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ABSTRACT

A Traffic Operations Method for Evaluating Automobile and Bicycle Shared Roadways.
(May 2011)
James Allan Robertson, B.S. Michigan State University;
B.A. University of Notre Dame

Chair of Advisory Committee: Dr. Gene Hawkins

Shared roadways are a cost effective method for providing bicycle facilities in areas with
limited right-of-way; shared roadways have automobiles and bicycles operating in the
same traveled way. However, shared roadways may negatively affect traffic operations
and there is limited guidance on appropriate shared roadways implementation. This
thesis has three objectives: evaluate the impact of shared roadways on automobile
quality of service, compare automobile quality of service to bicycle quality of service on
shared roadways, and provide guidance on the implementation of shared roadways. The
author hypothesizes that shared roadways should only be implemented when automobile

Level of Service (LOS), bicycle LOS, and facility safety are “acceptable.”

The author accomplishes the objectives by generating data using microsimulation
models. The author uses microsimulation model data to evaluate automobile quality of
service on shared roadways. In the evaluation of automobile quality of service, the
measures of effectiveness are automobile LOS threshold (the maximum automobile
flow-rate before a change in automobile LOS) and automobile average travel speed (the
average travel time divided by the segment length, a space mean speed). To compare
automobile and bicycle quality of service, the author uses the bicycle LOS model in
NCHRP Report 616 to generate bicycle LOS thresholds (the maximum automobile flow-
rate before a change in bicycle LOS). After generating bicycle LOS thresholds, the
author compares the bicycle LOS thresholds to the automobile LOS thresholds. Finally,
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the author uses the findings of the investigations to provide guidance on the

implementation of shared roadways.

In this thesis, the author finds automobile quality of service on shared roadways
decreases as automobile free-flow speed, automobile volume, and bicycle volume
increase. For most conditions, the author finds bicycle quality of service is better than
automobile quality of service on shared roadways. Bicycle quality of service is lower
than automobile quality of service with increases in unsignalized access points per mile,
signalized intersection crossing distance, and heavy vehicle percent. The author
provides guidance on the implementation of shared roadways based upon automobile

quality of service.
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CHAPTER |
INTRODUCTION

The transportation system strives to balance the needs of many users through a variety of
modes. One means of providing greater balance is to increase bicycle accommodation
through the development of bicycle facilities. Some jurisdictions have embraced the
idea of increasing bicycle accommodation by pursuing the goal of providing a system of
paths, bicycle lanes, and shared roadways for bicycle users. Among these types of
bicycle facilities, paths are separate, exclusive facilities for bicycles and pedestrians,
bicycle lanes provide a separate traveled way alongside automobile facilities, and shared
roadways have automobiles and bicycles operating in the same traveled way (AASHTO

1999).

Shared roadways are a cost-effective method for providing bicycle facilities in areas
with limited right-of-way; they do not require additional right-of-way or separate
facilities. However, shared roadways may negatively affect automobile operations and
there is limited guidance on appropriate implementation. One example of
implementation guidance, developed by the Oregon Department of Transportation
(ODOT), uses automobile volume and automobile speed to provide recommendations on
shared roadway use; it suggests shared roadways are less acceptable at higher
automobile speeds and automobile volumes (ODOT 2009). Engineering judgment
seems to be the basis for the draft guidance. Although developed, ODOT has not
adopted the draft guidance for use in practice. One weaknesses of the draft guidance is
that it ignores bicycle demand in the evaluation of bicycle facilities (ODOT 2009).
Furthermore, the draft guidance does not directly take into account the operational

performance of shared roadways (ODOT 2009). There is need for a better method for

This thesis follows the style of the Journal of Transportation Engineering.



evaluating shared roadways that considers the operational performance of the facility.

This thesis attempts to develop such a method.

Operational performance and quality of service are typically described by Level-of-
Service (LOS); the primary reference for determining LOS is the Highway Capacity
Manual (HCM). While the HCM 2000 is the current edition, the 2010 edition of the
HCM will be released in 2011. The expected procedures for determining automobile
LOS and bicycle LOS, on urban streets, were developed in projects sponsored by the
National Cooperative Highway Research Program (NCHRP). NCHRP Report 616
documents a model for determining bicycle LOS on urban street segments and it applies
to shared roadways; based on user perception data, the model indicates bicycle LOS is a
function of unsignalized access points per mile, automobile volume, heavy vehicle
percent, pavement condition, outside lane width, and signalized intersection crossing
distance (Dowling et. el. 2008). NCHRP Project 3-79 updates the HCM methodology
for evaluating automobile LOS on urban street segments, indicating automobile LOS on
urban street segments is a function of percent free-flow speed (Bonneson et. el. 2008).
Free-flow speed is approximately the speed limit on urban street segments. Percent free-

flow speed is the average travel speed divided by the free-flow speed, as a percentage.

The automobile LOS methodology does not include delay associated with bicycles in the
traveled way. This means, for inclusion in automobile LOS estimation, automobile
delay associated with shared roadways (delay due to bicycle and automobiles sharing the
same lane) must come from other sources. Possible sources of delay estimations on
shared roadways include field observations and microsimulation. Utilizing the
microsimulation approach, this thesis relies on VISSIM 5.10 (a microsimulation

program) to model bicycles in the traveled way (PTV 2008).



Problem Statement

This thesis uses microsimulation to evaluate changes in automobile LOS due to the
presence of bicycles on shared roadways. The work in this thesis focuses on four-lane,
divided, minor arterials and four-lane, divided collectors. The author hypothesizes that
shared roadways should only be implemented when automobile LOS, bicycle LOS, and
facility safety are “acceptable;” however, an investigation of facility safety is outside the
scope of this thesis. This thesis documents the author’s efforts to demonstrate a need to
consider automobile operations in the evaluation of shared roadway facilities.
Additionally, the author provides guidance on the use of shared roadways. If shared
roadway design is going to continue, decision makers should understand the impact of

shared roadways on automobile LOS.

Research Objectives

As an unfunded effort, this thesis was limited in the scope of data collection that could
be undertaken. Therefore, this thesis analyzes microsimulation data using procedures for
evaluating automobile LOS expected to be in the HCM 2010. This thesis has three
research objectives. The first research objective is to determine the impact of shared
roadways on automobile quality of service. The second objective is to compare
automobile and bicycle quality of service on shared roadways. The third objective is to

provide guidelines on the implementation of shared roadways.

To accomplish the research objectives, the author conducts a sensitivity analysis of
independent variables associated with shared roadways. The sensitivity analysis
investigates changes in quality of service associated with changes in roadway design and
traffic flow independent variables. To evaluate automobile quality of service, the author
uses microsimulation to generate data. To evaluate bicycle quality of service, the author
uses the bicycle quality of service model documented in NCHRP Report 616 (Dowling
et. el 2008). Roadway design and traffic flow independent variables are included in this

thesis if:



1. The independent variable is changeable in VISSIM 5.10, or
2. The independent variable is part of the bicycle LOS model found in NCHRP
Report 616.

Independent variable values are representative of minor arterials and collectors.

If an independent variable is changeable in VISSIM 5.10, the author uses
microsimulation to generate data for identified independent variable values; other
variables are not included in microsimulation. The microsimulation outputs are
automobile volume, bicycle volume, automobile average travel time, and bicycle
average travel time. The author converts automobile average travel time to automobile
average travel speed. Using automobile average travel speed, percent free-flow speed is
calculated. VISSIM 5.10 uses desired speed distributions to determine vehicle travel
speed; this thesis assumes free-flow speed is the median desired speed of the speed
distribution. This means, in VISSIM terminology, percent free-flow speed is percent

median desired speed.

To accomplish the first research objective, the author uses outputs from VISSIM 5.10 to
document relationships between identified independent variables, automobile volume,
automobile free-flow speed, and automobile LOS thresholds. Automobile LOS
thresholds are the maximum automobile flow rate for a given automobile LOS. The
author does not use VISSIM 5.10 outputs to evaluate bicycle LOS; according to the
bicycle LOS model, bicycle LOS is independent of bicycle volume and bicycle average
travel time (Dowling et. el. 2008).

To accomplish the second research objective, the author obtains bicycle LOS thresholds
using the bicycle LOS model in NCHRP Report 616. To obtain bicycle LOS thresholds
(the maximum automobile flow rate for a given bicycle LOS), the author manipulates
the bicycle LOS model such that it outputs bicycle LOS thresholds. After obtaining
comparison bicycle LOS thresholds, the author determines which LOS D threshold is



lower (automobile or bicycle). The mode with a lower LOS D threshold governs facility
selection for a given set of independent variable values. If each mode has one set of
independent variables values in which it governs facility selection, the author’s
hypothesis is correct. Otherwise, decision makers should only consider the mode that

always governs.

To accomplish the third research objective, the author uses the results of the first two
research objectives to develop guidance on the implementation of shared roadways. The
shared roadway implementation guidance is a function of automobile and bicycle quality
of service. The guidance gives three recommendations; shared roadways acceptable,
shared roadways unacceptable, and further analysis is necessary. To assist practitioners
in conducting further analysis, the author provides a methodology for estimating
automobile percent free-flow speed on shared roadways; additionally, the author
provides bicycle quality of service considerations. Note: the values used to develop the
guidance and delay estimation methodology are from a microsimulation model not
calibrated to observed data.

Key activities in this thesis are:
e A review of current knowledge (Chapter II),
e The selection of independent variables and variable values (Chapter III),
e The creation and partial calibration of microsimulation models (Chapter III),
e An evaluation of automobile quality of service on shared roadways (Chapter 1V),
e A comparison of automobile quality of service to bicycle quality of service on
shared roadways (Chapter V), and
e The development of guidance on the implementation of shared roadways
(Chapter VI).
The author summarizes the findings and provides recommendations for future efforts in

Chapter VIL



It is outside the scope of this thesis to conduct a safety analysis of shared roadways.
This thesis assumes current shared roadway design standards produce nominally safe
facilities. When analysis methods become available, the author recommends

incorporating substantive safety in to the evaluation of shared roadways.



CHAPTER I
BACKGROUND

Shared roadways are a cost-effective method for providing bicycle facilities with limited
right-of-way; however, they may negatively affect automobile operations and there is
limited guidance in their use. This thesis has three research objectives: to determine the
impact of shared roadways on automobile quality of service, to compare the impact on
automobile quality of service to the impact on bicycle quality of service, and to use the
finding to provide guidance on shared roadway implementation. To accomplish the
three research objectives, the author documents background information pertaining to
bicycle facility design, roadway functional classification, bicycle LOS, automobile LOS,
and VISSIM 5.10. The information in this chapter provides the basis for decisions made

in this thesis.

Bicycle Facility Design

When selecting bicycle facility type, decision makers should consider bicycle user
characteristics (AASHTO 1999). There are three types of bicycle facilities. Shared use
paths have bicycles and pedestrians operating in the same traveled way; automobiles
have a separate facility. Bicycle lanes are adjacent to the automobile traveled way.
Shared roadways have automobiles and bicycles operating in the same traveled way.

Bicycle riding practices on shared roadways may affect automobile quality of service.

User Characteristics

AASHTO (1999) recognizes three types of bicycle users. Experienced cyclists operate
bicycles in a manner similar to how they would operate an automobile. Most
experienced cyclists are comfortable riding with automobile traffic. Amateur cyclists
are less comfortable riding with automobile traffic. Children are the third type of bicycle
user; children should not ride with automobile traffic (AASHTO 1999). Experienced

cyclists and amateur cyclists are capable of utilizing shared roadways. Amateur cyclists



prefer bicycle lane facilities to shared roadways. For children, designers should provide

shared use paths or sidewalks clear of obstacles (AASHTO 1999).

This thesis focuses on experienced and amateur cyclists. Most experienced and amateur
cyclists operate bicycles within a width of 40 inches (3.3 ft) (AASTHO 1999). The
design width of bicycles, with rider, is 30 inches (2.5 ft). Bicycle free-flow speed ranges
from 6.2 mph to 17.4 mph (AASHTO 1999). Most bicycles ride at a speed between 7.5
and 12.4 mph (Allen et. el. 1998).

Shared Use Paths

Shared use paths are facilities for bicycles and pedestrians that are separate from
automobile facilities (AASHTO 1999). AASHTO (1999) recommends locating shared
use paths away from automobile traveled way; this reduces conflicting movements.
Shared use paths have bicycles and pedestrians traveling in both directions. The
recommended width of shared use facilities is 10 ft; providing 5 ft for each direction
(AASHTO 1999). When designing shared use paths, engineers should consider
horizontal alignment and sight distance. Shared use paths are ideal for children. Shared

use paths require more right-of-way than bicycle lanes and shared roadways.

Bicycle Lanes

Bicycle lanes are adjacent to the automobile traveled way. Pavement markings, and
signs, delineate bicycle lanes from automobile traveled way. The minimum design
width for bicycle lanes is 4 ft, if there is no gutter pan (AASTHO 1999). The
recommended design width is 5 ft (AASTHO 1999). Assuming an automobile lane
width of 12 ft, a four lane minor arterial would require a total pavement width of 58 ft.
Bicycle lanes require more right-of-way than shared roadways; less than shared use

paths.



Shared Roadways

Shared roadways require the least right-of-way and pavement width; they also increase
automobile and bicycle interaction. This interaction may negatively affect quality of
service. There are two types of shared roadways, those without additional outside lane

width and those with additional outside lane width.

When providing additional outside lane width, AASHTO (1999) recommends 14 ft. An
outside lane width of 15 ft is preferred, if possible. Travel lanes should not have a width
greater than 15 ft. Automobile users may get confused when outside lane widths are

greater than 15 ft; they mistakenly believe the one outside lane is in fact two lanes. This

means shared roadways have a range of widths; they are 10 ft to 12 ft and 14 ft to 15 ft.

Based upon outside lane width, bicycle-riding style may change. A change in bicycle-
riding style may affect automobile quality of service. The League of American
Bicyclists (2010) recommendations the following riding practices,

e Bicycles should ride in the same direction as vehicles,

e Bicycles should obey all signs, signals, and markings,

e Bicycles should ride in the proper lanes (e.g. left turn lane when turning left), and

e Bicycles should stay to the right unless passing.
When there is insufficient lane width, bicycles are encouraged to ride towards the center
of the travel lane (League of American Bicyclists 2010). Additionally, bicycles are
encouraged to ride towards the center of the lane to avoid car doors on facilities with on
street parking. This type of riding may cause additional delay to motor vehicles in the

traveled way. This thesis seeks to quantify the delay to automobiles in shared roadways.

Roadway Functional Classification
Decision makers should consider roadway functional classification when deciding on
type of bicycle facility. Engineers use roadway functional classification to balance

mobility and access. Mobility is the need to move vehicles in an efficient manner.
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Access is the need for vehicles to be able to enter the roadway network. Higher
functionally classified roadways focus on mobility. Lower functionally classified

roadways focus on access.

Seven functional classifications are shown in Table 2.1. Decision makers should avoid
shared roadway design on roadways that emphasize mobility. This means major
arterials, principle arterials, and freeways. Shared roadways are a good solution on most
local streets. There is limited guidance for the use of shared roadways on minor
arterials, major collectors, and minor collectors. This thesis investigates shared

roadways on minor arterials and collectors.

Table 2.1 Functional Class and Characteristics
from Least to Most Access, Top to Bottom (Stover and Koepke 2006)

Functional Class Lanes I;ii?;:’;g Frg;;lzl((i)w
Freeway 4t06 Divided 55+
Principle Arterial 6 Divided 45 to 55
Major Arterial 4t06 Divided 45 to 50
Minor Arterial 4t05 Either 40 to 45
Major Collector 2to5 Either 35 to 40
Minor Collector 2 Undivided 25to0 35
Local 1to?2 Undivided <25

Level of Service

Level of Service (LOS) is “a quality measure describing operational conditions within a
traffic stream, generally in terms of such service measures as speed and travel time,
freedom to maneuver, traffic interruptions, and comfort and convenience” (HCM 2000,

pg. 2-2). This means LOS describes how drivers perceive operating conditions (HCM
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2000). This thesis investigates bicycle LOS and automobile LOS as methods for

evaluating shared roadway facilities.

Bicycle LOS
In NCHRP Report 616, researchers developed a new bicycle LOS model (Dowling et. el.
2008). The purpose of the new model is to replace the HCM 2000 method (Dowling et.
el. 2002). The bicycle LOS model incorporates user perception data; researchers
obtained user response to video clips (Dowling et. el. 2008). The model includes the
following independent variables (Dowling et. el. 2008):

e Number of directional through lanes,

e Qutside lane width,

e Roadway division,

e Unsignalized access points per mile,

e Signalized intersection crossing distance,

e Percentage of roadway segment with occupied on street parking,

e FHWA'’s five-point pavement condition rating,

e Automobile speed,

e Automobile volume,

e Heavy vehicle percent, and

e Peak hour factor.
Of these variables, those with the greatest impact are unsignalized access points per
mile, automobile volume, heavy vehicle percent, FHWA’s five-point pavement
condition rating, pavement condition, outside lane width, and signalized intersection
crossing distance. The model provides a quality of service rating which is associated

with a letter level of service.

Unsignalized access points per mile are an interesting inclusion in the bicycle LOS

model. Historically, decision makers have not considered access in the design and
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planning of roadways (TRB 2003). This has resulted in roadways with high access rates;

according to the new model, these roadways have lower bicycle LOS.

The TRB (2003) Access Management Manual discuses four methods for determining
access spacing. Stopping sight distance is the distance traveled by a vehicle while the
driver perceives a need to stop and successfully performs the maneuver. Stopping sight
distance varies by vehicle travel speed. Intersection sight distance, the spacing between
vehicles needed by a driver to enter the cross street. Intersection functional area, queue
length plus stopping sight distance. Influence distance, the distance from an access point
where trailing vehicles begin to brake; trailing vehicles are following a vehicle turning at

the access point.

These four access spacing methods are idealized conditions; traditionally, access spacing
is less than the recommended minimums. There is support for using stopping sight
distance (TRB 2003 & Stover and Koepke 2006). For new constructions, this is not a
problem; however, retrofitting this requirement is difficult (TRB 2003). This thesis
assumes stopping sight distance as the minimum spacing; the author understands it is an

idealized condition.

Automobile LOS

NCHRP Project 3-79 updates the HCM methodology for evaluating automobile LOS on
urban street segments (Bonneson et. el. 2008). NCHRP Project 3-79 indicates
automobile LOS on urban street segments is a function of percent free-flow speed
(Bonneson et. el. 2008). Percent free-flow speed is average travel speed divided by free-
flow speed, as a percentage. The current method uses average travel speed, urban street

classification, free-flow speed, and typical free-flow speed (HCM 2000).

HCM 2000 criteria and NCHRP Project 3-79 criteria are shown in table 2.2. According

to NCHRP Project 3-79, the new ranges more accurately represent automobile user
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perception. The new methodology does not include delay associated with bicycles in the
traveled way. This means, for inclusion in LOS estimation, automobile delay associated
with shared roadways must come from other sources. Field observations and

microsimulation are possible delay estimation sources.

Table 2.2 HCM 2000 and NCHRP 3-79 Urban Street LOS Criteria

* HCM 2000 * NCHRP 3-79
LOS * HCM 2000 (Percent FFS) (Percent FFS)
Roadway with FFS of 30 mph All speeds

LOS A > 30 mph > 100 > 85
LOS B | >24to 30 mph >80 to 100 > 67 to 85
LOSC | >18to 24 mph > 60 to 80 > 50 to 67
LOSD | >14to 18 mph > 47 to 60 > 40 to 50
LOSE | >10to 14 mph >33 to 47 > 30 to 40
LOSF < 10 mph <33 <30

*Includes reductions in speed that are the result of control delay

Design Decisions Using LOS

In addition to describing how facilities are operating, transportation engineers use LOS
to make decisions concerning the design and operation of roadways. For example, the
criterion for adding climbing lanes includes a consideration of automobile LOS.
AASHTO (2004) recommends adding a climbing lane if the LOS on the facility is less
than D or LOS drops by two or more levels when moving from the approach segment to
the grade (from A to C or B to D). This thesis suggests shared roadways are acceptable
if the facility is operating at LOS D or better.
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VISSIM 5.10

VISSIM 5.10 is a microsimulation program capable of simulating bicycles in the
traveled way (PTV 2008). VISSIM 5.10 is also capable of simulating automobiles
passing bicycles in the same travel lane (PTV 2008). Proper microsimulation analysis
requires calibration of the model to observed data (Dowling et. el. 2002). VISSIM 5.10
is a data intensive program (Dowling et. el. 2002). The author was unable to identify

efforts using VISSIM 5.10 to evaluate operational impacts of bicycles.
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CHAPTER IlI
STUDY DESIGN & MICROSIMULATION MODELS

This thesis has three research objectives; they are to evaluate the impact of shared
roadways on automobile quality of service, to compare automobile quality of service to
bicycle quality of service on shared roadways, and provide guidance on the
implementation of shared roadways using automobile and bicycle quality of service. In
this chapter, the author documents the study design and microsimulation models used to
accomplish the research objectives. The information in this chapter forms the basis for
the results and findings in this thesis. This chapter documents the study approach,
variable selection, microsimulation model development, microsimulation model coding,

microsimulation model output, partial microsimulation model calibration, and summary.

Study Approach

This thesis uses microsimulation to generate data used in a sensitivity analysis of
automobile quality of service on shared roadways. The sensitivity analysis investigates
changes in automobile quality of service associated with changes in identified
independent variables. The measures of effectiveness (MOEs) for automobile quality of
service are automobile average travel speed (space mean speed) and automobile LOS
threshold. An automobile LOS threshold is the maximum automobile flow rate for a
given LOS. For example, the automobile LOS D threshold is the maximum automobile

flow rate on a facility before the automobile LOS becomes E.

After an investigation of automobile quality of service, the author compares automobile
LOS D thresholds to bicycle LOS D thresholds. The purpose of this comparison is to
determine which mode governs shared roadway implementation. A mode governs
shared roadway implementation if the associated LOS D threshold is less than the LOS
D threshold for the other mode. For example, if the automobile LOS D threshold is less
than the bicycle LOS D threshold, automobile LOS governs shared roadway
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implementation. To obtain bicycle LOS D thresholds (the maximum automobile flow
rate for a given bicycle LOS), the author manipulates equations in the bicycle LOS

model from NCHRP Report 616; the author changes LOS from an output to an input.

Based upon the results of the automobile quality of service investigation and comparison
of automobile and bicycle quality of service, the author provides guidance on the
implementation of shared roadways. The guidance recommends not implementing
shared roadways on facilities where the automobile LOS would be D or lower. The
author provides guidance for shared roadways facilities with an outside lane width less

than 14 ft and facilities with an outside lane width greater than 14 ft (wide outside lanes).

Variable Selection

To perform automobile quality of service sensitivity analysis and to compare automobile
and bicycle quality of service, the author identifies independent variables that influence
automobile and bicycle quality of service on shared roadways. This thesis includes
independent variables the author can adjust in VISSIM 5.10 and independent variables
included in the bicycle LOS model from NCHRP Report 616 (PTV 2008 & Dowling et.
el. 2009). The author identifies eight independent roadway characteristic variables and
nine independent traffic flow variables. After identifying independent variables, the
author determines independent variable values associated with minor arterials and
collectors. This section documents the independent variables, criteria met for inclusion,

and values for each independent variable.

Independent Roadway Characteristic Variables

The eight independent roadway characteristic variables, criteria met, and values are
shown in Table 3.1. Under criteria met, “simulation” means the variable is changeable
in VISSIM 5.10. If the criteria met is “NCHRP,” the variable is part of the bicycle LOS
model in NCHRP Report 616 (Dowling et. el. 2009). If the criteria met is “Both,” the
variable is changeable in VISSIM 5.10 and included in the bicycle LOS model. This
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thesis focuses on four-lane divided minor arterials and collectors; therefore, “number of

directional through lanes” and “roadway division” (median presence) have one value.

Table 3.1 Independent Roadway Characteristic Variables

Independent Variable Criteria Met Value(s)
Number of directional through lanes Both 2
Outside lane width Both 12ft& 15 ft
Segment length Simulation 1320 ft & 2640 ft
Roadway division NCHRP Divided
Unsignalized access points per mile NCHRP Table 3.2

Signalized intersection

. . NCHRP 38 ft, 62 ft, & 86 ft
crossing distance

Percentage of roadway segment
with occupied on street parking
FHWA’s five-point

pavement surface condition rating

NCHRP 0 %, 50 % & 100 %

NCHRP 2,3,&4

Unsignalized access points per mile is a rate; it is the total number of unsignalized access
points on one side of the roadway segment divided by the length of roadway segment,
the value is converted to a per mile equivalent. A recommended spacing of access
points along a roadway segment is Stopping Sight Distance (SSD), which varies by
Free-Flow Speed (FFS) (Stover and Koepke 2006, TRB 2003). The maximum number

of recommended access points along a roadway segment varies with FFS.

Access point rates are shown in Table 3.2. “Half Access” is half the maximum number
of access points on a 1320 ft roadway segment using SSD as the minimum spacing;
“Maximum Access” is the maximum number of access points on a 1320 ft roadway
segment assuming SSD is the minimum spacing. The author assumes access spacing is

from center of driveway to center of driveway. Cross streets at signalized intersections
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are not included in the access point rate; however, the author assumes access points have
minimum spacing from the center of the cross street. To calculate the 25 mph FFS
“Maximum Access” rate, divide 1320 ft by 155 ft; then subtract one from the obtained
value (this accounts for one of the access points being a signalized intersection). Next
round the obtained value down to the nearest whole number, this gives you the number
of allowable access points on a 1320 ft roadway segment; the per mile equivalent is four
times the number of access points on a 1320 ft roadway segment. The author uses the

same procedure to calculate the “Maximum Access” rate for the other FFS conditions.

Table 3.2 Unsignalized Access Points Comparison Rates by FFS

FFS (mph) Min.imum No Access. Half Acces§ Max.imum Acgess
Spacing (ft) | (Points per mile) (points per mile) (points per mile)

25 155 0 14 28

30 200 0 10 20

35 250 0 8 16

40 305 0 6 12

45 360 0 4 8

The signalized intersection crossing distances in Table 3.1 are based on cross streets
with cross-sections containing a 14 ft median. In addition to a 14 ft median, the author
assumes the cross street lanes are 12 ft wide. For bicycle LOS, the author evaluates
cross street cross-sections of two, four, and six lanes. For automobile LOS, the author

uses a cross street cross-section of four lanes, 62 ft.
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Traffic Flow Independent Variables

The nine independent traffic flow variables, criteria met, and values are shown in Table
3.3. Independent traffic flow variables use the same criteria as the roadway design
independent variables. This thesis does not evaluate comparison values for peak hour
factor; instead, the author evaluates different automobile flow-rates. Additionally, the

author only evaluates one distribution of Bicycle FFS; alternative distributions were

unavailable.

Table 3.3 Independent Traffic Flow Variables

Independent Variable Criteria Met Value(s)
Automobile FFS Both Table 3.4
300 veh/h, 600 veh/h,
Automobile flow-rate Both 900 veh/h, 1200 veh/h,
& 1500 veh/h
Bicycle FFS Simulation 7.4 to 12.5 mph-
Bicycle flow-rate Simulation 50 b?kle);l/(}f,sgcl’ 1205 Ob‘tﬁ{lfess/}l};
Cycle length Simulation 90 s &120's
Green time ratio Simulation 0.20& 0.4
Signal offset Simulation Table 3.5
Heavy vehicle percent NCHRP 0%,5 %, &10%
Peak hour factor NCHRP 1.0

* Also in NCHRP Report 616

VISSIM 5.10 uses desired speed distributions to assign speeds to simulated vehicles.
Automobile median speed is the median speed of the desired speed distribution. This
thesis simulates five desired speed distributions; the median, minimum, and maximum
values of each speed distribution are shown in Table 3.4. This thesis assumes the
median speed of the speed distribution is the FFS; FFS is approximately the speed limit

on urban street segments. This thesis uses linear speed distributions; this means VISSIM
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5.10 assigns speeds with an equal probability between the minimum and maximum

speed in each speed distribution.

Table 3.4 Desired Speed Distributions by FFS

FFS (mph) | Median (mph) | Minimum (mph) | Maximum (mph)
25 25 20 30
30 30 25 35
35 35 30 40
40 40 35 45
45 45 40 50

For each simulation model, the author simulates five automobile flow-rates. The flow
rates used in each model are shown in Table 3.5. The volumes in model 4 are lower
because of a lower capacity caused by a lower green time ratio. Capacity for each model

is the average number of vehicles traversing the roadway segment in 60 minutes under a

demand volume of 3000 veh/h.

For each FFS, this thesis uses a different signal offset; they are shown in Table 3.6. The
author uses signal offsets equal to the segment length divided by FFS. Vehicles
traveling near the FFS should clear the downstream intersection under low volumes; this

is an idealized condition.
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Table 3.5 Automobile Flow-Rates by Model
Model Flow-Rates
Model 1 300 veh/h, 600 veh/h, 900 veh/h, 1200 veh/h, & 1500 veh/h
Model 2 300 veh/h, 600 veh/h, 900 veh/h, 1200 veh/h, & 1500 veh/h
Model 3 300 veh/h, 600 veh/h, 900 veh/h, 1200 veh/h, & 1500 veh/h
Model 4 300 veh/h, 450 veh/h, 600 veh/h, 750 veh/h, & 900 veh/h
Model 5 300 veh/h, 600 veh/h, 900 veh/h, 1200 veh/h, & 1500 veh/h
Model 6 300 veh/h, 600 veh/h, 900 veh/h, 1200 veh/h, & 1500 veh/h

Table 3.6 Signal Offsets by FFS and Segment Length

Signal Offset (s)
FES (mph) 1320 ft Segment | 2640 ft Segment
25 36 72
30 30 60
35 26 51
40 23 45
45 20 40

Microsimulation Model Development

There are 96 ways to combine microsimulation variables; this does not include
automobile FFS and automobile volume combinations. Including automobile FFS and
automobile volume there are 2,400 combinations. As an unfunded effort, this thesis
reduces the number of combinations. Variables values not identified in Table 3.1 or

Table 3.3 are not simulated.

Also, this thesis does not evaluate the combined effect of independent variables; this
reduces the number of microsimulation scenarios and models. For example, only
segment length changes in the investigation of segment length; all other variables remain
the base value. This approach results in six models; with each model having one to three

simulation scenarios (these scenarios do not include the 25 automobile FFS and volume
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combinations); the connections between models, scenarios, FFSs, and volumes are

shown in Figure 3.1. The independent variable values corresponding to each model and

scenario are shown in Table 3.7.

I Model 2 l I Model 3 l I Model 4 l I Model 5 l I Model 6 l
AN AN ~N ~N AN

I Scenario 2.1 I I Scenario3.1 I I Scenario 4.1 I I Scenario 5.1 I | Scenario 6.1 I
| Scenario 1.2 | I Scenario 4.2 I I Scenario 5.2 I
\ For Each Scenario

Automobile FFS Automobile FFS Automobile FFS Automobile FFS Automobile FFS

25 mph 30 mph 35mph 40 mph 45 mph
ForEach FFS
Automobile Automobile Automobile Automobile Automobile
Flow-Rate 1 Flow-Rate 2 Flow-Rate 3 Flow-Rate 4 Flow-Rate 5

\ For Each Flow-Rate: 12 to 18 Seeds I

Figure 3.1 Connections between Models, Scenarios, FFSs, and Flow-Rate
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Outside Green
Bicycle Lane Time Cycle Segment
Model Scenario Flow-Rate Width Ratio Length Length
Scenario 1.1 0 bikes/h 12 ft 0.4 90 s 1320 ft
Model 1 | Scenario 1.2 50 bikes/h 12 ft 0.4 90 s 1320 ft
Scenario 1.3 50 bikes/h 15 ft 0.4 90 s 1320 ft
Model 2 | Scenario 2.1 25 bikes/h 12 ft 04 90 s 1320 ft
Model 3 Scenario 3.1 100 bikes/h 12 ft 0.4 90 s 1320 ft
Scenario 4.1 0 bikes/h 12 ft 0.2 90 s 1320 ft
Model 4 - )
Scenario 4.2 50 bikes/h 12 ft 0.2 90 s 1320 ft
Scenario 5.1 0 bikes/h 12 ft 04 120 s 1320 ft
Model 5 - )
Scenario 5.2 50 bikes/h 12 ft 0.4 120 s 1320 ft
Model 6 Scenario 6.1 50 bikes/h 12 ft 0.4 90 s 2640 ft

For each model, the author runs all the scenarios and speed conditions simultaneously.

This means each model has five roadway segments for each scenario (one for each speed

condition). The author does this by creating roadway segment sets; there is one roadway

segment set for each speed condition. An example of a roadway segment set is shown in

Figure 3.2. The number of roadway segments in each roadway segment set is dependent

on the number of scenarios. For example, model one has three scenarios and would have

three roadway segments in each set; model four has two scenarios and would only have

two roadway segments in each set. Each model has five roadway segment sets, one

roadway segment set for each FFS. Additionally, the author runs 12 to 18 seeds for each

volume; lower volumes use 12 seeds and higher volumes use 18 seeds. A limitation of

this approach is having different scenarios and automobile FFS combinations being ran

on different roadway segments in the model. This may result in minor differences;

running 12 to 18 seeds should account for these differences.
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Figure 3.2 Example of a Roadway Segment Set
(There are Five Sets in Each Model, One for Each FFS)

Microsimulation Model Coding
The author codes the six microsimulation models in VISSIM 5.10 (PTV 2008). This
section covers the coding of these models. The microsimulation parameters are
calibrated using model one. After model calibration, the author makes no changes to the
calibrated variables. The following variables are coded in VISSIM 5.10:

e Simulation parameters,

e Vehicle speed profiles,

e Vehicle characteristics,

e Driving behavior,

e Roadway segments,

e Signal control, and

e Travel time segments.

This thesis uses the VISSIM 5.10 default values unless otherwise indicated.
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Simulation Parameters

Simulation parameters control the simulation period, simulation resolution, simulation
seed, and number of cores. This thesis uses a simulation period of 3,900 simulation
seconds. This provided 300 seconds for network loading and 3,600 seconds for data
collection. Simulation resolution was set at five time steps per simulation second. This
means the simulation reevaluates vehicle position, and trajectory, every 0.2 simulation

seconds. All simulations began on random seed 40 using one core.

Vehicle Speed Profiles

VISSIM 5.10 assigns vehicle speed using desired speed distributions. Each automobile
speed distribution ranged from 5 mph less than the median desired speed to 5 mph
greater than the median desired speed. Five miles per hour is the recommended standard
deviation used to calculate number of observations needed in a spot speed study (Box
and Oppenlander 1976). The five automobile speed distributions are provided in Table

3.4. This thesis assumes median desired speed equals free-flow speed.

Bicycles do not have the same travel speed characteristics as automobiles. Most bicycle
free-flow speed observations are between 7.5 mph and 12.4 mph (Allen et. el. 1998).
For bicycles, the author assumes a minimum desired speed of 7.5 mph and a maximum

desired speed of 12.4 mph. This makes the median desired speed 9.95 mph.

Vehicle Characteristics

Vehicle characteristics are an input in VISSIM 5.10. For the models in this thesis, the
author makes changes to vehicle width. The VISSIM 5.10 base vehicle width for
automobiles is 4.9 ft; the AASHTO (2004) design vehicle width is 6.9 ft. The VISSIM
5.10 base vehicle width for bicycles is 1.6 ft; the AASHTO (1999) design vehicle width
is 2.5 ft. This thesis assumes automobile and bicycle widths of 6.9 ft and 2.5 ft,

respectively. The author does not simulate other vehicle types in the traffic stream.



26

Driving Behavior
As an unfunded effort, it is outside the scope of this thesis to calibrate driver lane-change
behavior, driver following behavior, and driver signal-control behavior. Observed data
is not available for calibration. This thesis assumes default values for these behaviors.
The author worked with a transportation engineer with bicycle experience, using
engineering judgment, to calibrate driver lateral behavior. Driver lateral behavior affects
how bicycles and automobiles interact when operating in the same traveled way. The
author defines three driver lateral behaviors, they are:

e Automobiles in all situations,

e Bicycles in lanes with a width of 15 ft, and

e Bicycle in lanes width a width of 12ft.

Automobile driver lateral behavior is set to allow them to pass bicycles without changing
lanes; they must maintain a lateral separation of 3 ft. This means automobiles may pass
bicycles without changing lanes if the lateral distance from their vehicle to the bicycle is
more than 3 ft. Three feet is the legal minimum in many states (Bisbee 2010). The
desired lateral position for all automobiles is middle of the lane. Automobiles may
change their lateral position when necessary. For example, they can move over to pass a

bicycle without changing lanes. The author does not calibrate this parameter further.

The bicycle desired lateral position is middle when they are in an outside lane whose
width is 12 ft. The League of American Bicyclists (2010) recommends this type of
riding in lanes with a width less than 14 ft. Bicycles may pass bicycles in the same lane
if they can do so without changing lanes. The author determines the lateral distance at

which bicycles can pass other bicycles in model calibration.

The bicycle desired lateral position is right when they are in an outside lane whose width
is 15 ft. Bicycles may pass other bicycles if they can do so without changing lanes.

Bicycles may pull to the right of automobiles stopped at signalized intersections when
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they are in an outside lane with a width of 15 ft. The author determines the lateral

distances at which bicycles can pull to the right of automobiles in model calibration.

Roadway Segments

Roadway segments are drawn using drafting software; the author imported the images
into VISSIM 5.10 and then scaled them. After scaling the images, the author creates
roadway segments and cross streets in VISSIM 5.10. Cross streets are for visual
reference and carry zero traffic volume during simulation. All roadway segments are
one-way two-lane roads. The left lane always has a width of 12 ft; the right lane has a
width of 12 ft or 15 ft (depending on the scenario). In all scenarios, bicycles are
restricted to the right lane. In each model, a grouping of three roadway segments
represents each speed condition; the author calls these groupings roadway segment sets.

An example of a roadway segment set is shown in Figure 3.2.

Signal Control

This thesis uses fixed time signal control. The base model has a cycle length of 90 s and
a green time ratio of 0.40. The stop bar for the downstream intersection is located 1320
ft or 2640 ft from the stop bar of the upstream intersection; the location of stop bars is
shown in Figure 3.2. The author calculates signal offset by dividing the roadway
segment length by the median desired speed; the author rounds these values to the

nearest whole second. The values entered are shown in Table 3.5.

Travel-Time Segments

This thesis collects travel-time data to evaluate automobile speed and automobile LOS.
The first travel-time segment recorder is 62 ft past the upstream intersection stop bar and
the second travel-time segment recorder is 62 ft past the downstream intersection stop
bar. Sixty-two (62) feet is the simulated intersection crossing distance; 38 ft and 86 ft
are not simulated in the microsimulation models (signalized intersection crossing

distance has minimal effect on automobile quality of service). The location of travel-
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time segment records matches the definition of a roadway segment found in the HCM;
travel time recorders on roadway segments are shown in Figure 3.2. Travel-time
segments record the time required for each vehicle to traverse the roadway segment.
Using the average travel time, the author calculates automobile average travel speed

(space mean speed).

Microsimulation Model Output

Automobile travel time, automobile volume, bicycle travel time, and bicycle volume are
output from VISSIM 5.10. This thesis runs 12 to 18 seeds beginning with seed 40, in
increments of 3, for each simulation scenario. The automobile volume simulated
determines the number of seeds used. If the automobile volume is near capacity for the
roadway segment 18 seeds are used, otherwise 12 seeds are used. The author uses 18
seeds to determine capacity for each model. Average travel time and average volume for
each model are provided in Appendix A. The author uses the microsimulation outputs to
estimate automobile LOS, automobile speed, and automobile delay. The author uses the
bicycle volume and travel time to error check the models; this thesis does not analyze

bicycle outputs.

Microsimulation Model Partial Calibration
This thesis follows the California Department of Transportation (Caltrans) guidelines for
applying microsimulation-modeling software. The Caltrans guidelines suggest a

calibration strategy consisting of (Dowling et. el. 2002):

1. Error checking the coded data,
Calibrating capacity related factors,

Calibrating demand related parameters, and

Sl

Minor adjustment of factors for realism of model.
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As an unfunded effort, it was outside the scope of this thesis to collect data and calibrate
models for capacity or demand. The author focuses on error checking and making minor
adjustments to account for realism. The author conducts six error checks prior to model
calibration, they are:
1. Review vehicle parameters,
Review link attributes,
Review intersection attributes,

2

3

4. Review demand inputs,

5. Run model at low volumes to identify errors,
6

Trace vehicles through the network.

After error checking the coded data, the author calibrates interactions between
automobiles and bicycles. A practicing transportation engineer assists in this effort by
observing simulation runs with the author. The practicing transportation engineer has
bicycle experience. With the practicing engineer’s guidance, the author adjusts the
following driver lateral behaviors:

e Automobiles passing bicycles in 12 ft lanes,

e Automobiles passing bicycles in 15 ft lanes, and

e Bicycles pulling to the right of automobiles at intersections.

The desired lateral position is middle when bicycles are in an outside lane having a
width of 12 ft. Bicycles may queue next to, and pass, other bicycles in this scenario. In
doing so, they must maintain the lateral separation for bicycles in outside lanes having a
width of 15 ft. Automobiles must change lanes to pass bicycles in this scenario. With
bicycles located in the center of the lane, it is not possible for automobiles to maintain a

lateral separation of 3 ft without changing lanes.

The desired lateral position is right when bicycles are in an outside lane having a width

of 15 ft. Bicycles may queue next to, and pass, other bicycles in this scenario. In doing
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so, they must maintain the calibrated separation. Automobiles in this scenario may pass
bicycles in the same lane if they can maintain the minimum separation, 3 ft. Using a
minimum separation of 3 ft, the author and professional engineer observe that most
automobiles are willing to pass bicycles in the same lane. This meets with the

professional engineers expectations.

The professional engineer expects most bicycles to pull next to automobiles at
intersections in lanes with a width of 15 ft. When bicycles have a minimum separation
of 3 ft, few bicycles pull to the right of automobiles at intersections. The author lowers
the bicycle minimum lateral separation value until most bicycles queue next to
automobiles. In VISSIM 5.10, most bicycles are willing to queue next to automobiles
when the minimum lateral separation is 1 ft at a travel speed of 0 mph and 2 ft at a travel
speed of 31 mph. Zero (0) mph and 31 mph are the inputs for driver lateral behavior in
VISSIM 5.10; this does not indicate bicycles are traveling at 31 mph. The professional
engineer feels bicyclists are willing to accept a 1 ft separation at 0 mph. The legal

minimum 3 ft applies to automobiles, values less than 3 ft are reasonable for bicycles.

Summary

To achieve the research objectives, the author conducts a sensitivity analysis of
automobile quality of service on shared roadways. The author then compares
automobile quality of service and bicycle quality of service. The author uses the
findings of the sensitivity analysis and comparison to provide guidance on shared
roadway implementation. This chapter documents the study design and microsimulation
models used to generate data for the automobile quality of service analysis. The

information in this chapter forms the basis for the results and findings of this thesis.

The author defines eight roadway design independent variables, base values, and
comparison values (Table 3.1); additionally, the author defines nine traffic flow

independent variables, base values, and comparison values (Table 3.2). Independent
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variable values correspond to values typical of minor arterials and collectors. Using the
indentified variable values, the author creates six microsimulation models. Each model
has one to three scenarios. The author runs each scenario with all 25 FFS and

automobile volume combinations and either 12 or 18 seeds.

The author codes the models in VISSIM 5.10. The author documents changes made to
base VISSIM values and identifies the four VISSIM outputs; the outputs are automobile
travel time, automobile volume, bicycle travel time, and bicycle volume. The author is
only able to partial calibrate the microsimulation models. The author is unable to
calibrate the models to capacity and demand related factors. The author focuses on error
checking and making minor adjustments to create realism. The author makes changes to
vehicle lateral behavior with the assistance of a professional engineer with bicycle

experience.
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CHAPTER IV
AUTOMOBILE QUALITY OF SERVICE ANALYSIS

The first research objective is to determine the impact of shared roadways on automobile
quality of service. If shared roadways influence automobile operations in a negative
manner, decision makers should consider automobile quality of service when evaluating
the implementation of shared roadways. In this chapter, the author documents the
procedures used to analyze automobile quality of service on shared roadways. This
chapter contains automobile LOS threshold analysis procedures, the automobile LOS

threshold analysis, the automobile average travel speed analysis, and summary.

Automobile LOS Threshold Analysis Procedures

To conduct the automobile quality of service analysis, the author uses VISSIM 5.10
outputs to evaluate two MOEs. The first MOE is automobile average travel speed; in
this thesis, automobile average travel speed is a space mean speed. This means this
thesis includes signalized intersection delay in the calculation of average travel speed;
therefore, average travel speed will be less than FFS at low automobile volumes. The
second MOE is automobile LOS threshold. The author recognizes the correlation
between automobile average travel speed and automobile LOS threshold; however, to

develop shared roadway implementation guidance, the author needs to investigate both.

The first step in the analysis is to convert each automobile average travel time to
automobile average travel speed (the segment length divided by the average travel time
in miles per hour); then the author converts each automobile average travel speed to
automobile percent FFS (the average travel speed divided by the FFS). Additionally, the
author converts each automobile volume output to automobile volume to capacity ratio
(automobile volume divided by automobile capacity); automobile capacity for each

model by automobile FFS are shown in Table 4.1.
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Model 1, 2, & 3 Model 4 (green time ratio = 0.2)
Standard Standard
FES (mph) Capacity (veh/h) Deviation Capacity (veh/h) Deviation
(veh/h) (veh/h)
25 1617 53 890 7.3
30 1712 6.6 937 59
35 1758 6.0 961 5.6
40 1788 3.5 965 5.6
45 1800 3.4 965 5.4
Model 5 (cycle length = 120 s) Model 6 (segment length = 2640 ft)
Standard Standard
FES (mph) Capacity (veh/h) Deviation Capacity (veh/h) Deviation
(veh/h) (veh/h)
25 1406 5.1 1615 7.7
30 1490 6.8 1703 8.1
35 1537 5.1 1755 7.0
40 1566 4.4 1786 4.7
45 1581 4.6 1800 4.1

After converting VISSIM 5.10 outputs to automobile percent FFS and automobile

volume to capacity ratio, the author plots percent FFS (y-axis) versus automobile volume

to capacity ratio (x-axis). After plotting the data, the author fits regression equations to

the plotted data; the regression equations estimate automobile percent FFS as a function

of automobile volume to capacity ratio. The author produces regression equations for

each scenario and combination of automobile flow-rate (Table 3.5) and automobile FFS

(Table 3.4). An example plot, with fitted regression equations, is shown in Figure 4.1;

the data plotted in Figure 4.1 are outputs from model one (35 mph). All data plots and

regression equations are documented in Appendix B.



Readers will notice that percent FFS does not near 100 percent at low automobile

volume to capacity ratios; this is the result of using space mean speed to determine

automobile travel speed. Space mean speed includes delay caused by the downstream
intersection. Therefore, vehicles not clearing the downstream intersection under green
have a much lower average travel speed than those that do clear the intersection. This
methodology is consistent with HCM procedures; the HCM measures automobile travel

speed on urban street segments as the average travel time over the length of the segment.

The length of the segment is from the end of the upstream intersection through the

downstream intersection (the travel-time segment recorder locations in Figure 3.2).
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Figure 4.1 Example of Plotted Data and Fitted Regression Equations
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After developing regression equations, the author uses the regression equations to
determine automobile LOS thresholds. This thesis defines automobile LOS thresholds
as the maximum automobile flow rate for a given automobile LOS; however, the
regression equation units are automobile volume to capacity ratio. To obtain the
maximum automobile flow rate for a given LOS, the author solves the regression
equations for the maximum automobile volume to capacity ratio for a given LOS. To
convert the maximum automobile volume to capacity ratio to maximum automobile flow
rate, the author multiplies the maximum automobile volume to capacity ratio by the
applicable capacity. For example, the capacity value that applies to the automobile
volume to capacity ratios shown in Figure 4.1 is 1758 vehicles per hour, as shown in

Table 4.1.

To determine automobile LOS threshold from percent FFS, the author uses the
relationship between percent FFS and automobile LOS documented in NCHRP project
3-79. Each LOS has a lower and upper percent FFS boundary condition. The lower
percent FFS boundary corresponds to the automobile LOS threshold; therefore, the
author finds automobile LOS thresholds by solving the regression equations for the
lower percent FFS boundary. A graphical representation of solving for the LOS D
threshold is shown in Figure 4.2. The shaded region represents LOS C or D. The LOS
D minimum percent free flow speed is the bottom line of the shaded region. The “12 ft
Lane” equation in Figure 4.1 is the equation that corresponds to the regression line
shown in Figure 4.2. Using the equation in Figure 4.1, the calculated automobile
volume to capacity ratio is 0.801; this is approximately the value shown in Figure 4.2.
The automobile LOS threshold is 1408 vehicles per hour (0.801 times 1758 vehicles per

hour).
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Automobile LOS Threshold Analysis

This section documents a sensitivity analysis of the first MOE, automobile LOS

threshold. The sensitivity analysis looks at change in automobile LOS threshold

associated with change in independent variable values. The author documents

automobile LOS threshold changes in five independent variables; the variables

investigated are outside lane width, segment length, bicycle volume, cycle length, and
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green time ratio. The results of this section serve two purposes. One, they help answer

the question asked by the first objective (what is the impact of shared roadways on

automobiles). Two, the author compares the results to bicycle LOS thresholds in

Chapter V.
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To compare each variable, the author compares the scenarios in Table 3.7. For each
variable, the author provides a graphical representation of the automobile LOS threshold.
Additionally, the author determines if the difference is the result of differences in
capacity. This means the author determines if changing the variable also changes the
capacity; and therefore, the difference in threshold value is not the result of bicycle
presence. For example, changing the green time ratio from 0.4 to 0.2 reduces the
capacity of the roadway segment. In these cases, the author adds the capacity difference
to the appropriate condition. For example, in the case of a change in green time ratio,
the author adds the capacity difference to the 0.2 automobile LOS thresholds. The
results indicate if there is a difference in the relationship between automobile and
bicycles or if the difference in automobile LOS threshold is the result of a change in

capacity independent of bicycle presence.

Outside Lane Width

The author first investigates differences associated with outside lane width. The outside
lane widths investigated are 12 ft (Scenario 1.2) and 15 ft (Scenario 1.3). Automobiles
must change lanes to pass bicycles in 12 ft outside lanes; in 15 ft lanes, automobiles may
not have to change lanes to pass bicycles. The results reflect the difference in
automobile ability to pass. As shown in Figure 4.3, the automobile LOS D threshold for
15 ft lanes is greater than the automobile LOS D threshold for 12 ft lanes. This means

15 ft outside lanes have less of an impact on automobile operations than 12 ft lanes.
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Figure 4.3 Outside Lane Width, Automobile LOS D Thresholds

Segment Length

Segment length is the next independent variable investigated; the segment lengths
investigated are 1320 ft (Scenario 1.2) and 2640 ft (Scenario 6.1). The results indicate
the automobile LOS D threshold is greater for a longer roadway segment, shown in
Figure 4.4. The concept of startup loss time helps explain the differences. Startup loss
time is the time it takes vehicles to accelerate to their desired travel speed from the
stopped condition. When the segment length is shorter, startup loss time would
constitute a greater portion of the average travel time; therefore, average travel speeds
are lower on shorter roadway segments. The author concludes that that segment length
does not change the interaction between bicycles and automobiles because average travel

speeds are naturally lower on roadway segments with shorter lengths. Therefore, level
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of service thresholds are lower on shorter roadway segments and the difference in Figure
4.4 are likely differences in average travel speed associated with different segment

lengths.
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Figure 4.4 Segment Length, Automobile LOS D Thresholds

Bicycle Flow-Rate

The impact of three bicycle flow-rates are investigated; they are 25 bikes/h (Scenario
2.1), 50 bikes/h (Scenario 1.2), and 100 bikes/h (Scenario 3.1). The resulting automobile
LOS D Thresholds are shown in Figure 4.5. The results show that bicycle flow-rate does

affect automobile operations; the automobile LOS D threshold decreases as bicycle
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volume increases. These results suggest bicycle flow-rate affects automobile operations,

on shared roadways.
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Figure 4.5 Bicycle Flow-Rate, Automobile LOS D Thresholds

Cycle Length

The author compares the impact of two cycle lengths; they are 90 s (Scenario 1.2) and

120 s (Scenario 5.2). The resulting automobile LOS D thresholds are shown in Figure

4.6. The results show a 120 s cycle has a lower level of service D threshold than a 90 s
cycle; however, a 120 s cycle has a lower capacity than a 90 s cycle. The difference in

capacity between a 120 s cycle and a 90 s cycle is approximately the difference in the



automobile LOS D thresholds; capacities for each model are shown in Table 4.1.

Therefore, the author concludes bicycle presence is not causing the difference in

thresholds between Scenario 1.2 and Scenario 5.2.
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Figure 4.6 Cycle Length, Automobile LOS D Thresholds

Green Time Ratio

The author compares the impacts of two green time ratios; they are 0.4 (Scenario 1.2)
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and 0.2 (Scenario 4.2). The resulting automobile LOS D thresholds are shown in Figure

4.7. The results show a 0.2 green time ratio has a lower automobile LOS D threshold
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than a 0.4 green time ratio; however, a 0.2 green time ratio has a lower capacity than a
0.4 green time ratio. The difference between Scenario 1.2 and Scenario 4.2
approximately the capacity difference; capacities for each model are shown in Table 4.1.
Therefore, the author concludes bicycle presence is not causing the difference in

thresholds between Scenario 1.2 and Scenario 4.2.
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Figure 4.7 Green Time Ratio, Automobile LOS D Thresholds
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Automobile Average Travel Speed Analysis

This section documents a sensitivity analysis of the second MOE, automobile average
travel speed. The sensitivity analysis looks at the change in automobile average travel
speed associated with a change in the independent variable. The results of the
automobile LOS threshold analysis (in the previous section) indicate three independent
variables do not affect the bicycle influence automobile operations, on shared roadways
(segment length, cycle length, and green time ratio). The other two variables analyzed
(outside lane width and bicycle flow-rate) do affect bicycle influence on automobile

operations.

For outside lane width and bicycle volume, the author quantifies variable influence on
automobile average travel speed. To accomplish this, the author uses the regression
equations developed from microsimulation data. Using the regression equations, the
author calculates percent FFS for five volume to capacity ratios (0.5, 0.6, 0.7, 0.8, and
0.9); the author then converts FFS to average travel speed (FFS times percent FFS). The
models corresponding to the two variables investigated are model one, model two, and
model three; the author calculates average travel speeds for all five scenarios using the
regression equations in Appendix B. The calculated values are shown in Table 4.2. For

visual comparison, the author graphs the bolded values for each scenario.



Table 4.2 Automobile Average Speeds, Values Given in Miles per Hour

. Volume to Capacity Ratio
Seenario 1.1\ FFS 0.5 0.6 0.7 0.8 0.9
25 mph 217 20.8 19.7 18.3 16.6
0 bikeo/h 30 mph 26.6 26.1 25.3 245 234
1ReS 35 mph 315 31.1 305 29.9 29.2
12 ft lane
40 mph 36.3 36.0 35.7 35.4 352
45 mph 41.4 412 41.0 40.8 40.7
. Volume to Capacity Ratio
Scenario 1.2\ FFS 0.5 0.6 0.7 0.8 0.9
25 mph 19.1 17.4 15.4 13.1 10.4
O bikesh | 30mPh 232 21.0 18.3 15.2 11.6
S0 bikes/h, S oh 26.8 24.0 20.7 16.8 12.3
12 ft lane
40 mph 29.7 26.4 22.4 17.9 12.7
45 mph 32.6 28.7 24.1 18.8 12.8
: Volume to Capacity Ratio
Scenario 1.3 | FES 0.5 0.6 0.7 0.8 0.9
25 mph 18.3 16.4 14.3 11.7 8.9
S0 bikeo, |20mph 21.4 19.0 16.1 12.9 9.2
KOS 35 mph 23.7 20.8 17.6 14.0 10.1
15 ft lane
40 mph 25.7 22.1 18.2 13.8 9.1
45 mph 273 23.0 18.4 13.4 8.1
. Volume to Capacity Ratio
Scenario2.1 | FES 0.5 0.6 0.7 0.8 0.9
25 mph 19.5 17.9 16.0 13.6 10.8
o bikeh | 30mDh 235 21.4 18.9 16.0 12.5
KOS 35 mph 26.5 24.0 20.9 17.4 13.4
12 ft lane
40 mph 29.1 26.1 22.6 18.7 14.3
45 mph 31.2 27.6 23.6 19.1 14.2
. Volume to Capacity Ratio
Scenario 3.1 | FES 0.5 0.6 0.7 0.8 0.9
25 mph 16.8 14.8 12.4 9.7 6.6
100 bikegh |20 mDh 19.8 16.9 135 9.7 53
ikes/h,
12 £ o 35 mph 21.4 17.9 13.9 9.4 4.4
40 mph 22.7 18.3 135 8.2 2.4
45 mph 232 18.4 133 7.9 2.2

Bold values are shown in Figure 4.8, Figure 4.9, Figure 4.10 and Figure 4.11



Outside Lane Width

Figure 4.8 and Figure 4.9 provide a visual comparison of outside lane width by

automobile FFS. A trend is shown in the bar charts; as volume to capacity ratio and

automobile FFS increase, automobile average travel speed decreases. These results

agree with the ODOT implementation guidance (shared roadways become less

acceptable as automobile speed and automobile volume increase) (ODOT 2009).

Additionally, automobile average travel speed is lower for 12 ft lanes than it is for 15 ft
lanes. These results indicate outside lane width influences automobile operations on

shared roadways.
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Figure 4.8 Outside Lane Width Affect by Automobile FFS
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Figure 4.9 Outside Lane Width Affect by Automobile Volume to Capacity Ratio
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Bicycle Flow-Rate

Figure 4.10 and Figure 4.11provides a visual comparison how of bicycle flow-rate
affects automobile operations. A trend is shown in the bar charts; as volume to capacity
ratio and automobile FFS increase, automobile average travel speed decreases.
Additionally, automobile average travel speed decreases as bicycle volume increases; the
difference become more pronounced at higher automobile FFSs and automobile volume
to capacity ratios. These results indicate greater bicycle flow-rates negatively influence

automobile operations on shared roadways.
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Figure 4.10 Bicycle Flow-Rate Affect by Automobile FFS
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Summary

In this chapter, the author answers the question, “Do shared roadways impact automobile
operations?” The analysis indicates higher bicycle flow-rates and narrower lanes
negatively affect automobile operations on shared roadways. Outside lanes with a width
of 12 ft have more of a negative impact than outside lanes with a width of 15 ft. The
negative effect of shared roadways increases as bicycle flow-rate increases; this means

as bicycle volume increases, automobile quality of service decreases.

The results of the automobile LOS threshold analysis were confirmed and quantified in
the automobile average travel time analysis. Additionally, the automobile average travel
time analysis shows a decrease in automobile quality of service as automobile volume to
capacity ratio and automobile FFS increase. The results agree with the ODOT
implementation guidance (shared roadways become less acceptable as automobile

volume and automobile speed increases) (ODOT 2009).

The analysis found that cycle length and green time ratio change the capacity of the
roadway. The change in capacity is approximately the difference in automobile LOS
threshold. This indicates these variables do not increase nor decrease the influence of
bicycles on automobile operations. Additionally, the author concludes that differences
in automobile LOS D thresholds corresponding to changes in segment length are the
result of startup loss time. This means the author does not evaluate segment length

further.
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CHAPTER V
AUTOMOBILE AND BICYCLE
QUALITY OF SERVICE COMPARISON

The second research objective is to compare automobile quality of service to bicycle
quality of service on shared roadways. The author does this by comparing automobile
LOS thresholds to bicycle LOS thresholds. If automobile LOS thresholds are less than
bicycle LOS thresholds, decision makers should consider automobile quality of service
when considering shared roadway implementation. This chapter contains analysis

procedures, LOS threshold comparison, and summary.

Analysis Procedures

To compare automobile quality of service on shared roadways to bicycle quality of
service on shared roadways, uses the findings from the automobile LOS threshold
analysis and compares them to bicycle LOS thresholds. Bicycle LOS thresholds are
generated using equations in NCHRP 616. The author manipulates equations in NCHRP
616 to generate bicycle LOS thresholds instead of predicting bicycle LOS.

After generating bicycle LOS thresholds, the author compares automobile LOS D
thresholds to bicycle LOS D thresholds. The mode with a lower LOS D threshold
governs facility selection. If each mode has one set of independent variable values in
which it governs facility selection, decision makers should consider both modes when
considering shared roadway implementation; otherwise, they should consider the mode

that always governs.

Automobile and Bicycle LOS Threshold Comparison
This section documents the comparison of automobile LOS thresholds to bicycle LOS
thresholds. For each variable, the author provides a graphical representation of bicycle

LOS D thresholds and automobile LOS D thresholds. In this analysis, the author
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investigates variables included in this thesis because they predict bicycle LOS according
to NCHRP Report 616; additionally, the variable must have comparison values shown in
Table 3.1 or Table 3.3. The automobile LOS D threshold is model number one, 50
bikes/h, and 12 ft lane scenario; additionally, the author shows automobile LOS D
thresholds for variables simulated in VISSIM 5.10.

Outside Lane Width

The author first compares automobile LOS D thresholds and bicycle LOS D thresholds
corresponding to different outside lane widths. The author compares LOS D thresholds
for outside lane widths of 12 ft and 15 ft. The results are shown in Figure 5.1. The
results show that bicycle LOS D thresholds for 15 ft outside lane widths are greater than
bicycle LOS D thresholds for 12 ft outside lane widths. Additionally, the results
automobile LOS D thresholds are less than bicycle LOS D thresholds. This means
decision makers should consider automobile quality of service when evaluating shared

roadways.
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Figure 5.1 Outside Lane Width Threshold Comparison

Unsignalized Access Points per Mile

Unsignalized access points per mile are the next independent variable investigated; the
author investigates three unsignalized access rates. The unsignalized access points per
mile rates are zero access points per mile, maximum access points per mile, and zero
access points per mile; rates by FFS are shown in Table 3.2. The results of the

comparison are shown in Figure 5.2. The results show that bicycle LOS D is less than
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automobile LOS D for lower speeds and higher access rates; this indicates that decision



makers should consider bicycle and automobile quality of service when considering

shared roadway implementation.
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Figure 5.2 Unsignalized Access Points per Mile Threshold Comparison

Signalized Intersection Crossing Distance

53

The author investigates three signalized intersection crossing distances; they are 38 ft, 62

ft, and 86 ft. The results are shown in Figure 5.3. For the signalized intersection

crossing distances considered, the results show automobile LOS D thresholds are less
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than bicycle LOS D threshold; however, at greater crossing distances, the bicycle LOS D
threshold gets closer to the automobile LOS D threshold. This indicates bicycle LOS D
thresholds may be lower than automobile LOS D thresholds at higher crossing distances;
this indicates decision makers should consider automobile and bicycle quality of service

when considering shared roadway implementation.
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Figure 5.3 Signalized Intersection Crossing Distance Threshold Comparison

Percentage of Roadway Segment with Occupied on Street Parking
Three percentage of roadway segment with occupied on street parking are considered;
they are 0 percent, 5 percent, and 10 percent. The results are shown in Figure 5.4. The

results show that automobile LOS D thresholds are less than bicycle LOS D thresholds.
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This indicates decision makers should consider automobile quality of service when

considering shared roadway implementation.

—Bicycle LOS D - 0 % Parking Auto LOS D - Scenario 1.2 (0 %)
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Figure 5.4 Percentage of Roadway Segment with Occupied on Street Parking
Threshold Comparison

FHWA Five-Point Pavement Surface Condition Rating

This thesis investigates three FHWA five-point pavement surface condition ratings; they
are pavement condition rating two, three, and four. The results are shown in Figure 5.5.
For the investigated pavement condition ratings, the results show that automobile LOS D
thresholds are less than bicycle LOS D thresholds; however, lower pavement condition

ratings may have bicycle LOS D thresholds less than automobile LOS D thresholds.
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This indicates decision makers should consider automobile and bicycle quality of service

when considering shared roadway implementation.
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Figure 5.5 FHWA Five-Point Pavement Surface Condition Rating

Threshold Comparison

Heavy Vehicle Percent

This thesis investigates three heavy vehicle percents; they are zero percent, five percent,

and ten percent. The results are shown in Figure 5.6. The results show that at higher

heavy vehicle percents, and automobile FFSs, bicycle LOS D thresholds are less than

automobile LOS D thresholds. This indicates decision makers should consider



automobile and bicycle quality of service when considering shared roadway

implementation.
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Summary

This chapter compared automobile and bicycle quality of service to determine which
mode should be included in a consideration of shared roadway implementation. The

results show that automobile LOS D thresholds are more frequently less than bicycle

Figure 5.6 Heavy Vehicle Percent Threshold Comparison
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LOS D thresholds. This indicates automobile quality of service should be included in a

consideration of shared roadways. The results also indicate the importance of bicycle

quality of service in a consideration of shared roadway implementation. The three
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variables that lower bicycle LOS D thresholds below automobile LOS D thresholds are
unsignalized access points per mile, signalized intersection crossing distance, and heavy
vehicle percent; the author uses these results to provide guidance on shared roadway

implementation.
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CHAPTER VI
SHARED ROADWAY IMPLEMENTATION GUIDELINES

The third research objective is to provide guidance on the implementation of shared
roadways. Using results of the automobile quality of service impact analysis and LOS
threshold comparison, the author develops guidance on the implementation of shared
roadways. The author provides guidance on the implementation of two shared roadway
designs. The first shared roadway design is 12 ft outside lane widths; the second shared
roadway design is 15 ft outside lane widths. The basis for the guidance is automobile
operations; therefore, this guidance does not consider safety. This chapter contains the
methodology for developing shared roadway guidance, shared roadway implementation
guidance on 12 ft outside lane width facilities, shared roadway implementation guidance

on 15 ft outside lane width facilities, bicycle considerations, and summary.

Note: The author did not calibrate the microsimulation model to observed data; for
this reason, use caution in precise application. Better delay estimates are possible

through a data collection effort and proper model calibration.

Methodology for Developing Shared Roadway Guidance

To develop guidance on the implementation of shared roadways, the author uses results
from the automobile LOS threshold analysis and average travel speed investigation. The
author assumes decision makers should not implement shared roadways if the
automobile LOS on the facility is less than LOS D (a criteria used by AASHTO for the
inclusion of climbing lanes). Given LOS D is the decision point; shared roadways are
acceptable on facilities with a volume and speed combination that yield an automobile
LOS A, LOS B, or LOS C (determined by the LOS C threshold). Additionally, shared
roadways are not acceptable on facilities with a volume and speed combination that
yields an automobile LOS F (determined by the LOS E threshold). If the volume and
speed combination is between LOS C and LOS F (between the automobile LOS C and
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LOS E threshold), the author recommends conducting further analysis to confirm the
facility will operate at LOS D or better. Therefore, the first step in the development of
guidance on shared roadway implementation is to determine automobile LOS C and
LOS E thresholds. The author provides automobile LOS thresholds for shared roadways
having 12 ft (Scenario 1.2) and 15 ft (Scenario 1.3) outside lane widths. The author
bases the guidance on a bicycle flow-rate of 50 bicycles per hour; this flow rate may be
high in some jurisdictions. After determining automobile LOS thresholds, the author
converts the threshold to volume to capacity ratio. The author then graphs the LOS
thresholds, as volume to capacity ratio, on the x-axis and speed limit on the y-axis; this

thesis assumes FFS is equal to the speed limit.

Further analysis uses the automobile average travel speed analysis to estimate percent
FFS on the facility. Given the results of the average travel speed analysis, the author
only uses bicycle volume to adjust percent FFS. If the percent FFS is less than 40
percent (the lower bounds of LOS D), the author recommends not implementing shared
roadways. If the value is close to 40 percent, the author provides bicycle quality of
service considerations. The bicycle considerations provide engineers with a basis for

making engineering judgment decisions.

Shared Roadway Implementation Guidance, 12 ft Outside Lane Widths

General guidance on the implementation of shared roadways with outside lane widths of
12 ft (scenario 1.2) is shown in Figure 6.1. The guidance provides three
recommendations; they are shared roadways are acceptable, do not use shared roadways,
and conduct further analysis. The guidance shows that at higher volume to capacity
ratios, and greater speed limits, shared roadways are less acceptable. Volume to
capacity ratio is the observed hourly automobile volume divided by the roadway
segment capacity. Capacity for the roadway segment is the saturation flow rate (shown
in Table 6.1) times the upstream-signalized intersection green time; then divided by the

upstream cycle length. For example, if the FFS is 40 mph, the green time ratio is 0.4, the



capacity is 1788 veh/h, and the volume is 1252; the calculated volume to capacity ratio

is 0.7 and the guidance is to conduct further analysis.
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Figure 6.1 Shared Roadway Implementation Guidance on
Roadways with 12 ft Outside Lane Width

Table 6.1 Saturation Flow Rates

Saturation Flow
D Rate
25 mph 4043 veh/h
30 mph 4280 veh/h
35 mph 4395 veh/h
40 mph 4470 veh/h
45 mph 4500 veh/h
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To conduct further analysis, the author recommends estimating the percent FFS for the
facility. The author recommends not using shared roadways if automobile LOS is less
than LOS D (40 percent FFS or less). The first step in the process is to round the
calculated automobile volume to capacity ratio to the nearest tenth. Using Table 6.2,
determine the base percent FFS; the percent FFS is 0.45 for a 40 mph speed limit and 0.7
volume to capacity ratio. After determining the base percent FFS, adjust the average
travel speed by the factors in Table 6.3. The factors account for differences in average
travel speed caused by differences in bicycle volume. For example, if the bicycle
volume is not 50 bikes/h but 100 bikes per hour; the adjustment factor is 0.74. If we
multiply 0.45 by 0.74, we get a percent FFS of 0.33; because LOS D is a percent FFS
greater than 0.40, a shared roadway facility is unacceptable under an automobile volume
of 1252 veh/h and speed limit of 40 mph. However, if the estimated FFS is close to
0.40, the author recommends considering bicycle quality of service before implementing

shared roadways.

Table 6.2 Shared Roadways Percent Free-Flow Speed,
12 ft Outside Lane Width

Scenario Speed Volume to Capacity Ratio
Limit 0.5 0.6 0.7 0.8 0.9
25 mph 0.73 0.66 0.57 0.47 0.35
0 bikeg |30 mph 0.71 0.63 0.54 0.43 0.31
S0 bikes/h, - oS oh 0.68 0.59 0.50 0.40 0.29
12 ft lane
40 mph 0.64 0.55 0.45 0.35 0.23
45 mph 0.61 0.51 0.41 0.30 0.18
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Table 6.3 Bicycle Volume Adjustment Factors

Scenario SPee.d Volume to Capacity Ratio
Limit 0.5 0.6 0.7 0.8 0.9
25 mph 1.07 1.09 1.12 1.16 1.23
, 30 mph 1.10 1.13 1.17 1.24 1.36
Zfzbfltkgsrig’ 35 mph 1.12 1.15 1.19 1.24 1.32
40 mph 1.13 1.18 1.24 1.35 1.57
45 mph 1.14 1.20 1.28 1.42 1.75
Scenario SPee.d Volume to Capacity Ratio
Limit 0.5 0.6 0.7 0.8 0.9
25 mph 0.92 0.90 0.87 0.82 0.75
, 30 mph 0.92 0.89 0.84 0.75 0.58
1?3 tlitﬂf;i b 735 mph 0.91 0.86 0.79 0.67 0.43
40 mph 0.88 0.83 0.74 0.59 0.26
45 mph 0.85 0.80 0.72 0.59 0.27

Shared Roadway Implementation Guidance, 15 ft Outside Lane Width

General guidance on the implementation of shared roadways with outside lane widths of
15 ft is shown in Figure 6.2. The guidance provides the same three recommendations as
the 12 ft outside lane width guidance. Use the values in Table 6.1 to calculate volume to
capacity ratio. If further analysis is necessary, use table 6.4 to select a percent FFS. If
bicycle volume adjustment is necessary, use the values in table 6.3. For the example
scenario stated in the 12 ft outside lane section, (1252 veh/h. 40 mph FFS, and 0.4 green
time divided by cycle length) 15 ft outside lane width shared roadways are ok. If percent
FFS is near 40 percent, the author recommends considering bicycle quality of service

before implementing shared roadways.
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Figure 6.2 Shared Roadway Implementation Guidance on
Roadways with 15 ft Outside Lane Width
Table 6.4 Shared Roadways Percent Free-Flow Speed,
15 ft Outside Lane Width
. Speed Volume to Capacity Ratio
Scenario Limit 0.5 0.6 0.7 0.8 0.9
25 mph 0.77 0.70 0.62 0.52 0.41
0 bikes/h 30 mph 0.77 0.70 0.61 0.51 0.39
S0 bikes/h, S oh 0.77 0.69 0.59 0.48 0.35
15 ft lane
40 mph 0.74 0.66 0.56 0.45 0.32
45 mph 0.72 0.64 0.53 0.42 0.29
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Shared Roadway Implementation Bicycle Considerations

When considering automobile quality of service does not provide a clear
recommendation, the author recommends considering bicycle quality of service. One
option for considering bicycle quality of service is to calculate bicycle LOS on the
facility using the model in NCHRP Report 616; this is a data intensive process. For
quicker analysis, the author recommends looking at the consideration in Table 6.5. The
three variables in Table 6.5 are those that lowered bicycle LOS D thresholds below
Automobile LOS D thresholds.

Table 6.5 Shared Roadway Implementation Bicycle Considerations
Variable Lower Value Higher Value

Unsignalized Access Points per Mile | More Acceptable | Less Acceptable
Signalized Intersection Crossing Distance | More Acceptable | Less Acceptable
Heavy Vehicle Percent | More Acceptable | Less Acceptable

Summary

In this chapter, the author provides guidance on the implementation of shared roadways.
The author proposes that decision makers should not implement shared roadways when
automobile LOS is less than LOS D. When the FFS and volume to capacity ratio
combination is close to the LOS D threshold, the author provides an estimation of
percent FFS. If the estimated percent FFS is less than 40 percent (LOS D threshold), the
author recommends not implementing shared roadways. If the value is close to 40
percent, the author recommends considering bicycle quality of service. For rough
estimates using engineering judgment, the author recommends looking at the three
variables that cause bicycle LOS D thresholds to go below automobile LOS D
thresholds. If data are available, the author recommends using the bicycle LOS model in

NCHRP Report 616 to estimate bicycle LOS.
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CHAPTER VII
CONCLUSIONS & RECOMMENDATIONS

This thesis has three objectives. The first objective is to evaluate the impact of shared
roadways on automobile quality of service. The second objective is to compare
automobile quality of service to bicycle quality of service. The third objective is to
provide recommendations on the implementation of shared roadways. The author
accomplishes the first objective in Chapter IV, the second objective in Chapter V, and
third objective in Chapter VI. This chapter documents the author’s conclusions and

recommendations.

Automobile Quality of Service Analysis

The automobile quality of service analysis finds that bicycle volume and outside lane
width are primary factors in the evaluation automobile quality of service on shared
roadways. The negative effects of shared roadways increase as bicycle volume
increases; additionally, the negative effect of shared roadways is greater on shared
roadways with 12 ft outside lane widths than 15 ft outside lane widths. The analysis
found that cycle length and green time ratio change the capacity of the roadway; the

author found no additional effect because of bicycles in the traveled way.

Automobile and Bicycle Quality of Service Comparison

The automobile and bicycle quality of service comparison finds that unsignalized access
points per mile, signalized intersection crossing distance, and heavy vehicle percent are
variables that have the greatest impact on bicycle quality of service. These three
variables are the ones that drop bicycle LOS D thresholds below automobile LOS D
thresholds. In most scenarios, bicycle LOS D thresholds are greater than automobile
LOS D thresholds; this means decision makers should consider automobile quality of

service when considering shared roadway implementation.
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Shared Roadway Implementation Guidance

The author provides guidance on the implementation of shared roadways for facilities
with outside lane widths of 12 ft and 15 ft. The 12 ft outside lane facility guidance is
shown in Figure 6.1; the 15 ft outside lane facility guidance is shown in Figure 6.2. The
guidance shows that as automobile FFS, and volume to capacity ratio increase, shared
roadways become less acceptable. When the FFS and volume to capacity ratio
combination is between LOS C and LOS E the author recommends further analysis. The
author provides an estimation of percent FFS and bicycle quality of service shared

roadway considerations.

Limitations
The results and findings of this thesis have the following limitations:

¢ Guidance are based upon operations and does not consider facility safety,

e Only one bicycle speed distribution was considered,

e The guidance assumes a bicycle flow rate of 50 bicycles per hour which may be
higher than some jurisdictions will experience,

e Microsimulation models were not calibrated to observed data,

e Each speed condition was ran on a different roadway segment in VISSIM 5.10
(this may create minor differences between each scenario, 12 and 18 seeds were
run to limit the impact),

e The results only apply to four-lane divided shared roadways with free-flow
speeds of 25, 30, 35, 40, and 45 mph,

e The bicycle LOS model used may not be the one included in the 2010 edition of
the HCM, and

e The automobile LOS method may not be the one included in the 2010 edition of
the HCM.



Future Work

Given the limitations of this thesis, the author recommends data collection efforts to

quantify the impact of bicycles in the traveled way. If future efforts seek to calibrate

microsimulation models to observed data, the author provides the following insights:

Observe speed distributions for each FFS,

Observe speed distributions for bicycles taking into consideration roadway
geometry (such as grade),

The driver following and passing models may not properly model automobile
driver behavior behind bicycles (the models were developed for automobile
behind automobile), and

Observe lateral interactions between automobiles and bicycles; specifically,

obtain speed and lateral clearance values for input in VISSIM.
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Table A.1 Summary of VISSIM Output: Model 1, 12 ft Lane

Automobile Bicycle
el 1, IS Zero Bicycles With Bicycles, 12 ft Outside Lane 12 ft Outside Lane
Speed Input Average Star?da_\rd Average Stapard Average Star_]d'fxrd Average Stapard Average Star_ldi_ird Average Stapard
Conditon Volume Seeds Travel Deviation | Volume | Deviaton Travel Deviation | Volume | Deviaton '!'ravel Deviation | Volume | Deviaton
(vehrh) Time (s) (s) (vehrh) (veh/h) | Time (s) (s) (veh/h) (veh/h) | Time (s) (s) (vehth) (vehrh)
300 12 39.9 0.8 303 4.6 41.5 0.8 304 5.2 118.4 1.7 51 3.7,
600 12 41.1 0.5 601 9.9 45.4 1.6 602 8.8 117.8 1.8 51 3.7,
25 mph 900 12 42.7 0.4 902 15.1 52.7 1.7 901 13.7 119.0 1.8 51 3.7,
1,200 18 46.2 0.5 1,203 15.8, 66.0 2.6 1,199 15.3 121.3 2.2 50 3.4
1,500 18 56.5 2.0 1,497 16.1 93.7 8.5 1,395 17.6 133.8 9.1 49 3.9
3,000 18 75.6 7.6 1,617 5.3
300 12 32.6 0.6 304 5.5] 34.1 0.8 303 6.5 113.6 1.1 50 3.1
600 12 33.4 0.4 602 10.4] 37.2 0.8 599 10.4 112.8 1.2 50 3.1
30 mph 900 12 34.0 0.3 906 15.3] 43.6 1.9 902 17.1 113.5 1.7 50 3.1
1,200 18 35.3 0.3 1,202 15.3] 55.2 2.0 1,198 17.0 115.8 2.0 49 3.5]
1,500 18 38.1 0.5 1,499 17.1 79.6 9.9 1,431 213 123.9 8.1 48 3.6
3,000 18 42.6 0.5 1,712 6.6
300 12 27.9 0.5 303 6.0 29.4 0.7 301 5.7 109.7 13 49 3.5
600 12 28.1 0.4 601 11.5 32.6 0.4 597 9.9 109.0 1.4 49 3.5
35 mph 900 12 28.7 0.3 902 14.9 39.0 1.6 897 17.0 110.1 1.9 49 3.5
1,200 18 29.2 0.2 1,198 14.2 48.6 22 1,192 16.1 112.1 2.2 49 3.4
1,500 18 30.5 0.4 1,496 17.2 70.7 9.5 1,451 21.8 117.8 9.1 48 3.7,
3,000 18 33.0 0.3 1,758 6.0
300 12 24.2 0.3 301 6.2 25.9 0.6 302 6.2 107.8 1.4 49 3.8
600 12 24.5 0.3 597 12.0] 29.2 1.1 598 10.8 107.1 15 49 3.8
40 mph 900 12 24.7 0.2 896 13.5] 35.6 13 892 14.5 108.1 1.7 49 3.8
1,200 18 25.0 0.2 1,194 13.2 45.0, 2.8 1,193 17.0 109.7 2.4 49 3.2]
1,500 18 25.6 0.3 1,493 17.1 70.6 11.3 1,451 26.5 119.2 9.9 48 3.3]
3,000 18 27.1 0.2 1,788 3.5
300 12 215 0.4 301 6.8 23.1 0.5 302 6.4 105.8 1.6 49 2.7,
600 12 21.6 0.2 597 9.6 26.8 0.7 599 9.2 105.2 1.8 49 2.7,
45 mph 900 12 21.7 0.2 896 15.2 33.8 1.4 899 14.5 106.5 2.2 49 2.7,
1,200 18 21.9 0.2 1,198 16.7 43.5 22 1,198 16.5 108.8 1.9 49 2.8
1,500 18 22.1 0.2 1,495 16.9 74.1 13.1 1,459 22.7 123.6 15.2 48 2.6
3,000 18 23.1 0.2 1,800 3.4
Table A.2 Summary of VISSIM Output: Model 1, 15 ft Lane
Automobile Bicycle
ik Zero Bicycles With Bicycles, 15 ft Outside Lane 15 ft Outside Lane
Speed Input Average Star}de}rd Average Stapard Average Star)dgrd Average Stapard Average Star)dlard Average Stapard
Conditon Volume | Seeds Travel Deviation | Volume | Deviaton Travel Deviation | Volume | Deviaton Travel Deviation | Volume | Deviaton
(vehth) Time (s) (s) (vehth) (veh/h) | Time (s) (s) (vehfh) (veh/h) | Time (s) (s) (vehth) (veh/h)
300 12 39.9 0.8 303 4.6 40.5 1.0 304 4.9 118.8 1.7 49 3.2]
600 12 41.1 0.5 601 9.9 43.3 0.9 602 9.6 118.7 14 49 3.2]
25 mph 900 12 42.7 0.4 902 15.1 49.5 1.0 905 15.0 118.9 15 49 3.2]
1,200 18 46.2 0.5 1,203 15.8] 62.4 2.1 1,200 16.5 119.4 1.1 49 3.1
1,500 18 56.5 2.0 1,497 16.1 86.5 4.8 1,451 14.9 119.4 14 49 3.1
3,000 18 75.6 7.6 1,617 5.3
300 12 32.6 0.6 304 5.5 33.1 0.5 302 6.2 114.3 0.9 49 3.4
600 12 33.4 0.4 602 10.4] 35.0, 0.7 598 11.3 114.2 1.0 49 3.4
30 mph 900 12 34.0 0.3 906 15.3] 39.3 0.7 897 17.4 114.4 1.0 49 3.4
1,200 18 35.3 0.3 1,202 15.3] 49.6 21 1,195 14.7 114.7 1.6 49 3.5]
1,500 18 38.1 0.5 1,499 17.1 68.8 5.1 1,473 21.6 114.7 1.2 49 3.5]
3,000 18 42.6 0.5 1,712 6.6
300 12 27.9 0.5 303 6.0 28.3 0.5 302 6.2 110.3 1.5 49 3.5
600 12 28.1 0.4 601 11.5] 29.6 0.5 598 9.7 110.3 1.7 49 3.5]
35 mph 900 12 28.7 0.3 902 14.9 33.6 13 896 12.3 110.6 15 49 3.5]
1,200 18 29.2 0.2 1,198 14.2 42.8 1.8 1,192 13.7 111.1 1.3 49 3.3
1,500 18 30.5 0.4 1,496 17.2 59.3 3.7 1,477 18.2 111.2 14 49 3.2
3,000 18 33.0 0.3 1,758 6.0
300 12 24.2 0.3 301 6.2 24.7 0.4 301 7.3 108.5 1.4 50 3.3
600 12 24.5 0.3 597 12.0 26.2 0.4 599 11.8 108.6 1.5 50 3.3
40 mph 900 12 24.7 0.2 896 13.5 30.5 1.2 897 15.1 108.8 14 50 3.3
1,200 18 25.0 0.2 1,194 13.2 38.3 1.6 1,195 14.8 108.5 2.0 49 3.0
1,500 18 25.6 0.3 1,493 17.1 54.4 3.6 1,480 20.9 109.1 1.8 49 3.0
3,000 18 27.1 0.2 1,788 3.5
300 12 21.5 0.4 301 6.8 22.1 0.4 300 6.0 106.4 1.8 49 2.6
600 12 21.6 0.2 597 9.6 23.6 0.5 597 9.9 106.4 1.8 49 2.6
45 mph 900 12 21.7 0.2 896 15.2 275 0.9 897 15.5 106.9 1.8 49 2.6
1,200 18 21.9 0.2 1,198 16.7 35.6 2.1 1,200 17.8 107.2 1.4 50 3.3
1,500 18 22.1 0.2 1,495 16.9 52.4 5.5 1,491 19.0 107.5 15 50 3.3
3,000 18 23.1 0.2 1,800 3.4




Table A.3 Summary of VISSIM Output: Model 2, 25 bikes/h

. Automobile Bicycle
WISt 2, BB ey Zero Bicycles With Bicycles, 12 ft Outside Lane 12 ft Outside Lane
s Input Average | Standard | Average | Stanard | Average | Standard | Average | Stanard | Average | Standard | Average | Stanard
peed L . L ) o .
Conditon Volume Seeds Travel Deviation | Volume | Deviaton Travel Deviation | Volume | Deviaton Travel Deviation | Volume | Deviaton
(veh/h) Time (s) (s) (veh/h) (veh/h) | Time (s) (s) (veh/h) (veh/h) | Time (s) (s) (veh/h) (veh/h)
300 12 39.9 0.8 303 4.6 40.9 0.85 304 5.29 119.3 1.3 26 1.8
600 12 41.1 0.5 601 9.9 43.7, 0.76 601 10.1 118.4 1.6 26 1.8
25 mph 900 12 42.7 0.4 902 15.1 48.5 0.93 899 18.1 119.0 2.1 25 2.4
1,200 18 46.2 0.5 1,203 15.8 58.2, 1.89 1,199 17.9 120.6 2.4 25 2.4
1,500 18 56.5 2.0 1,497 16.1 85.0 10.53 1,450 21.3 127.5 9.3] 25 2.3
3,000 18 75.6 7.6 1,617 5.3
300 12 32.6 0.6 304 5.5 33.4 0.63 303 6.47 114.1 1.3 25 2.7
600 12 33.4 0.4 602 10.4 35.5 0.55 598 11.1 112.9 1.5] 25 2.7
30 mph 900 12 34.0 0.3 906 15.3 39.4 1.04] 900 17.4 113.5 1.9] 24 2.7
1,200 18 35.3 0.3 1,202 15.3 47.1) 1.75] 1,199 18.0 115.2 2.2 24 2.7
1,500 18 38.1 0.5 1,499 17.1 66.1] 6.76 1,474 23.9 118.6 3.4 24 2.7
3,000 18 42.6 0.5 1,712 6.6
300 12 27.9 0.5 303 6.0 28.7] 0.56 301 5.66 109.9 1.3 24 2.7
600 12 28.1 0.4 601 11.5 30.6 0.68 598 10.4 109.2 1.5] 24 2.7
35 mph 900 12 28.7 0.3 902 14.9 34.4 0.99 896 17.1 109.6 1.8 23 2.8
1,200 18 29.2 0.2 1,198 14.2 41.4 1.88 1,193 16.4 111.4 2.1 23 2.8
1,500 18 30.5 0.4 1,496 17.2 57.5] 4.75 1,477 19.8 114.1 3.0] 23 2.7
3,000 18 33.0, 0.3 1,758 6.0
300 12 24.2 0.3 301 6.2 25.3] 0.55 302 6.05 107.3 1.7] 24 2.9
600 12 24.5 0.3 597 12.0 27.1 0.87 599 10.9 106.7 1.8 24 2.9
40 mph 900 12 24.7 0.2 896 13.5 31.3 0.99 897 14.4 107.9 2.1 24 2.5
1,200 18 25.0, 0.2 1,194 13.2 37.8 2.18 1,195 16.2 109.5 2.5] 24 2.5]
1,500 18 25.6 0.3 1,493 17.1 52.0] 4.41 1,481 22.7 111.9 3.1 24 2.5]
3,000 18 27.1 0.2 1,788 3.5
300 12 21.5 0.4 301 6.8 22.5] 0.36 302 6.36 106.0 1.9] 24 2.4
600 12 21.6 0.2 597 9.6 24.7] 0.64 599 9.1 105.4 1.9] 24 2.4
45 mph 900 12 21.7 0.2 896 15.2 29.2] 0.96 900 15.5 106.4 2.2 24 2.1
1,200 18 21.9 0.2 1,198 16.7 35.8, 2.23 1,199 16.7 108.3 2.4 24 2.1
1,500 18 22.1 0.2 1,495 16.9 50.8 4.59 1,486 23.2 111.2 3.6 24 2.1
3,000 18 23.1 0.2 1,800 3.4
Table A.4 Summary of VISSIM Output: Model 3, 100 bikes/h
" Automobile Bicycle
M), WY GEsfi Zero Bicycles With Bicycles, 12 ft Outside Lane 12 ft Outside Lane
s Input Average | Standard | Average | Stanard | Average | Standard | Average | Stanard | Average | Standard | Average | Stanard
peed L . o . o .
Conditon Volume Seeds Travel Deviation | Volume | Deviaton Travel Deviation | Volume | Deviaton Travel Deviation | Volume | Deviaton
(vehth) Time (s) (s) (vehfh) (veh/h) | Time (s) (s) (veh’/h) (veh/h) | Time (s) (s) (vehth) (vehth)
300 12 39.9 0.8 303 4.6 42.4 1.0 305 5.3 119.7 0.74 101 4.32
600 12 41.1 0.5 601 9.9 47.9 1.1 602 8.7 119.0 0.6] 101 4.3
25 mph 900 12 42.7 0.4 902 15.1 58.1 1.1 900 16.6 120.3 0.9] 100, 4.4
1,200 18 46.2 0.5 1,203 15.8 74.8] 3.6 1,195 17.5 124.2 1.9] 100, 4.3
1,500 18 56.5 2.0 1,497 16.1 102.8 12.3 1,312 12.9 144.3 15.1 98 5.2]
3,000 18 75.6 7.6 1,617 5.3
300 12 32.6 0.6 304 5.5 35.0, 1.2 304 7.0 113.9 0.61 101 4.34,
600 12 33.4 0.4 602 10.4 39.1 0.5 600 11.8 113.2 0.7] 101 4.3
30 mph 900 12 34.0 0.3 906 15.3 48.1 1.1 900 15.9 114.2 1.1 100, 4.2
1,200 18 35.3 0.3 1,202 15.3 62.8] 1.8 1,197 17.9 117.6 1.3 100, 4.1
1,500 18 38.1 0.5 1,499 17.1 94.0 13.9 1,339 17.3 138.0 15.5] 98 5.2]
3,000 18 42.6 0.5 1,712 6.6
300 12 27.9 0.5 303 6.0 30.3, 0.9 300 6.3 109.8 1.01] 100, 4.34,
600 12 28.1 0.4 601 11.5 34.8 0.8 597 10.9 109.4 0.9] 100, 4.3
35 mph 900 12 28.7 0.3 902 14.9 43.3 1.0] 896 16.6 110.4 1.0] 99 4.1
1,200 18 29.2 0.2 1,198 14.2 57.4 23 1,192 17.5 113.8 1.6 100, 3.9]
1,500 18 30.5 0.4 1,496 17.2 90.0 17.9 1,349 21.8 136.2 19.1] 97 4.7
3,000 18 33.0, 0.3 1,758 6.0
300 12 24.2 0.3 301 6.2 26.8] 0.8 301 6.4 107.9 0.88, 100, 4.03
600 12 24.5 0.3 597 12.0 31.6 13 598 10.5 107.3 0.8 100, 4.0
40 mph 900 12 24.7 0.2 896 13.5 40.7, 1.2 896 14.1 108.6 1.1 99 4.1
1,200 18 25.0, 0.2 1,194 13.2 55.5] 2.4 1,191 16.6 112.1 1.5] 99 4.1
1,500 18 25.6 0.3 1,493 17.1 91.9 13.3 1,349 20.1 138.1 13.5] 97 4.7
3,000 18 27.1 0.2 1,788 3.5
300 12 21.5 0.4 301 6.8 24.2] 0.5 301 7.1 106.6 0.79, 99 4.07,
600 12 21.6 0.2 597 9.6 29.7] 13 598 9.9 106.2 1.0] 99 4.1
45 mph 900 12 21.7 0.2 896 15.2 39.5 1.2 897 14.7 107.5 1.1 99 4.0
1,200 18 219 0.2 1,198 16.7 54.5] 2.9 1,193 18.6 111.0 1.8 99 4.0
1,500 18 22.1 0.2 1,495 16.9 94.1 9.0] 1,359 15.3 142.2 11.3] 97 4.9
3,000 18 23.1 0.2 1,800 3.4
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Table A.5 Summary of VISSIM Output: Model 4, Green Time Ratio

) " Automobile Bicycle
RIEEEE & IR D (RS Zero Bicycles With Bicycles, 12 ft Outside Lane 12 ft Outside Lane
s Input Average | Standard | Average | Stanard | Average | Standard | Average | Stanard | Average | Standard | Average | Stanard
peed L . L ) o .
Conditon Volume Seeds Travel Deviation | Volume | Deviaton Travel Deviation | Volume | Deviaton Travel Deviation | Volume | Deviaton
(veh/h) Time (s) (s) (veh/h) (veh/h) | Time (s) (s) (veh/h) (veh/h) | Time (s) (s) (veh/h) (veh/h)
300 12 41.8 1.0 303 5.5 47.8 1.8 304 4.6 123.3 0.9] 50, 3.7]
450 12 44.9 1.4 453 6.3 57.3 2.2 453 5.8 124.2 0.7] 50, 3.7]
25 mph 600 12 51.7 1.8 601 8.8 74.1] 2.4 601 7.8 129.4 4.0 50, 3.5]
750 18 64.6 24 748 10.5 107.7 12.4] 728 9.6 162.9 19.7] 47 3.2]
900 18 94.2 11.1 871 13.3 123.4] 9.8 755 8.9 186.0 16.7] 46 3.7]
3,000 18 105.9 12.7 890 7.3
300 12 33.5 0.7 304 5.5 39.1 1.7 304 6.2 117.4 0.8 50 3.1
450 12 34.6 0.5 451 7.5 46.3 1.7 450 9.0 117.7 0.8 50, 3.1
30 mph 600 12 37.3 11 601 9.2 60.7] 3.8 597 8.6 120.5 2.1 50, 2.9
750 18 43.6 1.4 749 11.3 90.3, 12.2 731 12.9 146.8 19.0] 48 3.8
900 18 56.3 3.5 891 14.7 115.4] 6.9 778 13.0 184.1 8.3 46 4.2
3,000 18 74.8 15.8 937 5.9
300 12 28.8, 0.7 303 6.0 35.5 1.9 300 6.0 113.1 1.2] 49 3.5]
450 12 29.4 0.4 449 8.4 42.8 2.9 445 8.7 113.4 1.1 49 3.5]
35 mph 600 12 31.1 0.7 601 11.5 54.6] 5.5 594 10.7 116.2 1.8 48 3.3]
750 18 34.8 0.8 746 12.1 83.5 13.1 731 12.1 139.1 21.0] 47 3.7]
900 18 42.3 1.4] 893 13.5 110.4] 9.9 785 12.6 178.6 12.4] 45 3.9
3,000 18 48.6 2.9 961 5.6
300 12 24.8 0.4 301 6.2 31.8 15 301 6.5 111.0 1.4] 49 3.8
450 12 25.6 0.2 449 9.5 39.4 2.4 448 10.1 111.2 1.5] 49 3.8
40 mph 600 12 26.3 0.6 597 11.5 51.0] 4.7 597 10.9 114.4 3.6 49 3.7]
750 18 28.2 0.7 747 11.3 79.4] 13.4] 730 10.9 138.9 21.1] 48 2.7
900 18 32.7 0.8 892 13.7 110.9] 13.3 782 12.1 181.0 15.0] 45 3.8
3,000 18 35.8, 0.7 965 5.6
300 12 21.9 0.4 301 6.8 25.0] 1.4] 300 5.8 108.9 1.3 49 2.6
450 12 22.1 0.2 447 10.1 37.2, 1.8 449 10.5 110.1 1.9] 49 2.5]
45 mph 600 12 22.7 0.4 597 9.3 47.3 3.6 597 9.2 112.5 2.2 49 2.5]
750 18 24.2 0.6 749 12.2 78.6] 11.9 733 10.2 141.5 18.9] 48 3.1
900 18 27.3 0.7 893 15.0 104.5] 12.7 778 13.3 173.6 14.2] 45 3.0]
3,000 18 29.2 0.7 965 5.4
Table A.6 Summary of VISSIM Output: Model 5, Cycle Length
Automobile Bicycle
WIS, CEb Langi Zero Bicycles With Bicycles, 12 ft Outside Lane 12 ft Outside Lane
s Input Average | Standard | Average | Stanard | Average | Standard | Average | Stanard | Average | Standard | Average | Stanard
peed L . o . o .
Conditon Volume Seeds Travel Deviation | Volume | Deviaton Travel Deviation | Volume | Deviaton Travel Deviation | Volume | Deviaton
(vehth) Time (s) (s) (vehfh) (veh/h) | Time (s) (s) (veh’/h) (veh/h) | Time (s) (s) (vehth) (vehth)
300 12 40.4 0.7 303 5.60 42.8 12 305 5.11 138.7 3.1 51 3.36
600 12 41.9 0.4 600 9.7 48.4, 1.7 602 10.0 140.0 2.2 51 3.3]
25 mph 900 12 43.8, 0.7 903 15.9 62.6] 3.1 902 16.7 142.5 2.7 51 3.2]
1,200 18 51.4 1.3 1,203 15.7 96.0, 9.2 1,172 19.6 151.9 6.8 49 3.6
1,500 18 72.6 5.1 1,398 8.0 104.3] 12.7 1,210 13.2 156.2 9.5] 49 3.4
3,000 18 717 6.9 1,406 5.1
300 12 33.0, 0.4 304 5.82 35.0, 0.9 304 6.91 138.7 2.2 50, 2.98]
600 12 33.8, 0.6 601 10.2 38.9, 0.9 600 9.5 137.1 2.5] 50, 3.0]
30 mph 900 12 34.5 0.5 905 15.8 51.1 1.7 901 16.5 137.9 1.6 50, 3.0]
1,200 18 36.5 0.4 1,202 15.3 75.9] 6.8 1,181 22.9 143.2 2.8 49 4.0
1,500 18 41.9 0.8 1,468 17.6 95.2 12.2 1,251 22.7 151.5 7.9 48 4.0
3,000 18 43.7 25 1,490 6.8
300 12 28.0, 0.8 302 6.13 29.9] 0.7 300 5.62 135.5 2.0] 49 3.85
600 12 28.5 0.3 600 9.5 34.2 13 598 8.6 133.9 1.9] 49 3.8
35 mph 900 12 28.9 0.4 902 14.4 45.2, 2.4 896 15.2 134.5 2.0] 49 3.8
1,200 18 29.8, 0.3 1,198 15.0 66.8] 4.8 1,181 18.1 138.7 2.4 48 4.0
1,500 18 32.6 0.5 1,485 19.9 86.1 10.1 1,275 21.0 145.7 5.1 48 4.1
3,000 18 33.6 0.4 1,537 5.1
300 12 24.5 0.5 301 6.91 26.8] 0.5 302 6.83 132.2 1.8 49 4.32
600 12 24.7 0.2 598 11.4 31.3 1.4] 599 10.8 130.7 1.5] 49 4.3
40 mph 900 12 24.9 0.3 895 14.4 42.0 23 892 14.9 132.2 1.7] 49 4.3
1,200 18 25.2 0.4 1,193 14.0 62.3] 5.0 1,184 18.1 136.6 2.4 48 3.7]
1,500 18 26.8, 0.3 1,488 19.9 91.4 16.1 1,291 23.7 149.0 12.2] 47 3.9
3,000 18 27.6 0.3 1,566 4.4
300 12 21.7 0.3 300 8.14 23.8] 0.7 301 7.84 131.3 1.3 49 2.71
600 12 21.7 0.2 597 9.9 29.7] 1.2 598 9.8 130.3 1.2] 49 2.7
45 mph 900 12 21.8 0.2 895 15.7 40.9 2.1 896 15.3 131.5 1.5] 49 2.7
1,200 18 219 0.2 1,196 17.4 61.8] 4.4 1,189 19.4 135.4 2.3 48 3.0]
1,500 18 22.8 0.3 1,489 18.9 71.3] 5.4] 1,364 22.1 150.4 15.4] 47 3.3]
3,000 18 23.2 0.2 1,581 4.6
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Table A.7 Summary of VISSIM Output: Model 6, Segment Length

Automobile Bicycle
IS G S e L With Bicycles, 12 ft Outside Lane 12 ft Outside Lane
Speed Input Average Star]de_lrd Average Stapard Average Star_\dgrd Average Stapard
ol Volume Seeds Travel Deviation | Volume | Deviaton Travel Deviation | Volume | Deviaton
(veh/h) Time (s) (s) (veh/h) | (veh/h) | Time (s) (s) (veh/h) [ (vehrh)
300 12 82.1 1.3 305 5.33 200.6 5.4 50 3.37
600 12 90.7 1.4 601 7.8 202.3 4.8 50 3.4
25 mph 900 12 103.0 1.7 898 14.6 203.7 5.3 50 3.1
1,200 18 1215 2.3 1,191 16.2 210.1 5.9 50 3.3
1,500 18 151.3 6.6 1,387 18.4 233.3 6.2 47 3.1
3,000 18 133.5 8.1 1,615 7.7
300 12 67.5 1.0 304 8.48 197.7 5.0 50 2.78
600 12 73.5 1.1 598 10.0 197.9 4.9 50 2.9
30 mph 900 12 84.8 1.7 898 15.1 200.7 5.1 49 3.5
1,200 18 102.0 2.9 1,191 18.3 206.3 6.1 49 3.4
1,500 18 138.8 8.6 1,416 18.2 228.0 9.8 47 3.6
3,000 18 97.3 6.3 1,703 8.1
300 12 57.3 0.7 299 6.34 198.3 4.6 49 3.53
600 12 63.1 1.2 597 9.5 199.2 4.7 49 3.6
35 mph 900 12 73.8 1.9 895 16.4 201.3 5.5 49 3.6
1,200 18 90.2 2.1 1,187 16.2 206.8 6.7 49 3.6
1,500 18 125.6 8.9 1,435 18.1 223.7 6.7 47 3.7
3,000 18 71.7 6.6 1,755 7.0
300 12 49.7 0.5 302 6.56 200.1 6.0 49 4.22
600 12 55.8 1.4] 600 11.5 200.8 5.7 49 4.2
40 mph 900 12 67.2 15 896 14.9 203.5 5.3 48 3.6
1,200 18 82.9 2.4 1,190 17.6 207.4] 5.5 49 3.4
1,500 18 119.2 12.2 1,442 15.9 223.6 7.4 48 3.6
3,000 18 54.3 0.4 1,786 4.7
300 12 44.7 0.9 301 7.63 200.4| 4.8 48 2.96
600 12 51.3 1.2 598 10.3 200.9 4.9 48 2.8
45 mph 900 12 64.1 15 898 15.7 205.0 4.6 48 3.0
1,200 18 79.8 2.8 1,195 19.4 209.0 4.7 48 3.0
1,500 18 113.4 10.5 1,450 20.6 224.0 8.7 48 2.9
3,000 18 46.5 0.2 1,800 4.9
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APPENDIX B
PLOTTED VISSIM DATA AND REGRESSION EQUATIONS
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Figure B.1 Model 1, 25 mph
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Figure B.2 Model 1, 30 mph
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Figure B
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Figure B.4 Model 1, 40 mph
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Figure B.5 Model 1, 45 mph
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Figure B.6 Model 2, 25 mph
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Figure B.7 Model 2, 30 mph
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Figure B.8 Model 2, 35 mph
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Figure B.9 Model 2, 40 mph
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Figure B.10 Model 2, 45 mph
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Figure B.11 Model 3, 25 mph
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Figure B.12 Model 3, 30 mph
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Figure B.13 Model 3, 35 mph
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Figure B.14 Model 3, 40 mph
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Figure B.15 Model 3, 45 mph
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Figure B.16 Model 4, 25 mph
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Figure B.17 Model 4, 30 mph
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Figure B.18 Model 4, 35 mph
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Figure B.19 Model 4, 40 mph
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Figure B.20 Model 4, 45 mph
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Figure B.21 Model 5, 25 mph
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Figure B.22 Model 5, 30 mph
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Figure B.23 Model 5, 35 mph
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Figure B.24 Model 5, 40 mph
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Figure B.25 Model 5, 45 mph
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Figure B.26 Model 6, 25 mph
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Figure B.27 Model 6, 30 mph
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Figure B.28 Model 6, 35 mph
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Figure B.29 Model 6, 40 mph
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Figure B.30 Model 6, 45 mph
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