 256.742 32.117 11.054
35% 32.412 29.410| 252.745 31.779 11.437
40% 32.240 29.200| 241.939 31.522 11.085
Trucks Use Center Lane Scenario of the Network
All
Truck Car Truck Volume | Vehicle Density
Percentage| Speed Speed (vphpl) Speed (vpmpl)
0% 32.880 0.000f 311.136 32.866 12.830
5% 32.681 30.988| 310.985 32.556 13.430
10% 32.560 31.042| 295.229 32.328 13.074
15% 32.575 30.793| 276.388 32.277 12.638
20% 32.764 30.618| 259.962 32.331 12.217
25% 32.265 29.899| 258.789 31.628 13.109
30% 32.320 30.367| 258.433 31.823 12.434
35% 32.258 29.710| 239.265 31.460 12.566
40% 32.204 27.983| 235.877 31.313 13.110
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