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MODULE 6. HOV TREATMENTS

Figure 6-1. HOV Lane in San Diego, CA.

6.1 INTRODUCTION

Preferential treatments for high occupancy
vehicles (HOV) have proven to be one of the
most flexible, cost effective aternatives for
increasing the person-moving capacity of
congested metropolitan  transportation
systems. The concept emphasizes person
movement rather than traditional vehicle
movement. It offers multi-person vehicles
the opportunity to travel in reserved lanes
that alow higher operating speeds and more
reliable travel times. HOV treatments are
not appropriate in every situation, but their
applications are growing as more and more
metropolitan areas face the chalenge of
improving mobility, particularly during peak
travel periods.

Constraints on metropolitan mobility have
been identified as among the most serious
transportation issues affecting the economic
and socid vitality of the nation. Many

regions of the country, recognizing this
critical importance of continued mobility,
have established the following areawide
goals:.

* Reduce vehicle-miles of travel.

e Conserve energy.

* Reduceair pollution.

HOV facilities can be amagor component in
regiona efforts to improve the operational

efficiency of afreeway by:

» Increasing the people-moving capacity of
the facility.

o Offering high-speed travel to a larger
number of people (to decrease the
average travel time and make it more
predictable).
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» Providing an incentive for people to
share rides (to increase the number of
persons carried per vehicle).

The objective of HOV lanesis, of course, to
move more people in fewer vehicles than
conventional highway lanes. A dramatic
example of the person-moving capability of
anHOV laneison4km (25 mi.) of 1-495in
New Jersey, between the New Jersey
Turnpike and the Lincoln Tunnel entering
New York City. Here a contraflow lane, a
lane in the off-peak direction, separated from
the adjacent lane with plastic posts during
the morning peak, carries 35,000 peoplein
750 buses during the peak hour, and more
than 70,000 people in 1650 busesin the 3-
hour peak period. It would require 15
conventional freeway lanes to move the
same number of people in the peak hour.
Certainly, no other city has the employment
dengty or transit use of the New Y ork/New
Jersey Metro area, but HOV facilities
throughout the country are accomplishing
the same objective by providing a reduced
travel time and travel time rdiability
incentive for drivers to change mode to
HOV. Exigting freeway HOV lanes carry
the person-equivalent of two to five
conventional lanes, and do so at a higher
level of service than the conventiona lanes.
If an HOV lane becomes congested, the
occupancy requirement can be raised, or
other adjustments can be made to
accommodate additional vehicles and thus
additional people.®)

TREATMENTS

Priority treatments may be either dedicated
mainline lanes or isolated improvements that
bypass a bottleneck. These treatments
include the following:

e Exclusve HOV Facility - Separate
Right-of-Way.

o Exclusve HOV Facility - Freeway
Right-of-Way.

e Concurrent Flow Lane.

e Contraflow Lane.

e Queue Bypass HOV Facility.

These treatments are best served when
implemented with a number of other
transportation  demand  management
measures to encourage use such as.

* Rideshare matching services.

o Guaranteed ride home.

» Employer incentives through preferential
parking.

e Parking cost incentives.

e Supporting facilities that help to collect
and distribute passengers.

» Public information.
e Education programs.
MODULE OBJECTIVES

The objectives of this module are to
accomplish the following:

e Present the process for developing HOV
treatments within a freeway system.

e Provide a summary and description of
different HOV treatments in use
including both HOV lanes and
supporting facilities such as park-and-
ride and preferential parking programs.

6-6
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e Discuss planning, design, construction,
operating, and maintenance issUes
associated with the different HOV
treatments.

MODULE SCOPE

In view of the impressve HOV success
stories of Houston, Seattle, and other cities
(see section 6.5), a high interest exists in
implementing HOV treatments within
freeway systems. This module presents the
basics for HOV treatments associated with
freeways. Treatments on arterial roadways
can aso support the freeway system,
however those treatments are not discussed
here. Information on the different freeway
treatments and their supporting parking-
related facilities are presented along with
discussion on issues associated with those
facilities. An emphasis of this module is on
the need for cooperation between the
partners and the presentation of issues that
need to be considered during the planning
process.

6.2 DESIGN PROCESS
IDENTIFY PROBLEMS/NEEDS

High Occupancy Vehicle facilities are viable
components of freeway systems. The needs
that can be addressed by HOV facilities
include the following:

» Increasing person-carrying capacity of a
highway corridor.

¢ Reducing total travel time.

* Reducing or defer the need to increase
highway vehicle-carrying capacity.

» Improving efficiency and economy of
public transit operations.

Reducing fuel consumption.

Improving air quality.

Inducing mode shift.

Factors that influence consideration of HOV
facilities include:

» Congestion.

» Travel time savings.

» Person throughput.

» Vehicle throughpuit.

e Local agency support.

» Enforceability.

e Physical roadway characteristics.
e Support facilities.

e Environmenta mitigation.

o Compatibility with other modes.

Thetwo criteriathat most commonly appear
to influence HOV viability are congestion
and travel time savings. Without existing
or forecasted congestion, the HOV
alternative offers no substantial benefits for
single-occupant drivers to switch to carpool,
vanpool, or bus. Although the definition of
“congestion” varies from one locae to
another, a good measure of congestion is
average freeway speeds of 48 km/h (30 mi/h)
or lessduring the peak hour, or 56 km/h (35
mi/h) or less during the peak period. In
someingtances, an HOV dternative has been
considered for a congested freeway that
could operate relatively smoothly with an
added mixed-flow lane, but for which future
congestion ispredicted. Travel time savings
has become one of the most reliable
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predictors of HOV viability, and it must
potentially exist to encourage mode shifts.
For most treatments, a projected 5-minute or
more savings per trip is generally recognized
as aprerequisite. Time savings of less than
5 minutes may still justify consideration of
gueue bypass where a modest investment
benefits many drivers.®

An assessment of HOV projectsin six U.S.
cities—Houston, Minneapolis-St.  Paul,
Pittsburgh, Sesattle, Washington, DC, and
Orange County, Cdifornia—found the
following common elements in the decision-
making process: ¢

e Corridor and areawide characteristics.
An awareness of the need to address
increasing traffic congestion problemsin
the corridor had devel oped.

e Lack of a fixed-guide way transit plan
for the corridor. No decision had been
made on the development of a fixed-
guide way transit system in the corridor
where the HOV facility was ultimately
developed.

e Planned or scheduled highway
improvements. HOV projects were
considered and implemented as part of
an extensve program of highway
improvements. This coordination helped
maximize available resources and
minimize impacts on implementation.

e Project champion or champions.
Individuals in positions of authority in
highway and transit agencies supported
the HOV concept and promoted it
throughout the project development
process.

» Legislative direction and policy support.
Legidative or agency policies and
directives played an important role in the

decision-making process in some HOV
projects.

To assist with defining the problems that
exist within the freeway system so that
appropriate decisons can be made, an
inventory of physical and organizationa
componentsis needed. Table 6-1 lists some
of the specific types of information needed.
IDENTIFICATION OF PARTNERS
The key partners in the development of an
HOV facility component of a freeway
management system include the following:

o State Department of Transportation.

e Transit Authority (or Authorities).

» Federa Highway Administration.

» Metropolitan Planning Organizations.

» Enforcement Agencies.

e County or City Depatments of
Transportation.

In addition, the following can be key in

developing a successful plan, rather than one

that is challenged during the development

and/or construction of afacility:

o Elected Officias.

* Mediarepresentatives.

o Citizens.

* Representatives from private businesses.
» Major traffic generators.

» Businesses  with

programs.

ride-sharing

6-8
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Table 6-1. Information Needs for Successful HOV Operations.

Person-Moving Capacity of the Roadway Facility

Origins and Destinations
Activity Centers
Point of Origin
Average Trip Length
Trip Times
Traffic Operation on Freeway Mainlane
Average Delay
Peak Period Volumes
Average Travel Speeds
Travel Time
Bottlenecks
Location
Duration
Causes
V ehicle Occupancy

Future Demand
Growth Factor of Corridor
Growth Factor of Parallel Routes
Transit and Rideshare Patronage

Existing and Planned Transit Services

Safety and Accident Data
Violation and Enforcement Data

Potential for Support Facilities Such as Park-and-Ride Lots

Percentage of Peak Period 2+ and 3+ Vehiclesin the Traffic Stream

Types of Operations That Could Benefit from HOV

General Design Limitations of Existing Freeway Facility

Information on the Perception of Users, Non-Users, and the General Public

In some cases, for example the devel opment
of apark-and-ride facility has included other
non-traditional partners. Other important
partnersthat can beinvolved in the decision-
making process include the following:

e Owners/operators of traffic
generators.

major

e Churches whose parking lots could be
used for weekday commuters.
Successful HOV systems requires good
coordination between respective
governmental agencies. Two examples of
areas where effective coordination has

occurred include Houston and Seettle.®
Agencies primarily involved in the
implementation of HOV facilitiesin Houston
included:

» Texas Department of Transportation.

e Metropolitan Transit Authority.

» Federa Highway Administration.
Agenciesinvolved in Seettle included:

e Washington State Department of
Transportation.
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e Puget Sound Council of Governments.
e Sedttle Metro Transit.
e Pierce County Transit.

e Municipality of Metropolitan Sesttle
(Metro).

» King, Pierce, and Snohomish Counties.
« City of Bellevue.
» Federa Highway Administration.

Additiona information on the Houston and
Seattle systems is provided later in this
module.

CONSENSUS BUILDING

Having an overall consensus and devel oping
good working relationships within and
between agencies are important in
implementing an HOV facility system.
During initid meetings, identifying and
understanding the differences in operational
philosophies and priorities of the different
partners will assist in the process. For
example, mgor business associations may be
more concerned with the location of ramps
to and from an HOV lane, and whether those
rampswill go into a parking garage, while a
transit agency’s priority may be to have the
ramps exit to a downtown street.

The importance of public support needs to
be recognized ealy in the process.
Extensve public relations and media
campaigns may be needed to show the public
the benefits of the HOV facilities. An
important lesson that has been learned from
project failuresto dateis that the public must
be involved and must be able to understand
and appreciate the role that HOV systems

can serve. Public participation will need to
be focused and pursued at various levels.

A multi-agency review group (also called an
advisory committee or steering committee)
should be formed. Their role includes
technica and policy guidance, concurrence
powers a maor decison points,
coordination and liaison with others in the
respective agencies, and outreach to greater
public participation efforts as needed. Apart
from the multiagency review group, focus
groups composed of local civic associations,
specia interest groups, politicians, the
media, and others may be necessary to link
public participation with the process.®)

ESTABLISH GOALS AND
OBJECTIVES

After the relevant partners are identified, the
goals and specific objectives that are to be
addressed through this component of the
freeway system are developed. Goals are
broad statements of the intent of the system
or of one of its components, whereas
objectives are specific tatements about what
the system or component of that system will
attempt to accomplish. A given goa may
have more than one objective specified to
reach that goal. Table 6-2 lists examples of
goals and objectives that the team might
develop for HOV facilities.

ESTABLISH PERFORMANCE
CRITERIA/MOES

Performance criteria and measures-of-
effectiveness need to be identified in order to
assess the extent to which HOV treatments
are meeting goals and objectives. Table 6-3
lists suggested objectives and measures of
effectiveness.

6-10



Manual TABLE OF CONTENTS

Module 6. TABLE OF CONTENTS

Table 6-2. Examples of Goals and Objectives for HOV Treatments.

Category Examples
Goals » Produce a Better Operating Freeway
* Increase the Person-Moving Efficiency of the Roadway Facility
» Encourage Mode Change
Objectives Reduce User Travel Time

Reduce or Defer the Need to Increase Highway V ehicle Capacity
Improve Efficiency and Economy of Public Transit Operations

Reduce Fuel Consumption
Improve Air Quality by Reducing Air Pollution in a Corridor

Evduations are necessary to ensure that the
improvements are providing the desired
benefits and that the expenditure of public
funds is judtified. Interest exists in the
results of these evaluations among many
groups, for example, transportation
professonas, elected officids, and the
genera public. While there appears to be
general agreement among transportation
professionals that HOV facilities should be
evaluated, a consensus does not exist
regarding the most appropriate measures to
use, the performance thresholds the
projects should meet to be considered
effective, or the preferred data collection
techniques. The challenge to transportation
professionals is to provide accurate and
objective evaluations of HOV facilities that
focus on key criteria and that can be easily
understood by the different partners.
Analyses and findings contained in severa
reports provide some guidance.®®

DEFINE FUNCTIONAL
REQUIREMENTS

The functional requirements of HOV
treatments define specific actions or
activities that are to be performed in order to
achieve one or more of the objectives. The
functions should be defined independent of
the technology to be employed in the system,
so that the focus is on what the system is

designed to do rather than on how the
system will be doing it. Table 6-4 presents
examples of functional requirements for
various objectives.

Example treatments include the following:
e HOV Lanes.
»  Facilities on separate rights-of-way.

» Long-distance HOV lanes serving
buses, vanpools, and carpools, and
located within or adjacent to the
freeway right-of-way.

» Priority Access at Ramps.
o Terminal Facilities.
» Preferential Parking.

IDENTIFY AND SCREEN
TECHNOLOGY

It is appropriate to assess the actual
technologies available to meet the functional
requirements. The assessment can begin
with the discussion of available treatments
contained later in this module. Because of
the high interest in HOV facilities, the
Transportation Research Board, among
others, frequently plans meetings to discuss

6-11
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Table 6-3. Suggested Objectives and Measures of Effectiveness for HOV Facilities. ©

Objective

Measures of Effectiveness

Improve the capability of a
congested freeway corridor to move
more people by increasing the
number of persons per vehicle

Actual and percent increase in the person
movement efficiency

Actua and percent increase in average vehicle
occupancy rate

Actual and percent increase in carpools and
vanpools

Actua and percent increase in bus riders

Increase the operating efficiency of
bus service in the freeway corridor

Improvement in vehicle productivity (operating
cost per vehicle-mile, operating cost per
passenger, operating cost per passenger mile)
Improved bus schedule adherence (on-time
performance)

Improved bus safety (accident rates)

Provide travel time savings and a
more reliable trip time to HOV's
utilizing the HOV facility

The peak-period, peak-direction travel timein the
HOV lane(s) should be less than the travel timein
adjacent freeway lanes

Increase in travel time reliability for vehicles
using HOV lane(s)

Favorable impacts on air quality and
energy consumption

Reduction in emissions

Reduction in total fuel consumption

Reduction in the growth of vehicle miles of travel
(VMT) and vehicle hours of travel

Increase the per lane efficiency of
the total freeway facility

Improvement in the peak-hour per lane efficiency
of the total facility

Not unduly impact the operation of
the freeway mainlanes

The leve of service in the freeway mainlanes
should not decline

Be safe and not unduly impact the
safety of the freeway general
purpose mainlanes

Number and severity of accidents for HOV and
freeway lanes

Accident rate per million vehicle miles of travel
Accident rate per million passenger miles of
travel

Have public support

Support for the facility among users, non-users,
genera public, and policy makers

Violation rates (percent of vehicles not meeting
the occupancy requirement)

Be a cost-effective transportation
improvement

Benefit-cost ratio

6-12
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Table 6-4. Examples of Functional Requirements for HOV Treatments.

Objective

Functions

Improve the capability of a congested freeway
corridor to move more people by increasing
the number of persons per vehicle

To support the HOV facilities, assist in the
development of ridesharing programs

Provide travel time savings and a more
reliable trip time to HOV s utilizing the HOV
facility

Design facility so that incidents are
appropriately handled (e.g., quick
identification and removal)

Have public support

Involve public at appropriate stages during
the process.

Develop and execute a public relations
campaign

the benefits, chalenges, and other aspects of
HOV treatments. Publications from these
sources can provide additional information on
treatments.

Factors that should be considered at this stage
include cost (construction, operation,
maintenance, replacement, etc.), operations
and maintenance requirements, and personnel,
equipment, and facility needs. The process for
identifying and  screening  different
technologies for incluson in a freeway
management system is often iterative, because
there are multiple ways that different
technologies can be combined to achieve an
objective. For example, decisions made about
an HOV treatment can influence decisions
made about surveillance techniques.

System Planning

In order for HOV systems and facilities to be
properly integrated within the freeway system,
system planning needs to occur at al levels,
including strategic  planning, long-range
system planning, short-range planning, and
service or operations planning. At the
strategic planning level, freeway and transit
agencies need to determine their roles,
missions, and types of HOV services they

want to provide in a metropolitan area.
(Thistype of activity is discussed in detail
in Module 2.) Through the long-range
planning process, agencies can ensure that
HOV facilities and services are
incorporated into the future design of
freeway systems and that funding for
capita-intensive facilities are programmed
into area transportation improvement
plans. The short-range planning process
can be used to assess administrative,
funding, and service changes that need to
occur usualy within a 5-year period.
Service or operations planning is an
ongoing activity—often on a route or
corridor basis— and isintended to identify
improvements to improve service
efficiency and effectiveness of HOV
facilities.

Figure 6-2 illustrates a system planning
methodology that can be used to identify
HOV dternatives designed to service
peak-hour person demand at the lowest
total cost to the public, while at the same
time, providing system continuity.® The
public costs have been identified as travel
delay, construction and right-of-way, and
operation costs of the facilities. The
methodology also recognizes that some
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Step 1
Identify Long-Range Plans and
Available Corridors

4

Step 2
Identify System Constraints

4

Step 3
Identify Peak-Hour Person Travel Volume on Parallel Rail
and Toll Facilities

Il

Step 4
Identify Peak-Hour and Peak Period Demand

4

Step 5
Divide the Corridor into Sections

4

Step 6
Identify Alternate Travel Mode Characteristics

4

Step 7
Critical Lane Volume Spreadsheet

4

Step 8
Estimate Unit Cost Components

4

Spreadsheet-Based Procedures

Step 9
Describe the Alternatives

4

Step 10
Identify Lowest Cost Alternative
for the Corridor

4

Step 11
Select Alternative(s) for Each Corridor
on a System Map

Figure 6-2. Multimodal System Planning Technique—Steps in the Process.®
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motorists will change their mode of travel
when given the opportunity to avoid
congestion, resulting in more transit and
carpool use. The methodology can be
summarized in the following steps, which
begin with corridor and system concerns,
become more specific, and conclude with a
system-level assessment of the results:

| dentify constraints in the corridor and
the system.

* Estimate demand.
o Test alternatives for corridors.

e Examine results of individua corridors
for system consistency and adjust
improvements.

The methodology includes consideration of
facilities such as parallel urban rail transit
and toll highways, high-occupancy vehicle
lanes, express freeway lanes, and generd
freeway lanes. The process can aso
incorporate operational and travel demand
management improvements.

The multimodal system planning process
includes a spreadsheet-based anaytica
procedure and several considerations before
and after the spreadsheet operation. The
technique generdly follows an insde-
outside geographic arrangement. System
constraints (usually most frequent near
downtowns) are initidly identified.
Individua corridors are analyzed and the
alternatives optimized, possibly for severa
factors. The corridors are brought together
on a system map, and the match points
harmoni zed.

The system planning methodology provides
information to quantify decisions regarding
the most efficient expenditure of
transportation funds for a multimodal
system. It includes operational experience in

the framework and provides a balance in
difficult concepts such as congestion level
and mode shift to ridesharing alternatives. It
can optimize transportation systems based
on the lowest cost to the public and aso
optimize within agency construction and
operation budgets. The spreadsheet-based
anayticad program is open to user
assumptions, and al default values are
supported by documentation.

In practice, the outcomes of the corridor
analyses vary depending on travel demand.
Low demand corridors (less than 150,000
daly trips) where little or no construction is
warranted are usualy optimized with
freeway general purpose lanes. Moderate
demand corridors (up to 200,000 daily trips)
may require some limited access express
lanes, but the lowest public cost is usually
achieved with only general purpose
improvements. High demand corridors (in
excess of 200,000 daily trips) are usualy
most efficient with a combination of HOV
lane and freeway improvements.

IMPLEMENTATION

A natural result of the system engineering
approach is the implementation of the plan.
Issues that could be of concern with the
implementation of an HOV treatment include
the following:®

e Scheduling. If the HOV project is a
retrofit, implementation scheduling can
be complicated by a variety of
unknowns, generaly related to the
policies and procedures of the various

agencies involved. If the project
requires dailly monitoring (eg.,
contraflow or reversible-flow

operations), an additiona 1 to 3 weeks
following construction completion
should be included for pre-operation
testing.

6-15
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Design/Construction Packaging.
Proper packaging of the project design
can affect quality and cost. There are
various reasons to segregate a project’s
elements into multiple design and
construction packages. If the packageis
too large, competitiveness is reduced in
the construction bidding process. If the
improvement represents substantially
different construction trades (i.e,
roadway work versus electronic
surveillance), it may also make sense to
segregate the improvements to achieve
the best responsiveness and quality of
work. Conversdly, it makes sense in
projects involving HOV and adjacent
freeway improvements, to combine
common eements of work into the same
construction packages. This simplifies
construction management on the job site.

HOV Operation During Construction.
One of the most effective methods of
cultivating an early market for an HOV
project is to start offering preferential
treatment during the construction phase.
Additiondly, this approach can be a
cornerstone of the traffic management
plan aimed at preserving corridor flow
during construction activities. These
benefits  often outweigh the
complications this approach creates for

contractors and throughout the
construction period.
Pre-Operation Testing. Some pre-

operation testing is desirable for any
HQV facility. This period allows police
to refine enforcement strategies and the
operations team to make minor
adjusmentsin thefacility design prior to
operation. For reversible-flow or
contraflow  projects, pre-operation
testing isessentiad. At least 1 to 3 weeks
is needed to check out any of the
automated features that will be changed

on a daly bass and acquaint bus
operators, deployment staff, police, and
others with how to handle daily
operation, mai ntenance, and
emergencies.

* Operation. Opening of a project should
be preceded by sSgnificant public
awareness efforts. Target users should
be provided information on how to take
advantage of the project, including maps,
rules and regulations for use, and
instructions on how to react in an
emergency.

Prior to opening the facility to traffic, a plan
must be devised for enforcing the restrictions
on the facility. The plan should include how
often, how long, and where enforcement
activities should be performed.

EVALUATION

The final step in the design process is to
evaluate the effectiveness of the HOV
treatment. This should not be considered a
one-time activity, but should be part of a
periodic review of the effectiveness of the
component and of the overall system. In
addition to providing information to the
sponsoring agencies on the effectiveness of
the treatment(s), the information would be
helpful in communicating the effectiveness of
the project to the public and enhancing a
general understanding of the role that the
HOV project has performed.

Table 6-5 provides an overview of suggested
objectives, data collection efforts, and
corresponding measures of effectiveness for
evauaing HOV facilities. The source of the
information in this table contains an
approach for conducting evauations of
freeway HOV  facilities, including
identification of appropriate evaluation
objectives, corresponding measures of
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Table 6-5. Suggested Objectives, Data Collection Efforts, and Measures of Effectiveness for Evaluating HOV Facilities. ©

Objective Veh. & Occup. Counts Travel Time Runs Surveys (1) Corresponding Measure of Effectiveness (MOEs) (3)
Freeway HOV Lane Freeway HOV Lane Freeway HOV Lane Other
2 2
Increase x x ok ok x> (4) | Percent increase in peak-hour, peak-direction person volume;
occupancy increase in average vehicle occupancy; and modal shift
Cost K x x x Benefit-to-cost ratio
effective
Travel time x x ok ok *x*(5) | Amount of travel time saving by HOV users; reliability of trip
savings time for HOV users
Public ok x x *x(6) | Percent of users, non-users, and general public who approve
Support of HOV facility; violation rates
Energy and x x x x ok ok **(7) | Reductionin CO, HC, and NO emissions; reductionin
air energy consumption and noise level
Freeway x x ok Increase in peak-hour per lane efficiency of freeway
operations
Safety K K *(8) Number and severity of accidents; accident rate per million
vehicle miles of travel and per million passenger miles of
travel
x Indicates the top priority data collection efforts needed to evaluate the objectives.
x> |ndicates data collection efforts which ideally should be conducted, but are not absolutely necessary to eval uate the objectives.
1 Involves periodic use of surveys of HOV users (bus riders, carpoolers, and vanpoolers), non-HOV usersin the general traffic lanes, and in some cases, the general public.
2 It is strongly suggested that this data be collected for both the freeway lanes adjacent to the HOV facility and the control freeway.
3 Some, but not necessarily al, of the suggested MOEs associated with gauging the attainment of the objectives are shown.
4 Vehicle and occupancy counts on aternate arterial routes to identify any changes in throughput for the corridor, counts at park-and-ride lots, and vehicle and occupancy counts on a

oo ~NO Ol

“control” freeway.

Monitoring bus on-time performance and schedul e adherence before-and-after implementation of the HOV lane(s).

Identifying violation rates for the HOV lane (i.e., those vehicles not meeting the minimum occupancy requirement). Monitoring complaints, media, and policy actions.
Monitoring air quality and noise levels along the corridor.

Identifying freeway accident rates and types before-and-after implementation of the HOV lane(s), as well as obtaining accident rates on the HOV facility.
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effectiveness, data collection methodologies,
and an evaluation process.©

6.3 TECHNIQUES AND
TECHNOLOGIES

HOV FACILITIES

There are essentially four different types of
high-occupancy vehicle (HOV) facilities
used on freeways.

» Exclusive HOV Facility - Separate
Right-of-Way. A roadway or lane(s)
developed in a separate and distinct
right-of-way and designated for the
exclusveuse of HOV's (see figure 6-3).

* Exclusive HOV Facility - Freeway
Right-of-Way. Roadways or lanes built
within the freeway right-of-way which
are physically separated from the other
freaway lanes but reserved for exclusive
use by HOVS, at least during portions of
the day (see figure 6-4).

» Concurrent Flow Lane. A freeway lane
in the peak direction of flow (normally
the insde lane) that is not physicaly
separated from the other freeway lanes

but is designated for use by HOVs at
least for a portion of the day (see figure
6-5).

» Contraflow Lane. A freeway lanein the
off-peak direction of flow (normally
adjacent to the median) that is
designated for use by HOVstraveling in
the direction of peak flow for at least a
portion of the day. Normaly, the
contraflow lane is “ separated” from the
off-peak (or opposite) flow by insertable
cones, pylons (see figure 6-6), or
movable concrete barriers.

Operational Considerations

The importance of incorporating operational
condderations into both the planning and
design process for HOV facilities cannot be
overstated. The operation of an HOV
facility is critical and should be considered
when making planning, design, and
implementation  decisions. Also,
consideration must be given to a range of
needs involving support services and
facilities, such as park-and-ride lots, bus
service planning, marketing rideshare
matching, and enforcement. Following isa
summary of severd operationa
congderations as discussed in the AASHTO
Guide.®?

Figure 6-3. Examples of Exclusive HOV Facility - Separate Right-of-Way. ©
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Figure 6-4. Examples of Exclusive HOV Facility - Freeway Right-of-Way. © -

Figure 6-5. Examples of Concurrent Flow Lane. ©
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Figure 6-6. Examples of Contraflow Lanes. ©

HOV Roadway Operations

The operation of separated HOV roadways
may be reversible or two-way. The facility
can be restricted to HOVs during peak
periods only or throughout the day. The
latter is less expensive to sign and operate.
Limiting accessto areversible HOV facility
iscrucid if the facility isto be operated in a
safe and efficient manner. A system of gates
should be considered at each end to prevent
wrong-way traffic from entering the facility.
In addition to these features, this type of
facility should also have a system of variable
message dgns (VMS) which inform
commuters as to the operationa status of the
facility (open or closed).

Operating Efficiency

The reduction of user travel time is the
commonly used measure for assessing the
benefits of HOV facility operation. A
vehicle breakdown on an HOV facility can
be anticipated to occur approximately every
64,000 vehicle-kilometers (40,000 vehicle-
miles) traveled. A disabled vehicle will
cause a decrease in traveling speeds or, in
extreme cases, a total blockage of the
facility. Figure 6-7 illustrates the
consequences of a 15-minute total blockage
on an HOV facility on a separated roadway
having a demand of 6,000 persons per hour

and a capacity of 12,000 persons per hour.
As shown, the 15-minute blockage causes
22,500 person-minutes of delay, and it will
take 30 minutes from the time of blockage
until the queue totally dissipates.

Considerations for 2+ Versus 3+
Occupancy Requirement

HOV facilities should be implemented in a
way that balances the flexibility of HOV
growth and the public perception as to the
use of afacility. Aninitid minimum vehicle
occupancy requirement must be selected to
optimize the efficiency of the facility. The
selection must alow for growth in traffic
volumes as more commuters choose to
switch to carpooling arrangements and take
advantage of thetravel time and fuel savings.
Title 23 United States Code 102(A) allows
State departments of transportation to
establish the minimum  occupancy
requirements for vehicles operating on HOV
lanes, except that no fewer than two
occupants per vehicle may be required and
that motorcycles and bicycles shall not be
considered single occupant vehicles.

Retaining the potential to carry more people
over time offers important operational
flexibility. At the same time, though, public
perception of the adequacy of HOV lane
usage must dso be addressed. Peak hour
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Figure 6-7. Example of Delay on an HOV Facility Due to a Total Blockage
Incident. @9

HOV traffic volumes need to be high enough
to help mitigate public concerns over
underutilization of HOV facilities. The
positive aspect of 2+ digibility is that a
staged resource of commitment to
ridesharing is being established. Lesswork
isinvolved in forming a 2+ carpool versus a
3+ carpool, and the base volume to draw
from is considerably greater. There may be

less eventual resistance to adding a third
passenger than to forming an initia 3+
carpool.

Subsequent changes in  occupancy
requirements need to be weghed with
projected future demand. To go from 2+ to
3+ occupancy could reduce vehicular
demand by as much as 75 to 85 percent.
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This could be severe if only a 10 to 20
percent reduction in demand is necessary for
the near future. A new HOV 3+ lane
typicaly may carry only afew hundred peak-
hour vehicles, while an adjacent freeway lane
is carrying 1500 to 2000 peak-hour vehicles.
Even though the HOV lane may be carrying
more peak-hour person trips than an
adjacent freeway lane, the traveling public
may perceive the lane to be underutilized.
Consideration should be given to changing

from 2+ to 3+ occupancy when the level of
service of the HOV lane is approaching
Level of Service D.

In other words, the flexibility to change
occupancy reguirements is a strong
operationa management tool. However,
changing these requirements frequently or
varying the requirement by time of day may
create enforcement problems and public
resistance.

Hours of Operations

An HOV facility may be operated only
during peak periods only or for 24 hours. A
number of factors, including geometric
design, volumes of HOV and mixed-flow
trafficc and hours of congestion will
influence HOV operating hours.

Twenty-four hour HOV use of priority
facilities is sometimes preferred, because
violations tend to be lower and thereisless
motorist confusion. Also, 24-hour use may
provide a greater overal incentive for the
formation of new carpools. Some HOV
facilities, such asreversible lanes, may not be
conducive to 24-hour operation. The hours
of operation for reversible facilities must
dlow time for a variety of necessary
functions, such as clearing the lane, moving
gates, and changing signing.

Part-time use of a shoulder as an HOV
facility should be implemented only after

careful consideration of operational and
safety problems. The shoulder HOV facility
differs from a part-time HOV lane that
reverts to mixed-flow use during off-peak
periods. The shoulder facility requires
gpecid ddineation and signing, and involves
separate enforcement problems for both
peak and off-peak periods. Motorists may
tend to use the shoulder as a freeway lane
during off-peak hours when it should be
used as a shoulder.

Design Elements
Design Speed

A purpose of HOV facilitiesisto provide a
travel time savings for HOV's. Therefore, it
is preferable to use a design speed for the
HOV facility that is comparable to the
adjoining freeway. AASHTO freeway
standards for design speed should be used to
provide for a high level of service. The
design of the facility should consider the
specific physical dimensions and operating
characteristics of the vehicle types that are
expected to be well represented in the
vehicle mix. For example, the difference in
braking and acceleration characteristics may
suggest a different roadway geometry than
just using passenger cars.

Cross Section Width

Following isa summary of dimensions used
in the design of transit ways® The
preferred cross section for single lane at-
grade, one-way transitways is a 3.6-m (12-
ft) travel mainlane and 1.5-m (5-ft) clearance
offsets (shoulders), while the usual cross
section is 3.6-m (12-ft) travel mainlane and
1.143-m (3.75ft) clearance offsets
(shoulders). A total minimum width of
6.1 m (20 ft) isrecommended for single-lane
fecilities, asthiswill allow a disabled vehicle
to be passed. Reduced cross sections do not
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provide the passing capability, and therefore
are recommended only for short sections,
approximately 610 m (2000 ft) or less, that
involve physical constrictions.™? For
multiple lane at-grade, two-way facilities,
the travel mainlanes are 3.6 m (12 ft), the
center shoulder separations are 3.0 m (10 ft),
and the clearance offsets are 0.6 m (2 ft).

HOV lanes should have a minimum
pavement width of 3.6 m (12 ft). The
pavement should be widened through
horizontal curves to account for the
offtracking of buses. A minimum width of
4.0 m (13 ft) is recommended for HOV
ramps. The typical cross dope for a
transitway is two percent, the same cross
dope found on most freeway mainlanes.

To dlow water to drain, a minimum grade of
0.35 percent should be provided. A
maximum grade of 6 percent is
recommended to prevent buses from slowing
down on the HOV lane. The desirable
superelevation is 0.04 to 0.06 for speeds of
64 to 80 km/h (40 to 50 mph) and 0.06 to
0.08 for speeds of 80 to 97 km/h (50 to 60
mph). Vertical clearances are 4.42 m (14.5
ft) minimum and 5.03 m (16.5 ft) desirable,
while lateral clearances are 0.6 m (2 ft)
minimum and 2.4 m (8 ft) desirable.

Vertical Clearance

Vertica clearance to structures passing over
the HOV facility should desirably be the
same as for the adjacent freeway at 5.03 m
(16.5 ft). While thisis more than sufficient
allowance for the maximum height of a
standard transit bus at 3.429 m (11.25 ft)
(double-deck busis4.32 m[14.2 ft]), it does
alow for the possibility of emergency use or
for future use of other types of vehicles,
including large commercial trucks. In
situations of restricted vertical clearance, a
reduced (usud) clearance of 4.42 m (14.5 ft)
is generally acceptable. Thisincludes some

allowance in vehicle operation and future
pavement resurfacing.

Signs and Markings

Signs and markings should conform to the
Manual on Uniform Traffic Control Devices
(MUTCD) to the fullest extent possible.*?
Preferentiad lane markings should be used to
indicate that the lanes are restricted, with
supplemental signs or signals conveying the
specific restrictions. At the entrance to
reversblefacilities, particular attention must
be paid to the control devices. In addition to
static signs, variable message signs may be
necessary. These should be supplemented
with gates or barriers to further prevent
entry by vehicles going in the wrong
direction or to alow only authorized
vehicles by special designation to enter the
facility.

Signs. Regulatory signing for HOV lanes
should follow the standard regulatory
signing principles (e.g., black legend on
white background, rectangular shape, and
reflectorized or illuminated). The diamond
symboal (white on black background) should
be incorporated into the sign format. Guide
sgning may be necessary on HOV lanes that
have designated ingress, ingress/egress, or
egress points to inform the motorist of the
appropriate HOV lane entry or exit point to
use. The guide signing should follow the
standard guide signing of the MUTCD. The
diamond symbol should dso be incorporated
into the sign format, preferably in the upper
left corner of the sign.

Figure 6-8 gives sample signing and
pavement markings for HOV lanes used by
Cdltrans, adong with some generd
applications criteria.

Markings. When alaneisassigned full- or
part-time HOV use, HOV lane markings are
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HOV PAVEMENT MARKING AND SICNING NOTES

1. Two advance carpool signs, R94. should we instollec on iocal
street whan striped for mondatory right tarn.

7 Twe or more carpooi signs, RI3E, should be installed on ioca
streets fwith consuwrence of Iocu,ogenc%) wherever left turns
are restricied to cerpools during peak hours

3, Two carpoa' signs, R91, should be ingtahed on extra long
entrance ramps with twe Detod "A' pavement markings.

4. Four or more carpoo: signs, R91, should be installed on extro
long ramps with two or more Detail "A' pavement markings

5. Spacing of Delail ‘A' may be os closg as BC feet on zity
streets, while o spucing of /4 mile may be opproprigte for
e freeway.

6. Signing and pavement marking details and notes shown on
this sheet should be used wherever feosible. Exceptions ond
proposed experimentolion with other signs and morkings should

be reviewed in odvance by the Operations Unit

7. The bus-carpool lane on the freewoy entronce ramp may be
gither on the tefl or right side.

8. Additional required signs and morkings are shown in the Coltrans
Traffic Manuot, Sectlon 4-05, Ramp Terminoi Signing,

9. A number may be ploced in the center of the Detail'A' povement
symbal te indicate the number of persons reguired for a carpeaol.

1. Posted time s not required for ramp byposs tane metered by
troffic signals.

11. Tre poverment legend 'CARPOOL  LANE" may be used fo
supplement the Detall A’ inatalbations on new projects. The word
message shoutd then be allowed to wear out,

‘o For 24 how HOV aperctions, time restrictions are deleted.

[

..:_f3|_3||

12

S
DETAIL A
(See Note 9)

6.

NO

NO)
LEETI | o

AUTOS WITH
TRAILERS

4-6 PM CARPOOLS
MON-FRI|  X® M=
R33A R33B BUSES AND
CARPOOLS WITH
) X OR_MORE
GARPOOL
VANPOOL

INFO
GALL (123)

450-7800
G81

HOV
LANE
AHE AD

R83

TURN G-9 AM TRUCKS
MON-F R}
7-3 AM BE);ESEPALD PROHIBITED

GAM-G AM WON-FRI

RB7

HOV
L ANE

ENDS

RB

R82
CAM- D _AM
MON-FRI

RBZA

DO_NOT
STOP =

[64M-9 AM MON-FRI]
RB3A

CARPQOLS

> OR MORE

oMLY
GAM TC 9 &M
MO -F R

RN

R38

CARPOOL IS
% OR MORE
PERSONS

PER VEHICLE
w

R&88 R93

X Use approprigte numeral to indiccte the
number of persons required for a cerpocl

Figure 6-8. Sample Signing and Pavement Markings for HOV Facilities."?
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necessary. The HOV lane marking should
be an elongated diamond placed along the
longitudinal center of each restricted lane
(seefigure 6-8). The marking isintended to
convey that a restriction on the use of the
lane exists, and it is supplementa to the
sgns or signas conveying the specific
restriction. Signs or signals should be used
with the HOV lane markings.®?

The frequency with which the marking is
placed is amatter for engineering judgement
based on prevailing speed, distance between
interchanges and other considerations
necessary to adequately communicate with
the driver. A spacing of 0.40 km (0.25 mi)
would be appropriate for most freeway
situations, except on crest vertical curves
where a shorter spacing should be used.
Initidly, the markings “CAR” “POOL”
“LANE” may be painted between the
diamond symbols on new projects to
supplement, but not substitute for, the HOV
lane markings. The word markings should
then be allowed to wear out once drivers
become familiar with the facility.®

The striping pattern for the lane line between
the HOV lane and the adjacent mixed-flow
lane should be in accordance with the
MUTCD. ™ Typica HOV lane striping and
pavement marking schemes are shown in
figure 6-9. This figure also provides
examples of signing appropriate for
concurrent HOV lanes.

Enforcement
Goals and Objectives

An objective of enforcement by police
officers on HOV facilitiesis to maintain the
operationa integrity and safety of the facility
for those high occupancy vehicles designated
or authorized to use it. In this regard,
detection and apprehension of violators, and
effective prosecution of violators, are

essential.  Therefore, law enforcement
personnel  with full capability to issue
citations must be employed on HOV
facilities. In addition, police officers help
ensure the safe and efficient operation of the
facility. Depending on the type of facility
and priority users, the potential safety and
operational problems caused by vehicle
breakdowns, wrong way movements and/or
other vehicles encroachments into the HOV
facility may have an adverse impact on
operations and must be a concern of the
enforcement authority.

Table 6-6 summarizes selected goas and
objectives of enforcement personnel, as well
as drategies for implementation and
measures of effectiveness.

A 1988 Texas Transportation Institute study
of the enforcement procedures for HOV
lanes determined the following key concepts
related to effective HOV enforcement: @9

» The level of enforcement needed is
dependent upon facility type. In generdl,
concurrent flow facilities require more
enforcement than do separated roadway
and contraflow facilities.

» To be effective, an officer must have a
safe and convenient place to issue
ctations or warnings. The enforcement
activity should be in view of HOV users
so that they can see when the lane
restrictions are being enforced; however,
it should not interfere with traffic on the
HOV and mixed-flow lanes.

* To preclude high violation rates, a highly
vishble enforcement presence has to be
maintained a a level where potential
violators and legitimate users believe
that violators have little chance to use
the lane without getting caught.
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X Use appropriate numeralto indicate the

HOV number o¢ persons required for a carpool.
LANE
AHEAD
E’th}/E 6AM-9 AM_MON-FRI CARPOOL
AHE AD OR ALTERNATE s X

OR MORE

BUSES AND

PEEESSNS CARPOOLS WITH ey
OR ALTERNATE OR MORE
VEHICLE X
OR ALTERNATE - AN
ENDS

CARPOOL A9 A MON-FRI

IS

X
OR MORE

OR ALTERNATE
CARPOOL IS
X OR MORE X %F;JL’\;‘,ORE
PERSONS BAM TO 6 AM
PER VEHICLE MON-FRI
/4 MILE Yy MILE 800"

CARPOOLS

- T "
}.

|— I- |'— "/’—Shoulder }';‘{'Single 4" yellow line I-
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Figure 6-9. Typical Contiguous Concurrent HOV Lane w/o Buffer Signing and Pavement Markings.®®
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Table 6-6. Goals and Objectives of Enforcement Personnel.

Goal Objectives Strategies Measures of
Effectiveness
Maintain Help minimize delay Strict enforcement of | Violations
operationdl occupancy require-
integrity ments
Minimize violation Clear communication | Violation rates
rates of nature of facility
High vishility of Travel times
enforcement officers
Swift, safe removal of
violators
Maintain safe Minimize accidents Strict enforcement of | Accidents
operation operating rules
Help minimize incident | Clear communication | Accident rates
response and clearance | of nature of facility
times
Swift, safe removal of | Incident response
violators and clearance times

* On limited access facilities, diverting
potentiad violators before they can
traverse some part of an HOV lane can
be safer and more efficient than
apprehending them after the fact.
Whenever possible, enforcement areas
should incorporate this concept.

Methods

Where enforcement is difficult to
accomplish, or perceived as being unsafe,
police may avoid apprehending violators,
resulting in increasing numbers of illega
vehicles using the lane. Where enforcement
has been a problem, 60 percent or more of
the vehicles that used the lanes were
violators. Experience suggests that steady
doses of routine enforcement, combined with
moderate application of special enforcement,

can generally keep violation rates on
exclusve HOV facilities in the 5 to 10
percent range. Heavy, consistent doses of
gpecia enforcement would be necessary to
have violation rates below 5 percent. There
are locations where no amount of
enforcement can bring violation rates to an
acceptable level .19

In some metropolitan areas, programs have
been initiated where motorists can call in to
report HOV facility violators. Appropriate
literature is sent to frequent violators, and
enforcement personnel can make a point of
watching for these vehicles in the HOV lane.
These “so called” HERO programs have
been helpful in reducing violation rates.
Also, a system of video cameras combined
with officer observation may be considered.
Another factor that will have a positive
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Figure 6-10. Median Enforcement Area for Median 6.7 to 8.8 m (22 to 29 ft)
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impact on the violation rate is the cost of the
fine for aviolation. Fines exceeding $250
for first offenders have been used,
significantly lowering the violation rate.

Enforcement Area Design

When totaly new concurrent HOV facilities
are to be built and there is adequate width
for a median 9 m (30 ft) or wider,
congderation should be given to providing a
4.3-m (14-ft), paved median shoulder in both
directions as a continuous enforcement area.
When facilities are operating at high speeds
(81 km/h (50 mi/h) or above), enforcement
officers are uncomfortable having to stop
and approach another stopped vehicle in less
width than this.®®

On other facilitieswhere the median width is
less than 9.2 km/h (30 ft) but equal to or

greater than 6.7 m (22 ft) wide, it is possible
to accommodate enforcement pockets by
narrowing the median shoulder on
aternating sides of the center barrier, which
permits on-line enforcement. Figure 6-10
shows possible designs for enforcement
areas. Closdly spaced raised pavement
markers could be used to provide added
delineation between the enforcement area
and the HOV lane in order to improve safety
of the enforcement area. California, for
example, uses raised pavement markers
spaced out at 1.8 m (6 ft) along the edgeline
to provide an audible warning to those
entering the enforcement area.™”

Where the median width is less than 6.7 m
(22 ft) and enforcement pockets are
required, it will be necessary to shift, in one
or both directions of travel, away from the
centerline in order to obtain the minimum
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width to accommodate a minimum 4.3-m
(24-ft) wide pocket, 0.6-m (2-ft) barrier, and
0.9-m (3-ft) offset to the barrier from the
opposing HOV lane. Tapers for lane shifts
should be 115:1 or greater. Conceptua
design is shown on figure 6-11.

Pockets should be no more than 3.2 to 4.8
km (2 to 3 mi) apart, and should be |located
between interchanges to avoid interference
from interchange structures and aso to
minimize both the digtraction to other drivers
and the lane changes taking place at any one
time. Pockets should be located to provide
minimum sight distance requirements.?

ACCESS
Ramp Connections

Types of ramp connectionsto HOV facilities
include the following:

e Slip Ramps - The at-grade dip ramps
are the easiest and least expensive to
build. An opening large enough for
norma merge/diverge maneuvers is
placed in the barrier. This type of ramp
isusudly from a park-and-ride lot to the
frontage road, the freeway, or the HOV
lane (see figure 6-12). Elevated dip
ramps are aso used in some locations
(seefigure 6-13).

» Flyover Ramps - The second type of
park-and-ride connection is the flyover
ramp (see figure 6-14). This ramp
resembles an elevated freeway ramp,
except that flyover ramps can be either
one- or two-way. The elevated flyover
ramp is directly connected from the
park-and-ride lot to the HOV lane.
Because the flyover ramp does not
create a tee intersection, fewer conflict
points exist.

e Grade Separated Interchanges - Grade
separated  interchanges are  more
expensive than at-grade ramps, but they
provide greater flexibility and movement.
They are basicdly aerial tee intersections
that can be either one or two directional
(see figure 6-15). Acceleration and
deceleration lanes should be included.
Grade separated interchanges alow
vehiclesto travel directly from the park-
and-ride facility to the HOV lane.

Design

The design of access connections depends
on the decision of how to interface high
occupancy vehicles with general purpose
vehicles on and off the freeway."? Severd
options are avalable. One option is to
connect the HOV facility directly to the
freeway with the use of elevated flyover
ramps or at-grade dlip ramps. Another
option isto link the HOV facility directly to
the frontage road or surface street system.
Of course, transition treatments must be
provided in some manner at both ends of the
roadway.

If feasible, the terminal connections to HOV
fadilities from the adjacent freeway mainline
should be made with flyover ramps at both
termina end connections. This allows buses
and other vehicles using the HOV facilities
to exit and enter the freeway mainline on the
right instead of having to enter the inner high
speed lanes. This eliminates the high-speed
lane merge, which isinherently more difficult
to execute, especially for HOV traffic such
as buses and vans. Depending on the
interchange spacing, it could aso eiminate
the need for the HOV sto make several rapid
lane changes in order to access the HOV
lane or exit the freeway.
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Figure 6-11. Median Enforcement Area for Median Less than 6.7 m (22 ft) Wide.®?

Figure 6-12. Slip Ramp. ©
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Figure 6-14. Flyover Ramp.®

Figure 6-16 shows typica flyover ramps
connecting the HOV lanes to the righthand
lanes of the freeway mainline. Where limited
right-of-way and/or high costs prohibit the
use of elevated flyover ramps, at-grade dlip
ramps can be used. At-grade dip ramps are
also appropriate where the HOV facilities
are reversible.  This type of dip ramps
termind is particularly applicable to
temporary or phased HOV lane
implementation. Figure 6-17 illustrates the
genera concept of how an HOV facility with
dip ramps can be incorporated into the
freeway median. Since the HOV lanes
shown arereversible, signing and/or barriers
will be required to eliminate the wrong-way
entry or exit. If traffic patterns warrant,
separated HOV facilities should tie in to the
existing street system within the centra
business district.

Direct ramps from a median HOV facility
may be expensive and result in operational
problems. However, they are preferable to
merging HOV traffic with other freeway
traffic in advance of the central business
district, provided conditions permit. This
concept is shown in figure 6-18 with
connectionsinto surface streets. It may also
be desirable to connect the HOV facility to
the through lanes of the freeway to provide
for the through movement motorist. From
outer areas, connections may be provided
into freeway frontage roads for either

Figure 6-15. Gade Separated
Interchange.®

collection or distribution of high-occupancy
vehicles. Figure 6-19 illustrates the use of
HOV flyover ramps to the freeway frontage
roads. Where the HOV lanes are reversible,
signing and/or barriers will be required to
eliminate the wrong-way entry.

| ntermediate connections to the HOV facility
allow access on and off the facility to the
through lanes of the freeway at critica
locations, transit transfer centers, park-and-
ride lots, and park-and-pool areas. These
connections may be made at-grade with
intermediate dlip ramp openings or by grade
separated interchanges.

All terminal and intermediate access
connections should have high design
standards. Tapers on entrance and exit
ramps should be designed the same as for
other freeway ramps, except that specia
consideration should be given to the
acceleration and deceleration characteristics
of loaded buses. Thisis especidly critica
where ramp grades are significant. Very
long, gradual tapers should be avoided on
exit ramps, as traffic may inadvertently
follow the taper, assuming it is the main
roadway. Ramps that connect to adjacent
facilities or to cross streets should be
designed to the same standards as
comparable facilities that connect freeways
to cross roads.
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HOWV entronce and exit flyover connections from the rnight hand lanes
of the freeway mainline to the freeway madian.

Figure 6-16. Terminal Flyover Connection to Freeway Mainline.*?

HOV entrance ond exit slip romp connections from the high
speed nner lones of the Ireewoy mainline to the treeway mediogn.
Signing/barriers to prevent wrong-way entry or exit inta or from

reversibie HOV focility would be required. impoct Attenuators

el -——
- T OHOV Facilily w— /£
T Tk~ OHOV Facility —— o L —
e S —
T e T T Freewgy Manline T T T T —»
F R A L4 Fd 4

LANE REDUCTION
TRANSITION SIGNING

Figure 6-17. Terminal Slip Ramp Connection.®
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HOV entronce gnd exit connections from the downtown surface street
system to the medion area of the freeway.
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Figure 6-18. Terminal Flyover Connection to Surface Street System.?

Intermediote flyover ramp connections from the Frontage Rooc
system to high occupancy vehicle kanes in the freewoy median

& H © Vv Focility —~—
— e O H O VvV  Facility —

Figure 6-19. Intermediate Flyover to Frontage Road."?
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Ramps are generally designed for speeds
between 0 and 64 km/h (0 and 40 mi/h).
Acceleration and deceleration lanes should
be used for al types of HOV ramps. A
minimum width of 40 m 13 ft) is
recommended for HOV ramps. The
minimum grade is the same as on the HOV
lane, 0.35 percent; the maximum grade,
however, is 8 percent.™  Additional
information is provided in the latest edition
of the Green Book.

PRIORITY ACCESS
Ramp Metering

Ramp meters are installed on freeway
entrance ramps to do the following:

* Maintain uninterrupted, noncongested
flow.

* Increase safety and efficiency by
spreading out platoons of entering
vehicles.

* Reduce congestion at the mainline ramp
merge point.

e Limit amount of traffic entering the
freeway so that demand for any section
does not exceed capacity.

Ramp metering accomplishes these
objectives by means of traffic signals on the
entrance ramps that control the rate at which
vehicles enter the freeway to maintain a
balanced demand-capacity relationship.
Usualy, the rate of entry to the freeway is
adjusted in response to the level of
congestion or capacity avalable on the
freeway. Asfreeway congestion increases,
the rate a which vehicles are allowed to
enter the freeway decreases. Also, excess
freeway vehicular demand is encouraged to
shift to aternative routes, to less congested

time periods, or to HOV modes of
transportation.

Ramp metering provides an opportunity to
give priority trestment to, and encourage the
use of, HOVs. This priority treatment can
be in the form of a bypass of the meter or a
preferential metering rate as compared with
that of the general purpose ramp-metered
lane. These treatments can be used in
conjunction with mainline HOV lanes or
where a freeway management system
maintains an acceptable level of service and
no HOV lanes are provided.

These bypass lanes can be restricted to buses
only or can be made available to all HOVs.
The decison on digibility for use of the
bypass should depend on the goals of the
community, the number and types of vehicles
that will use the bypass, and geometric
conditions at the site affecting enforcement
and operation of the ramp.

Bypass Lanes

The configuration of an HOV bypass lane
can be that of a two-lane entrance ramp
which tapers to a single-lane ramp prior to
the merge with the freeway mainline, or a
separate HOV bypass lane which merges
with the entrance ramp downstream of the
ramp meter. Figure 6-20 shows an example
of the two-lane entrance ramp bypass.

The design of the ramp meter bypass should
be determined by the conditions at each
location. Bypasses should be 3.7 m (12 ft)
wide with full ramp shoulders where
possible, and should extend 91 m (300 ft)
beyond the metering signal to permit HOV's
to merge with normal ramp traffic. The
ramp bypass traffic should merge first with
regular ramp traffic, and then with freeway
traffic.?
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; . T
Figure 6-20. Two-Lane Entrance
Ramp with HOV Bypass. ©

Signs

For the two-lane entrance where one lane is
designed as an HOV bypass lane, signs and
pavement markings need to indicate the use
of the right or left lane as the bypass lane.
Such regulatory signs typically bear the
legend “RIGHT/LEFT LANE BUSES AND
CARPOOLSONLY,” and have the diamond
symbol on the sign. The diamond symbol is
also used as a pavement marking in the
bypass lane. If a separate HOV bypass lane
is constructed, the entrance to the bypass
lane often has a sign installed reading
“BUSES AND CARPOOLS ONLY,” and
the white-on-black diamond symbol.

Markings

Pavement markings have three magor

functions in a ramp metering HOV bypass

installation:

e Indicate to drivers where to stop.

» Guide vehicles to form a single lane if
the ramp begins as two lanes and tapers
to one.

e Indicate the HOV bypass lane.

Ramp meter bypasses may be separated from

the mixed-use lane by solid white pavement
markings 20 cm (8 in) wide or wider.

Diamond symbols should be used at 23 to 31
m (75 to 100 ft) intervals. Word pavement
markings such as “CARPOOL ONLY", or
“BUS ONLY” can aso be used as
appropriate and should be supplemented
with signs.“?

PARK-AND-RIDE FACILITIES

Park-and-ride facilities are an integral part of
a multimodal transportation system. The
purpose of these facilities is to provide a
location for individuals to transfer from a
low-occupancy mode of travel to a high-
occupancy mode of travel. Park-and-ride
facilities are typically provided in
conjunction with transit services.

Most of the HOV facilities in operation
around the country are connected either
directly or indirectly to park-and-ride lots.
For HOV lanes, transfers at park-and-ride
lots are usually made from avehicle to a bus;
however, transfers may also occur from
single-occupancy vehicles to carpools or
vanpools.  Examples of park-and-ride
facilities used with HOV lanes are shown
in figure 6-21.

There are many benefits associated with the
proper use of park-and-ride facilities,
including the following: @©

 Encouragement of wuse of high-
occupancy travel to maximize the
efficiency of the transportation system.

* Improvement in efficiency of trangt
system by providing high-density areas
for transfers and by increasing ridership.

» Assgance with congestion management,
through a reduction in the number of
single-occupancy vehicles on the
freeway.
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Figure 6-21. Park-and-Ride Lots with HOV Lane. ©

* Reduction in energy consumption and air Encourage cooperation among agencies
pollution. involved in developing and operating the
facilities.
The following sections provide discussions
on locating and designing park-and-ride The four general steps in choosing an
facilities. The information in these sections optimum location for a park-and-ride facility
was gathered from severa sources, and the include:
reader is encouraged to refer to these
sources for further information. 6718 « Establishing site selection criteria.
Location of Facilities e ldentifying alternative sites.
Choosing the optimum location for a park- e Evaluating alternative sites.
and-ride facility involves investigating
severa factors. Factors that should be e Determining size of park-and-ride
considered when selecting an appropriate facility.
location for HOV-related park-and-ride
facilities include the following: © Establishment of Site Selection Criteria
e Locate facilities in advance of areas During the site selection process, site
experiencing major traffic congestion. selection criteria must be established. The
criteria should be used both in the initia
e Locate facilities so that drivers have a screening of potentia sites and in the
direct route to the lot. evaluation process. The American
Association of State Highways and Public
e Orient facilities to ensure good Transportation  Officials  (AASHTO)
accessbility and visihility. publication, Guide for the Design of Park-
and-Ride Facilities, provides the following
o Locatefacilities at appropriate distances descriptions for the criteria to be
apart. considered:*”
e Locate at transit stations. e Facility Development Policy. The

park-and-ride facility = development
program may make use of publicly
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owned property, excess right of way, or

property used with the permission of private
owners, that may be used for other
parking purposes. The policy establishes
the guiddinesfor the relative importance
of each type of facility within the
program.

o Site Availability. Thefirst step in the
dte sdlection process is the devel opment
of an inventory of potential sites.

» Site Accessibility. A site must be easily
accessble to commuters and transit
vehicles when trandt service is
anticipated. Park-and-ride facilities that
are inconvenient for potential users will
not, in most cases, be wdll utilized and
so should be avoided.

» Site Visibility. Potential sites should be
vigble from their accessroads. Vighility
of park-and-ride facilities contribute to
the recognition by passing motorists of
their availability. Visbility of a park-
and-ride site is a deterrent to vandalism
and an asset to the security of vehicles.

* Projected Demand. Demand for park-
and-ride space is based on anaysis of
individua travel corridors. The
indicated demand provides a guideline
for the number of potential spaces and
estimated |ot size that must be identified
within each corridor.

e Transit Service Availability. Potential
sites for park-and-ride facilities should
be located aong existing or potential
trangit routes. The potential for transit
service should be considered even at
those lots which are intended for carpool
and van-pool users. If trangit serviceis
to be provided by the loca transt
agency, coordination is a very important
element.

Accessibility to HOV Facilities. Sites
located adjacent to HOV lanes, HOV
priority ramps or other priority facilities
provide benefits to park-and-ride users.
Coordination of the location of park-
and-ride facility sites with HOV facility
development can increase the usefulness,
demand, and efficiency of both facilities.

Development and Operating Costs.
Since most park-and-ride lots do not
collect fees, sites that can be devel oped
economicaly are desirable. Potential
development costs include related non-
gte costs such as added traffic
signalization or intersection
improvement costs. Shared use of a
private facility, church parking lot, mall,
etc., can be afactor in development and
operating costs.

Available User Benefits. Sites that
provide users with the benefits of both
travel time and cost savings are
preferable to those that provide only a
transfer opportunity.

Staged Construction Potential. In
many cases, it may be desirable to test
demand analyss accuracy before
committing funds for larger lots or more
permanent construction. In these cases,
it is desirable to have a site that can be
developed in stages to reduce resource
commitments until space requirements
are veified. Staged construction
potentia is dso desrable when projected
land use development is expected to
generate  additiona  park-and-ride
demand.

Development of Sites in
Environmentally Sensitive Areas.
Specid attention must be given to
consideration of the placement of park-
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and-rides in areas determined to be
especidly environmentally sengitive.

Identification of Alternative Sites

Alternative sites for park-and-ride facilities
can be identified usng any one or a
combination of the following
techniques:*"1®

» Office Survey. The god is to identify
those properties which would most
readily be developed for parking and
which have suitable access.

e Field Observations. Fed
reconnaissance along travel corridorsis
the preferred method of potential site
identification.

» Aerial Photography. Aerid
photographic mapping provides an ideal
means of locating vacant land and
private parking areas that can be easily
related to travel patterns and corridor
routes.

e Local Contacts. District highway
engineers, loca government officials,
law enforcement agencies, trangt
representatives and other local groups
can be used as sources to identify sites
that are suitable for park-and-ride use.

» Inventory Records. Potentia park-and-
ride sites should be documented on an
inventory record form.

Evaluation of Alternatives

Once dternative sites have been selected for
the location of a park-and-ride facility, the
next step is to evaluate the alternatives and
choose the most appropriate location. Many
trangt agencies use some type of form or
check list to evaluate alternative locations.

The AASHTO Guide presents an evaluation
form that includes criteria for establishing a
priority rating system.*” The primary
categories of factors are classified below:

e Location Criteria.
* Site Considerations.
e Economic Considerations.

» Potential User Costs and Time.

The criteriaused in the AASHTO approach
will vary depending upon an agency’s
preference and needs.

Agencies may establish their own evaluation
technigue based on local practice and
available resources; however, the procedure
used should provide a comparative analysis
of each site's potential that results in the
most economica and efficient use of park-
and-ride facility resources. During the site
selection process, loca officials should be
given an opportunity to comment on sites
proposed in their areas.

Determining Size of Facility

Once an ideal location for the park-and-ride
facility has been identified, the next step isto
estimate the parking area required to serve
the estimated demand. Factors affecting the
required size of the lot include the
following:61718)

e Traffic Demand. The major factor
affecting the required size of the parking
facility is the estimated average daily
demand. It isrecommended that the lot
be designed to accommodate at least 10
percent more vehicles than the estimated
average daily demand in order to ensure
that adequate parking spaces are
available on atypical day.*%®
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e Maximum Walking Distance.
Recommended maximum  walking
distances range from 120 to 300 m (400
to 1000 ft); however, maximum walking
digance should not exceed 195 m
(650 ft) whenever possible. Walking
distance can be minimized by moving the
transit station to a central location.
Walking distances longer than 300 m
(1000 ft) may require consideration of
additional transit stations. ¢

e Bus Service. The frequency of buses
using the park-and-ride facility affects
the demand that can be accommodated.
For example, as the headways between
buses decrease, the number of
passengers that can be serviced
increases. The increase in trangt
capacity may increase demand, which
will directly affect the required number
of parking spaces.™®

* Rideshare Use. Park-and-ride facilities
used strictly for rideshare use (eg.,
carpool and vanpool) will not have the
same restrictions as those facilities
accommodating bus service. For
example, maximum walking distance will
not be as big a factor because drivers
will typicaly have a prearranged meeting
location, rather than walking to a central
waiting area.™®

e Access. Inadequate capacity on nearby
roadways and intersections may severely
restrict the volume of traffic that can
enter or leave the lot during a given
time.®

e Land Availability. The size and shape
of a lot may be restricted by land
avallability and/or site development
costs.

Typical Designs

After an appropriate location is selected for
the park-and-ride facility, the next stepisto
design the facility. There are a number of
existing design standards that can be used as
guidelines during the design process. Some
of the better known documents are the
previoudy mentioned FHWA and AASHTO
reports.*” 18

Internal Lot Layout

Park-and-ride facilities that accommodate
bus services encompass design elements for
both parking lots and transit stations.
Elements that need to be addressed in the
design process are discussed below:®

Functional Area Design. The functional
design of a park-and-ride facility should
meet the requirements of user groups with
different access modes. Examples of access
modes that may need to be accommodated
include the following:

e Long-term parking.

e Drop-off (or kiss-and-ride) areas.

e Handicapped parking.

» Bicycleracks.

» Pedestrian walkways.

In addition, facilities that allow parking for
carpooling or vanpooling will need to
provide space accordingly. An example of a

typical layout for a park-and-ride facility is
shown in figure 6-22.
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Figure 6-22. Example of I5ark-and-Ride Layout. ©

Internal Circulation. Park-and-ride lots
should be designed to provide internd

circulation to meet al modes of
transportation and to minimize
pedestrian/vehicle  conflicts. Internd

circulation should provide for safe and
efficient movement of vehicles, buses,
motorcycles, bicycles, and pedestrians.

Amenities. Amenities are elementsthat are
considered to enhance the comfort and
convenience of using a park-and-ride facility.
The number and type of amenities provided
will depend on a number of factors, such as:
type of facility, anticipated use, loca
policies, and avallable funding. Typicd
amenities that may be considered for use at
various park-and-ride facilities include the
following:

* Public telephones.

e Trash receptacles.

e Newspaper vending machines.

e Other vending services.

e Trangt information displays.

e Trangt shelters.

e Seating/benches.

» Bicycle storage facilities.

Pavement and Drainage. Providing
adequate pavement design and ensuring
proper drainage are other objectives that
must be addressed in the design stage. The
pavement design will depend on the
functional area that it will serve. Typica

sources of design guidelines include the
following:
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e AASHTO standards.
e Loca and gtate pavement specifications.
» Agency guidelines.

Landscaping. Using landscaping for park-
and-ride facilities will enhance the
appearance of the facility, which will in turn
improve public acceptance and enhance the
feeling of security. Landscaping should be
designed to be compatible with the type of
facility and the surrounding area. It should
not interfere with sight distance, safe
operation, or access to the facility.
Guidance for landscaping is available in
severa publications, including publications
by AASHTO and Fedea Trangt
Adminigtration (formerly UMTA).(1920)

Lighting. Adequate lighting should be
provided at park-and-ride facilities to
promote safety and security. Factors that
must be considered when designing for
lighting include:

* Typeof lighting.

e Mounting height.

e Spacing of luminaries.
* Intensity of lighting.

Recommendations for designing lighting at
park-and-ride facilities are provided in the
AASHTO Guidelines.®”

Security. An important factor in ensuring
the success of a park-and-ride facility is
providing adequate security. Both personal
safety and automobile security are important
to users of the facility. Measures that are
used to enhance safety and security include:

e Lighting.

e Fencing and gates.

e Security monitoring booths.

» Cameras and surveillance equipment.
e Signing.

e Ensuring adequate visbility from all
parts of the facility.

e Quick removal of graffiti.

Environmental Considerations.  Any
effectsthat a park-and-ride facility will have
on the environment should be considered in
the design process. For example, effects on
air quality can be addressed by minimizing
the number of idling buses and vehicles.
Factors besides air quality that should be
considered include the following:

e Groundwater runoff and water quality.
e Noiseimpacts.

e Visua and traffic impacts.

Roadway Interface

Providing adequate access between a
roadway and a park-and-ride facility is
important to ensure efficient operation of the
facility and to minimize the effects on
surrounding roadways. Both the FHWA
Guidelines ™ and the AASHTO
Guidelines™” provide design
recommendations for interfacing the park-
and-ride facility with the surrounding
roadway. Design issues that are associated
with roadway interface are discussed below.
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General Access and Egress
Considerations. Providing adequate access
and egress for al modes of transportation
should be consdered when designing a park-
and-ride facility. The location of entrances
and exits can be controlled by a number of
factors, including the following:

» Topography.
» Position relative to adjacent roadways.
e Typesof local roadways.

» Typesof traffic control.

Connecting service provided by transit.

Access Points. Another factor that should
be consdered when determining the location
of access points for park-and-ride lots is the
effect on the surrounding transportation
system. To determine the optimum location
of access points, a traffic impact study
should be conducted. The study should
involve determining the current operating
conditions on surrounding roadways and
estimating the effects of different access
points on exigting traffic operations. Factors
that may be investigated in the analysis
include the following:

» Existing roadway capacity.
e Current traffic volumes.
e Norma projected growth.

e Projected growth due to park-and-ride
lot.

e Impact of commercial development that
may occur due to location of |ot.

Access Roadways. On the basis of results
from the traffic impact study, the capacity of

the existing roadways should be analyzed to
determine if they can handle the additional
demand due to the park-and-ride facility.
The analysis should investigate both current
operating conditions and future (projected)
conditions. The outcome of the analysis can
be used to identify any needed improvements
to the surrounding roadways.

Traffic Control Devices and Traffic
Signals. The purpose of traffic control
devices is to improve the safety and
efficiency of traffic operations by providing
guidance to drivers through the use of signs,
signals, and roadway markings. The need
for new traffic control devices, or for
modifications to existing traffic control
devices, should be identified in the traffic
impact study. Guidance on the use of traffic
control devicesis found in the MUTCD.®®

Handicapped Considerations

For park-and-ride facilities, handicapped
consderations must be addressed during the
design process for both the parking and bus
loading area.

Parking

The AASHTO Guidelines contain standards
for providing handicapped parking at park-
and-ride facilities™” Parking-related factors
that must be considered for handicapped
provisonsinclude capacity, location, design,
and signing and marking.

Capacity. Standards for the minimum
number of handicapped parking spaces given
in the Uniform Federal Accessibility
Standards are shown in table 6-7.

Location. Handicapped facilities are to be
designed in accordance with State or local
codes and should be provided at the nearest
possible location to the bus loading zone.
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Table 6-7. Accessability Standards.

Total Parking Spaces

Required Minimum Number of
Handicapped Accessible Spaces

1to 25
26 to 50
51to 75
76 to 100

101 to 150
151 to 200
201 to 300
301 to 400
401 to 500
501 to 1000
Over 1000

OCOoO~NOOUILDS,WN B

2%
20 plus 1 for each 100 over 1000

The facilities should be in accordance with
the following considerations:

o Preferably no access roads or bus lanes
should be crossed by handicapped
patrons en route to the bus loading zone.

e The handicapped patron must never be
forced to travel behind parked cars (in
their circulation path).

» Tofacilitate the movement of physicaly
handicapped patrons, wheelchair ramps
must be provided.

Design. The designer should consider
grading the handicapped parking stall so
that the head of the stall is at the same level
asthe sidewalk and the rear of the stall is at
the appropriate aide grade. Thiswill reduce
the need for depressed curbs, keep the
handicapped patron from crossing any type
of storm drainage, and ssimplify construction
of the handicapped parking area.

Signing and Marking. Appropriate signing
and/or pavement markings should indicate
the restricted use of the space for
handicapped persons. Curbs to and from the

bus loading area should be depressed for
wheelchairs, as dictated by local standards.

Bus Loading Area

The Americans with Disabilities Act (ADA)
of 1990 establishes guidelines for providing
reasonable access to and use of buildings,
facilities, and transportation. All new or
renovated trangit facilities must comply with
the accesshility regulations in the ADA
guidelines. Rules applying to transportation
and transportation facilities are contained in
Transportation for People with
Disabilities.®® The  Americans with
Disabilities Act: Accessibility Guidelines for
Buildings and Facilities, Transportation
Facilities, and Transportation Vehicles
publication, hereafter referred to as the
Guidelines, contains guidelines for meeting

ADA requirements for transit facilities.®
Section 10 is titled *“Transportation
Facilities” and contains guidelines related to
trangit facilities. It also references portions
of section 4 in the Guidelines that relate to
transportation. A TCRP (Transt
Cooperative Research Program) report
discusses information in the Guidelines
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relevant to the design of bus stops®
Another TCRP report presents guidelines on
the design and location of bus stops, and
includes a summary of ADA issues.®

PARKING INCENTIVES

Implementing special parking policies can
provide incentives for commuters to use
high-occupancy modes of travel. For
instance, adopting preferential parking for
carpools and vanpools can increase the
attractiveness of ridesharing. Examples of
parking programs to induce commuters to
use high occupancy vehicles include the
following:®

» Preferential parking.

» Freeor low-cost parking.
» Differential parking rates.
Preferential Parking

Preferential  parking involves providing
specid parking spaces at the final destination
for high-occupancy vehicles. The advantage
of this strategy is that the utilization of
existing parking facilities is increased
without having to add additiona parking
spaces. Preferential parking strategies
include the following:®®

e Guaranteeing spaces for carpools and
vanpools where parking is limited.

e Assgning closest and most convenient
spaces to carpools and vanpools.

e Assigning specific garage spaces to
carpools and vanpools.

Preferentid parking strategies should aso be
considered as a part of new development.
Using these strategies can reduce the parking
requirements by designating parking spaces

for high-occupancy vehicles during the
planning process. This approach alows
developers flexibility in meeting minimum
parking requirements, while increasing
ridesharing.

Free/Low-Cost Parking

Free or low-cost parking is another strategy
that can be implemented to encourage
ridesharing. Using this strategy, carpools
are allowed to park in designated areas for
no cost or for asmall monthly fee. Some of
the parking programs that have been
established around the United States allow
carpools to purchase a permit for a small
monthly fee. The permit alows these
vehicles to park in designated spaces or to
park at metered parking spaces without
paying the standard fee. *®

Differential Parking Rates

Another parking program to increase
ridesharing involves charging commuters a
flexible parking rate based on the number of
occupantsin avehicle. The cost of parking
decreases as the vehicle occupancy
increases. An dternative is to maintain a
congtant parking rate and provide employers
subsidies that vary according to vehicle
occupancy. Anexample of this strategy that
has been used by some private firms is
shown in table 6-8.%°

Benefits of Parking Incentives

Parking incentives have been shown to have
a positive impact on the number of
commuters that choose ridesharing
alternatives. A study conducted in
Washington, DC showed a 20 to 40 percent
increase in commuters who chose to carpool
when parking incentive programs were
adopted. @ A company in Boston,
Massachusetts implemented a parking
program in which the daily parking fee was
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Table 6-8. Example of Differential Parking Rates. ®?

Vehicle Occupancy Percentage of Parking Paid
for by Employer
Single Occupant 0%
Two-Person Carpool 50 %
Three-Person Carpool 100 %
Vanpool 100 %

dropped for vehicles with three or more
occupants. The company reported that at
least 34 percent of their employees shifted to
carpools when this strategy was adopted.®®

Most parking incentive programs are
partialy or wholly subsidized by employers
for a number of reasons, including the
following:®

e A sense of responsbility to promote
energy conservation.

A desire to reduce the costs of
maintaining current parking
arrangements.

e The need to eiminate new parking
construction.

e Improvement in employee morale when
employerstake an active role in reducing
transportation costs for employees.

» Possble favorable media coverage for
participating employers when they are
identified as contributing to energy
conservation, air pollution control, and
reduced traffic congestion.

Barriers to Implementing Parking
Incentives

A criticad barrier that typicaly impedes
implementation of preferentia  parking
strategies is public and business opposition.
Opposition from these groups occurs for the
following reasons.®

e Merchants, employers, and employees
traditionally resist changes in the status
guo.

* Merchants are leery of any changes in
municipal parking supplies that they feel
would reduce their competitive position
with other retailers who offer free
customer parking.

» Employers and employees often resist
changes because parking is part of an
overall benefits package.

» Some executives may fear that they will
lose their parking privileges by adopting
this type of strategy.

There have been some factors, however, that
have influenced officidsin some cities to call
for policies that would enhance the
coordination between traffic demand
management and parking incentives. Factors
to be considered include the following:
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e Auto ownership continues to increase.
Ownership hasincreased at arate of 2.5
times the population growth rate over
the past few years.

e Structure paking is

prohibitively expensive.

becoming

e Metropolitan freeway construction is
extremely expensve and is widdy
perceived to be environmentaly
disruptive.

EMERGING TECHNOLOGIES
Enforcement

The Texas Transportation Institute (TTI), in
a research study sponsored by the Dallas
Area Rapid Transt (DART), Federa
Highway Administration (FHWA), Federd
Transit Administration (FTA), and Texas
Department of Transportation (TXxDOT), is
investigating the use of advanced
technologiesin HOV lane enforcement. The
study is aimed at identifying technologies to
improve the safety and cost-effectiveness of
HOV lane enforcement. The study’s
objective is to identify the most promising
technology and peform a 6-month
operational test on the East R. L. Thornton
(1-30) Contraflow HOV lane in Dallas,
Texas. The results of the operational test
will help DART improve enforcement
procedures in HOV lanesin Dallas.

The enforcement system will perform the
following basic functions: *®

e Collect and transmit video images of
vehicle license plates and vehicle
compartments for all HOV lane usersto
aremote computer workstation.

e Peform automatic license plate
character recognition on the license plate
video image.

e Synchronize captured video images of
vehicle occupants with license plate
numbers.

e Search a license plate database
containing vehicle occupancy histories
and, based upon fallure to meet set
criteria, display the vehicle license plate
number and vehicle compartment images
on a computer monitor for review and
enforcement purposes.

After the equipment is procured and
installed, an operational test will follow to
evaluate and refine the enforcement
procedures. The operationa test is expected
to be concluded by August 1997.

Movable Barrier

The movable concrete barrier system
consists of a barrier transfer vehicle and a
movable concrete barrier (see figure 6-23).
The main advantage of the barrier is its
ability to provide a solid, physical separation
between opposing flows of vehicles. The
movable barrier consists of 0.9 m (3 ft)
concrete segments jointed together by pins.
A specidly designed conveyor system on the
sdlf-propelled transport and transfer machine
(TTM) is used to shift the barrier lateraly
across the roadway (see figure 6-24). The
distance of the shift can vary from 1.2 t0 6.7
m (4 to 22 ft). The T-shaped barrier top is
engaged by conveyor wheels on the TTM.
The barrier is then lifted several inches off
the ground, moved sidewinder fashion
through an elongated S-curve, and
repositioned to form a new lane. Barriers
can be moved at up to 8 km/h (5 mi/h),
depending on the circumstances.®

The use of the movable barrier to create the
HOV laneonthe East R. L. Thornton (RLT)
Freaway in Dalas began in September 1991.
The movable barrier shifts the barrier
agoproximately 6.7m (22 ft) laterdly to
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Figure 6-23. Movable Barrier. ©

Figure 6-24. Movable Barrier Used
in Dallas. ©
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create an extra travel lane for the peak
direction of flow. The implementation of
this HOV lane was accomplished by
narrowing freeway lane widthsto 3.4 m (11
ft) and reducing the inside shoulder of the
freeway in some locations (see figure 6-25).
The contraflow lane is 8.4 km (5.2 mi) long.
The cost to congtruct this contraflow lane (in
1995 dollars) was $15.4 million. In
December 1995, the East RLT HOV lane
served 13,572 daily person trips.®

The second contraflow HOV lane to use a
movable barrier opened in November 1995
on the 1-93 Southeast Expressway in the
Boston metropolitan area. Like the project
in Dallas, the 1-93 contraflow HOV lane is
created by moving a concrete barrier from
the median across one traffic lane to create
an additiond HOV lane in the peak direction
of travel. After six months of operation, the
HQV lane, or zipper laneaslocal commuters
cdl it, has met the operational goals for the
initid phase of the project. 1n 1996, the lane
carried over 14,400 people each weekday.
Concerns expressed about operation during
winter weather were dispelled when the lane
was opened 99 percent of scheduled times
during the snowiest winter in Boston's
history (250 plus cm (100 plusin).®

6.4 LESSONS LEARNED
PLANNING

A planning process that yields information
on the best possible HOV candidates should
be undertaken to ensure an efficient and
effective HOV facility. This can ad in
determining the type of HOV facility needed
and the proper vehicle digibility
requirements. Operational considerations
such as operating periods, digibility, active
traffic management, incident response, and
enforcement should be addressed during the
planning process. When operational issues

are not considered, the end result can be an
HOV facility that is mismanaged, vulnerable
to long periods of nonuse when incidents
occur, and difficult to enforce.®

Fuhs developed a generic process for
evaluating HOV alternatives. ® The four
stages are as follows:

o Stage 1: Conceptual Viability. The
first of the four stages of HOV
development is an evaluation of HOV
conceptual viability, accomplished by
applying aligt of criteria to the candidate
corridor. If the corridor fails to meet
these criteria, it should be excluded from
further consideration, or efforts should
be undertaken to better understand what
may be needed for the criteriato be met.

o Stage 2: Alternative Development.
The second stage involves a more
gualitative and quantitative assessment
of the merits of the candidate corridor
and an identification of the specific types
of HOV designs and operationd
elements that are applicable and feasible.
There is less likelihood that a candidate
corridor will be excluded at this stage;
however, a number of design and
operation aternatives may be created at
this stage that warrant further study. If
this is evident, follow-on studies may
occur here to better assess the relative
merits of each.

» Stage 3: Development of
Recommended Alternative(s). The
third stage involves development of one
or more recommended alternative(s).
This stage focuses on specific design and
operation issues that deserve attention.
Activities include the following:

* Selected dements of preliminary
engineering.
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 Checks for constructibility and
implementation staging.

» Support facilities (park-and-ride
and/or park-and-pool lots, and on-
and off-line bus facilities, etc.).

* ldentification of supporting
programs like ridesharing.

* Implementation phasing.

e Cost estimating and cash flow
analyses.

»  Other corridor-specific issues.

Products from this third stage include an
operation plan and a geometric design
plan.

» Stage 4: Plan Adoption. The fourth
and final stage is formal adoption of the
locd preferred HOV plan. The results of
the HOV planning study are officialy
sanctioned by respective boards,
commissions, or other official bodies,
and an implementation process is
defined. The adopted HOV plan may be
a stand-alone approach or may be one of
a number of other capacity alternatives
(highway or trangit) that are subjected to
dternative and environmental analysis
before being €eligible for design and
construction.

Public and Political Support and
Consensus Building

HOV concepts are often not understood by
the public, politicians, or media. Within the
scope of the planning study, a multiagency
review group (also called an advisory
committee or steering committee) should be
formed. Their role includes the following:

e Technica and policy guidance

» Concurrence powers at magor decision
points.

e Coordination and liaison with othersin
the respective agencies.

» Outreach to greater public participation
efforts as needed.

HOV projects are particularly in need of this
type of oversight, where an ongoing
commitment is needed among a number of
agencies to effectively plan, implement,
operate, enforce, maintain, and modify the
HOV project as necessary to ensure
continued viability. The composition of the
review group may vary during the planning
and implementation process, but a a
minimum, representatives from affected local
agencies, police, the state DOT, and the
FHWA should usualy be involved. If a
project is adopted for implementation, this
group should continue to function through
the design phase, and some semblance of the
group should be named to provide operation
and maintenance overview of the HOV
facility onceit is opened.®

Apart from the multiagency review group,
focus groups composed of loca civic
associations, special interest  groups,
politicians, the media, and others may be
necessary to bring public participation into
the planning process. This process should be
highly structured to keep issues focused.
Appropriate in many areas will be the need
for some public awareness outreach to
market the HOV concept. There are four
steps to an effective public education
program:®

e Information should be disseminated three
to four months prior to the opening of
the project to prepare the public for the
new facility and its regulations.
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e During the first few weeks of project
operation, there should be an intense
public relations effort until users are
familiar with the HOV facility and its
operation.

e As soon as data on project use are
available, they should be presented to the
public to disseminate information about
the positive impacts from the project.

e Thepublic education program should be
continued, as needed, to reinforce an
understanding of concept objectives and
the role of enforcement.

An important lesson that has been learned
from project failures to date is that the public
must be involved and must be able to
understand and appreciate the role that HOV
systems can serve. To this end, any HOV
planning process will necessarily need to be
an information, awareness, and education
process as well.

Public Involvement

Traditiona methods of public notification
and community relations are important to
ganing public acceptance of changes to
transportation services. The public interest,
however, has progressed to a desire to
become directly involved in the initia and
ongoing decisions about service and design.
Public involvement is not public relations.
Public relations strategies attempt to position
an issue, project, or plan in the best possible
light for decison-makers and the public.
Frequently the objective is to gain public
acceptance of a prior decison. Public
involvement, on the other hand, involves the
public in the shaping of policy and project
decisions that affect a community. Public
involvement is best initiated before project
dternatives are developed or decisions
made. Public involvement can be loosaly
divided into four components—data

gathering, public and private
communications, promotion, and
evaluation.®

» Data Gathering.
» Literature Search.
»  Surveys.
» Focus Groups.
» Focused Interviews.
» Public and Private Communications.
»  Kick-Off Briefing.

»  Community/Jurisdiction/Elected
Officia Briefings.

» Public Meetings, Hearings, Open
Houses, Workshops.

* Promotion (Heightening General and

Targeted Awareness).

v

Media Relations.
» Newdletters.
» Speakers Bureau/Public Forums.

» Advertising and Public Service
Announcements.

» Specia Events and Ceremonies.

» Customer Service Representatives
and Other Staff.

o Evauation.

»  Survey.

» Focus Groups.
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» Focused Interviews.

» Public/Private Partnerships.

»  Sponsorships. Corporate & Media.
System Approach to HOV Planning

Most HOV projects have been implemented
on a corridor basis. As such, corridor
planning has been pursued with focused
evaluation on the specific needs and travel
characteristics of the corridor in mind. As
additional corridors have been addressed in
aregion, there has been arecognition of the
need for regionwide system planning, in
which a broader perspective of HOV
applications for a metropolitan area is
studied. There have been few cases where
regional system planning occurred prior to
the study of a particular corridor. Pursuing
a regionwide approach assumes a much
higher level of commitment to the HOV
concept as a valid regionwide option.

Regionwide planning recognizes the
relationships among system elements,
particularly in staging system implementation
to maximize early benefits. Regionwide
issues may influence operation polices in
which the same hours of operation or rules
regarding eigibility are uniformly established
for al projectsin agiven area. This policy
of operation consistency has been adopted
for Orange County, Cdifornia, while the
Seattle and Houston areas have policies
alowing operation policiesto be tailored to
the unique attributes of each corridor. Both
policy approaches can belocally popular and
successful.®

Possible Pitfalls in Implementation
The following are typical issuesto be aware

of and to avoid in the implementation
process.®

Policies and Procedures: Involved
agencies are often unaware of the strings
attached to funding, review, and
approval steps, and the procedures
required for project implementation.
Involved agencies should become
familiar early on with the rules and
policies associated with funding,
programming,