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FOREWORD

This report was a product of the Federal Highway Administration’s Automated
Highway System (AHS) Precursor Systems Analyses (PSA) studies.  The AHS
Program is part of the larger Department of Transportation (DOT) Intelligent
Transportation Systems (ITS) Program and is a multi-year, multi-phase effort to
develop the next major upgrade of our nation’s vehicle-highway system.

The PSA studies were part of an initial Analysis Phase of the AHS Program and were
initiated to identify the high level issues and risks associated with automated highway
systems.  Fifteen interdisciplinary contractor teams were selected to conduct these
studies.  The studies were structured around the following 16 activity areas:

(A) Urban and Rural AHS Comparison, (B) Automated Check-In, (C) Automated
Check-Out, (D) Lateral and Longitudinal Control Analysis, (E) Malfunction
Management and Analysis, (F) Commercial and Transit AHS Analysis, (G)
Comparable Systems Analysis, (H) AHS Roadway Deployment Analysis, (I)
Impact of AHS on Surrounding Non-AHS Roadways, (J) AHS Entry/Exit
Implementation, (K) AHS Roadway Operational Analysis, (L) Vehicle
Operational Analysis, (M) Alternative Propulsion Systems Impact, (N) AHS
Safety Issues, (O) Institutional and Societal Aspects, and (P) Preliminary
Cost/Benefit Factors Analysis.

To provide diverse perspectives, each of these 16 activity areas was studied by at least
three of the contractor teams.  Also, two of the contractor teams studied all 16 activity
areas to provide a synergistic approach to their analyses.  The combination of the
individual activity studies and additional study topics resulted in a total of 69 studies.
Individual reports, such as this one, have been prepared for each of these studies.  In
addition, each of the eight contractor teams that studied more than one activity area
produced a report that summarized all their findings.

Lyle Saxton
Director, Office of Safety and Traffic Operations
Research
and Development

NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange.  The United States Government
assumes no liability for its contents or use thereof.  This report does not constitute a
standard, specification, or regulation.

The United States Government does not endorse products or manufacturers.  Trade and
manufacturers’ names appear in this report only because they are considered essential to
the object of the document.
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VOLUME III   AHS ROADWAY ANALYSIS

Chapter 2  ROADWAY DEPLOYMENT ANALYSIS AND IMPACT OF AHS
ON SURROUNDING ROADS (TASKS H & I)

  1.0 EXECUTIVE SUMMARY

Tasks H and I are reported in a single report chapter because of the high level of
coupling between them.

  1.1 OBJECTIVE

The objectives of these tasks are the following:

• Identify the types of infrastructure configurations which should be deployed.
Representative System Configuration (RSC) definitions are discussed in Volume I.  Since
RSC I1 requires no change to the infrastructure, the studies included RSCs I2 and I3.
RSC definitions are provided in Section 1.3.1.

• Identify examples of Automated Highway System (AHS) deployment in the context of real
case studies and quantify the benefits of these deployment scenarios using measures of
effectiveness such as speed, delay, and throughput.

• Assess the effect of AHS market penetration (MP) on traffic patterns for RSCs I2 and I3
based AHS deployments.

• Assess the effect of traffic pattern changes on non-AHS roadways resulting from AHS
deployment.

  1.2 SUMMARY OF TECHNICAL APPROACH

  1.2.1 Approach

The objectives described above were accomplished as follows:

• AHS roadway design concepts for RSCs I2 and I3 were developed (Section 3.1).  A
physical layout of an AHS system employing these concepts was developed for the Long
Island Expressway (LIE) (Section 3.5).

• Four case studies were developed to assess the performance and potential benefits of
AHS installation.  These included one urban, two suburban, and one rural freeway
(Section 3.2).  Traffic loading and AHS and general lane configurations were developed
for each case study.  The INTEGRATION traffic model was adapted for evaluation
purposes, and the performance of each AHS design was evaluated relative to a baseline
or no build case.  The effects on nearby surface street intersections were evaluated in
some cases (Section 3.2).
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• An existing TRANPLAN traffic model of Long Island was modified to determine the effect
of AHS deployment on areawide traffic.  AHS MP was used as a variable parameter for
this study (Section 3.3).

• The generalized traffic pattern changes on surface streets caused by the introduction of
the AHS were identified.  Conceptual changes in traffic assignment models resulting from
the introduction of AHS use costs to the motorists were identified (Section 3.4).

• Certain AHS control strategies require tight control of vehicles desiring to enter the AHS.
One approach to achieving this merge is to release vehicles desiring AHS access from an
entry queue at the appropriate instant and under automated control.  A study was
performed to determine the queue delays experienced by the motorist and the queue
storage requirements.

  1.2.2 Key Assumptions

Analyses were conducted by making certain assumptions about the AHS.  These
assumptions were used as constraints for the evaluation of a variety of AHS designs.

• The capacity of the AHS lane was assumed to be 5000 vehicles per hour (vehicles/hr)
with a usable capacity of 4500 vehicles/hr.

• All AHS access and egress ramps were assumed to have a capacity of at least 1400
vehicles per hour (vehicles/hr).

• The AHS access transition lane requires approximately 2500 feet.

• The AHS egress transition lane requires approximately 1600 feet.

• For the RSC I3, all AHS ramps enter and exit from and to a service road and/or a general
use lane and/or a separate ramp.  This eliminates the weaving movements of AHS
equipped vehicles that utilize the AHS lane.  Therefore, the AHS ramps can be placed
closer to the traditional on and off-ramps.

• For the RSC I2, the access points to the AHS lane were placed at least 2000-3000 feet
from the preceding on-ramp.  Also, the egress points from the AHS lane were placed at
least 2000-3000 feet from the next off-ramp.  These distances were assumed to
adequately facilitate weaving movements required by AHS equipped vehicles that utilize
the AHS lane.

  1.3 CONCLUSIONS/KEY FINDINGS

  1.3.1 Infrastructure Design

This study concentrated on AHS infrastructure designs which provide separate lanes
for AHS and non-AHS vehicles.  The separate facility provides an environment which
maximizes the constant speed and headway keeping capabilities of AHS vehicles.  To create
separate facilities, RSCs, with respect to the infrastructure, were developed.  The RSCs
developed were termed I2 and I3.  RSC I2 provides for entry and exit to and from the AHS
facility directly from the general use lanes of an expressway mainline.  With the I2 design, the
AHS lane can be physically separated by a barrier, a striped separation a few feet wide, or by
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a continuous transition lane for the length of the AHS lane.  The barrier design is preferable
for safety reasons.  The continuous transition lane option for the RSC I2 design would require
increased right-of-way as compared with the barrier option.  Ingress/egress for the AHS lane
would be allowed at any point.  Finally, for RSC I2, both the transition lane option and the
striped separation option require an impracticable level of enforcement to ensure exclusion of
non-AHS vehicles.  RSC I3 is achieved by providing separate ingress and egress for the AHS
facility.  The RSC I3 design was developed by separating the general use lanes from the AHS
lane using physical barriers and providing AHS access/egress ramps that link directly to
service roads or ramps.

  1.3.2 AHS Performance Evaluation

Evaluation of the implementation of an AHS facility in urban, suburban, and rural
environments provided the following results:

• AHS deployments using RSCs I2 and I3 on congested urban and suburban freeways can
significantly improve speed and travel time on these facilities.  Travel time improvements
of up to 38 percent were obtained for the cases studied.  This is illustrated in Table 2-1.

• Significant travel time improvements on the rural facility were only obtained when the AHS
cruise speed was increased to 80 mph from the 62 mph speed used for the other cases.

• The selection of I2 or I3 AHS lane access techniques is best determined by the AHS
access and egress volume requirements, by the general lane traffic of these locations,
and by the level of service (LOS) on the general lanes.

• AHS deployments using RSCs I2 and I3 on congested urban and suburban freeways may
significantly increase facility capacity to respond to future year demand (Table 2-1).
Depending on the origin-destination (OD) requirements, the capacity of the remaining
general lanes rather than the AHS lanes may limit capacity.
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• In areas which experience traffic congestion, such as Long Island, high levels of AHS
utilization are obtained based on RSCs I2 and I3 type facilities at relatively low levels of
AHS MP (15-25 percent).

• In congestion prone areas, the AHS may generate significant changes in the utilization of
parallel facilities located several miles away from the AHS.  However, as MP increases, as
was evident on Long Island, the attraction of the AHS facility to distant parallel roadways
decreases, and total vehicle-miles traveled (VMT) in the study area decreases.

• The need to access the AHS will, in many cases, cause saturation of surface street
intersections.  Geometric improvements and signal timing changes will be commonly
required.

• Certain AHS control strategies call for queuing vehicles at AHS entry points (auxiliary
lanes in the I2 configuration and ramps in the I3 configuration).  Properly managed AHS
traffic maintains queue delays and queue lengths at acceptable values.

• The attraction of the AHS facility in congestion prone areas results not only from increased
capacity, but also, because of the facility’s ability to sustain a constant comfortably high
speed of 60 mph at increased volume.

• An AHS facility on a congested urban or suburban freeway might tend to reduce the total
travel time vehicle-hours in comparison to comparable non-AHS facilities, while satisfying
the trip demand.  This finding, however, must be tested further using a more precise
modeling technique.
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  1.4 RECOMMENDATIONS FOR FUTURE RESEARCH

  1.4.1 Roadway Configuration

A number of different design alternatives are possible for RSC I2.  These include:

• Continuous transition lane and continuous entry/exit versus entry/exit at discrete locations.

• Provision and configuration of an AHS breakdown lane or shoulder.

• Physical barriers versus striping.

These alternatives have an important influence on the AHS physical design and right-
of-way requirements.  The selection of the alternatives is, however, largely dependent on
safety issues, longitudinal control issues, and entry/exit issues.  Although these issues are
discussed under the separate tasks, their resolution is key to roadway design.

  1.4.2 Modeling and Simulation

Existing models enable studies to be carried out at the following levels:

• Area Wide Level

• AHS Network Design Level

• Microscopic Level

This task utilized models at the first two levels.  Sections 1.4.2.1 and 1.4.2.2 describe
ways in which models at these levels should be used to improve AHS deployment studies.

  1.4.2.1 Area Wide Level

This level is useful for establishing the “catchment area” for AHS and the effect on
non-AHS roadways.  The TRANPLAN model was used for this purpose in the study.  These
models are generally based on the use of trip generation and trip assignment on a daily
average (or other average) basis.  The model is generally developed on an area wide basis.
The model does not provide for discrete placement of traffic controls; thus, it is most useful to
establish general trip patterns, not to study detailed implementations.  Limitations which were
encountered included the following:

• It is not feasible to convert the daily model to a peak hour model.  This strongly limits the
ability of the model to generate trip demand and trip tables for the AHS Network Design
(Section 1.4.2.2) which can be used during peak periods and various other periods.

• TRANPLAN has no current capability to model different AHS MP at different locations or
at different distances from the AHS.  The modeling effort for this study assumed a
constant level of MP for the entire area.
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• TRANPLAN has no capability to model trip based AHS user costs (tolls).

It is recommended that the investigation of a model which corrects these deficiencies
be considered.

  

  1.4.2.2 AHS Network Design Level

While the area wide modeling level described in Section 1.4.2.1 is useful to identify
large scale impacts, a more detailed level is required for the following purposes:

• AHS network design

• Assessment of traffic flows on the AHS and on nearby non AHS roadways

• Assessment of traffic impacts as a function of time of day

Case studies were conducted at this level by using the INTEGRATION model.  This
level is intended to model the AHS network (AHS roadways and non-AHS roadways which
are significantly affected by AHS traffic).  The intent is not to model on a microscopic basis but
rather to establish the network traffic flows, identify flow problems, and obtain the
performance characteristics for different design alternatives.  INTEGRATION was designed
for modeling highways.  AHS lanes, ramps, and traffic flows were modeled by adapting the
freeway and ramp flow characteristics to the approximate characteristics of the AHS, but this
could only be accomplished imperfectly.  AHS flow characteristics which could be adapted to
the specific design would have been preferred.

  1.4.3 Development of a Methodology to Determine AHS Entry and Exit Locations

The development of entry and exit locations for the three urban scenarios was
performed by considering entry and exit volumes together with OD characteristics.  With the
possibility of using either RSC I2 or I3 access configurations, a large number of designs are
possible.  Several design combinations were heuristically developed for each case study, and
the preferred approach was selected.

It is recommended that research be considered to develop a more structured
methodology.  Such a methodology might use a combination of data based and rule based
techniques.

  2.0 INTRODUCTION

  2.1 FUNCTION OF ACTIVITY AREA AND PURPOSE OF EFFORT

The objectives of these tasks are the following:
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• Identify the types of RSCs I2 and I3 AHS deployments which might be used.  RSC
definitions are discussed in Volume I.

• Identify examples of these AHS deployments in the context of real case studies and
quantify the benefits of these deployments using measures of effectiveness such as
speed, delay, and throughput.

• Assess the effect of AHS market penetration (MP) on traffic patterns for RSCs I2 and I3
based AHS deployments.

• Assess the effect of traffic pattern changes on non-AHS roadways resulting from AHS
deployment.

  2.2 ISSUES ADDRESSED AND TECHNICAL APPROACH

The objectives described in Section 2.1 were accomplished as follows:

• AHS roadway design concepts for RSCs I2 and I3 were developed (Section 3.1).  A
physical layout of an AHS along with the freeway general lanes and ramp connections
was developed for the LIE (Section 3.5).

• Four case studies were performed which represent a spectrum of urban, suburban and
rural AHS deployments.  Traffic loading and AHS deployment scenarios were developed
for each case.  The INTEGRATION traffic model was adapted for evaluation purposes
and the performance of each scenario was evaluated relative to a baseline or no build
case.  The effect on nearby surface street intersections was evaluated in some cases
(Section 3.2).

• The effect of AHS deployment on areawide traffic was studied using the TRANPLAN
model.  AHS MP was used as a variable parameter for this study (Section 3.3).

• The generalized traffic pattern changes on surface streets caused by the introduction of
the AHS were identified.  Conceptual changes in traffic assignment models resulting from
the introduction of AHS use costs to the motorist were identified (Section 3.4).

• Certain AHS control strategies require tight control of vehicles desiring to enter the AHS.
One approach to achieving this merge is to release vehicles desiring AHS access from an
entry queue at the appropriate instant, and under automated control.  A study was
performed to determine the queue delays experienced by the motorist and the queue
storage requirements.

  2.3 GUIDING ASSUMPTIONS

The assumptions and study limitations are discussed under each of the technical topic
areas.  The assumptions for the scenarios for each of the case studies (Section 3.2) are
described in detail for each case study.  In general they include:

• Base year highway configuration.

• Base year traffic demand volume set.

• Number of AHS lanes to be studied.
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• Number of general use freeway lanes to be retained in the overall AHS highway
configuration.

• Location of AHS access and egress points.

• AHS access and egress configuration (RSC I2 or I3) for each location.

• Assumptions in the adaptation of the INTEGRATION model for AHS modeling purposes.

• AHS capacity and mainline speed.

• General freeway lane traffic flow characteristics.

  3.1 FUNCTIONAL REQUIREMENTS FOR RSC I2 AND I3 ROADWAY 
CONFIGURATION USED IN SCENARIO EVALUATIONS

  3.1.1 AHS Roadway Cross Section Analysis

The roadway cross-sections developed for the AHS scenarios were evaluated
considering safety and compatibility to AHS operations.  The cross-sections deemed to be the
most appropriate are illustrated in Figures 2-1 and 2-2.  Therefore, RSCs I2 and I3 were
designed to reflect these design options.  Both options require the physical separation of the
AHS lane from the general use lanes to reduce potential conflict between AHS and non-AHS
vehicles.  The Figure 2-2 option could be used for short sections where right-of-way is
exceptionally difficult to obtain.  The Figure 2-3 option also provides for the physical
separation of AHS and non-AHS vehicles.  The shared shoulder allows for the storage and
retrieval of disabled vehicles in both directions.  A sophisticated level of AHS control is
required to avoid serious conflicts resulting from the bi-directional use of the shoulder.  Also,
consideration of an alternating shoulder is another viable option as illustrated in Figure 2-4.
However, the alternating shoulder option was not considered further at this time.

The continuous transition lane option (Figures 2-5 to 2-7) was not selected for the
RSC I2 because of the safety implications of violation by non-AHS vehicles and the additional
right-of-way requirements.  Also, controlling access to and egress from the AHS lane would
be difficult if these operations are allowed at any
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LANE
SHLDR SHLDR

This typical section shows R.O.W
requirements of a freeway with
one automated lane. A barrier
is utilized to separate the
automated lane from the general
use lanes. A 10'-0" shoulder is
located next to the automated
lane.  This illustrates RSC I3

ADVANTAGES

DISADVANTAGES

1) Barrier could provide additional focal point for machine

vision or magnetic sensors.
2) Barrier provides physical separation of the automated

lane from the general use lanes. This reduces the

possibility of adverse traffic operations on the general

use lanes impacting on the automated lane.

1) Would require additional R.O.W. at the access/egress

points.

3) Barrier, also, contributes to the percieved safety of

the automated lane.

5) Provides a means of coordinating access/egress to

and from the automated lane. This limits automated

lane interruptions to specific points.

or I2 with barrier option.

ADVANTAGES (continued)

4) Requires approximately 7' less R.O.W. than the comparable

transition lane option with 10'-0" shoulder.

Figure 2-1.  Typical Section RSC I3 or I2 with Barrier and Shoulder Options
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2) Vehicle breakdown on the automated lane would
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transition lane option with no

Figure 2-2.  Typical Section RSC I3 or I2 with Barrier
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4) An errand vehicle from the automated lane could

the shoulder and cause a head on collision without

presence of a

RSC I3 or I2 with barrier

4) Requires approximately 7'-6" less R.O.W. than the

comparable transition lane option with 10'-0"

ADVANTAGES

Figure 2-3.  Typical Section RSC I3 or I2 with Barrier and Shared Shoulder
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Figure 2-4.  Illustration of RSC I3 or I2 with Barrier and Alternating Shoulder
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automated lane.  This

ADVANTAGE DISADVANTAGE

1) The lack of physical separation of the automated

from the general use lanes could result in

1) Access to and egress from the automated lane does

require additional R.O.W. since these operations
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general use lane utilizing the transition lane as

2) The transition lane is essentially a zero capacity
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Figure 2-5.  Typical Section RSC I2 with Transition Lane and Shoulder
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requirements of a freeway

one automated lane. A

lane is utilized for the

of the automated lane. There

no shoulder next to the

lane.  This illustrates an RSC

ADVANTAGE DISADVANTAGE

1) The lack of physical separation of the automated

from the general use lanes could result in

use of the automated lane. This could result in

1) Access to and egress from the automated lane does

2) The transition lane is essentially a zero capacity
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lane closure or a difficult maneuver around the
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Figure 2-6.  Typical Section RSC I2 with Transition Lane and no Shoulder
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is an illustration of an RSC

option.
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Figure 2-7.  Typical Section RSC I2 with Transition Lane and Shared Shoulder
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point.  Therefore, although this may be a viable option, efforts to analyze the safety, right-of-
way, and access/egress methods were deemed beyond the scope of this effort.

A striped separation for the RSC I2 as illustrated in Figure 2-8 is currently utilized by
the High Occupancy Vehicle (HOV) facility on a segment of the LIE.  However, in ride-through
observations of this HOV facility during off-peak hours, numerous violations of the striped
buffer separations were observed.  Therefore, in considering the impact on safety of violations
of this type on an AHS facility, it was concluded that this option may require an impractical
level of enforcement to deter violators.

  3.1.2 AHS Roadway Layout Analysis

RSCs I2 and I3 refer to the infrastructure requirements incorporated in a given AHS
system.  The level of infrastructure complexity increases from I2 to I3.
RSC I2 refers to access and egress to and from the AHS lane directly from the general use
lanes.  As illustrated in Figure 2-9, the I2 scenario can possess barriers.  The I3 scenario
refers to an AHS infrastructure that is totally separate from the traditional roadway system.
The I3 infrastructure is achieved by providing separate access and egress to and from the
AHS facility which is kept separate from the traditional roadway.  This could be achieved by
utilizing barriers to separate AHS lanes from the general lanes and providing ramps to
connect directly to service roads or ramps.

Check-in and check-out procedures will be required under both RSCs I2 and I3.  The
check-in procedure will assure that all the required equipment for operating on the exclusive
AHS lane is functional and that the driver is capable of operating in the AHS environment.
The check-out procedure will be used to verify that the driver is capable of assuming manual
control of the vehicle prior to exit from the AHS environment.

An area of each AHS entry ramp, estimated to be 200-300 feet in length, whether for
the I2 or I3 RSC, will be dedicated for vehicle check-in.  Vehicle check-in is expected to be
accomplished while vehicles are in motion.  Vehicles that do not meet the check-in
requirements will not be permitted onto the AHS facility and will be directed back onto the
general use lanes in the I2 scenario (Figure 2-10) or the local roadway the vehicle entered the
ramp from.

The AHS check-out procedure will occur upstream of the AHS exit point.  If the
vehicles fail the check-out procedure, (i.e. the driver is unable to resume manual control) the
vehicle must exit the AHS lane and be brought to a safe stop at a designated storage
location.  With the I2 configuration, the storage area may be a shoulder.  With the I3
configuration, the storage area is more likely to be a separate parking area.
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Figure 2-8.  Typical Section RSC I2 with Buffer Zone and Shoulder
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  3.1.3 Assumptions

Analyses were conducted by making certain assumptions about an AHS.  These
assumptions were used as constraints for the layout and capacity of the AHS.

  3.1.3.1 Assumptions for RSC I2 with the Barrier Option

• The access points to the AHS lane were placed at least 2000-3000 feet from the
preceding on-ramp.  This distance was assumed to adequately facilitate weaving
movements required by AHS equipped vehicles from the on-ramp to the AHS lane access
point.

• The egress point from the AHS lane were placed at least 2000-3000 feet from the next
off-ramp.  This distance was assumed to adequately facilitate weaving movements
required by vehicles from the AHS lane to the off-ramp.

• The length of the access ramps were assumed to be approximately 2500 feet.

• The capacity of the AHS lane was assumed to be 5000 vehicles per hour (vehicles/hr)
with a usable capacity of 4500 vehicles/hr.

• All AHS access and egress ramps were assumed to have a capacity of at least 1400
vehicles per hour (vehicles/hr).

• The AHS egress transition lane would be approximately 1600 feet long.

  3.1.3.2 Scenario Assumptions for I3 RSC

 

• The length of the access ramps were assumed to be approximately 2500 feet.

• The capacity of the AHS lane was assumed to be 5000 vehicles per hour (vehicles/hr)
with a usable capacity of 4500 vehicles/hr.

• All AHS access and egress ramps were assumed to have a capacity of at least 1400
vehicles per hour (vehicles/hr).

• All AHS ramps enter and exit from and to a service road and/or a general use lane and/or
a separate ramp.

• The AHS ramps which enter and exit the general use lanes utilize the right side of the
roadway, eliminating weaving across the general use lanes to and from the traditional on
and off-ramps.  Therefore, the AHS ramps could be placed closer to the traditional on and
off-ramps.

  3.2 CASE STUDIES PERFORMANCE EVALUATION

The objective of this activity is to develop a comparison of the performance capability
of AHS facilities with conventional freeways in a real world setting.  To this end, four cases
were studied, one urban, two suburban, and one rural.  They are as follows:
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• Long Island Area - I-495 EB from Cross Island Parkway to NY 135 (Seaford Oyster Bay
Expressway).  This is a suburban case study.

• Boston Area - I-93 NB from Rt. 128/Rt. 3 to Exit 18 (Southampton St.).  This is primarily
an urban case study.

• Suburban Washington, D.C. - Capital Beltway I-495 WB from I-95 to I-270.  This is a
suburban case study.

• New York State Thruway - NB section from Harriman (Exit 16) to New Paltz (Exit 18).
This is a rural case study.

 
The general approach was to define a no build or baseline condition and one or more

AHS designs typified by RSCs I2 and I3 roadway configurations.  AHS entry and exit
locations were selected heuristically based on origin-destination (OD) trip table demands.
The selection of the AHS access technique (RSC I2 or I3) depended primarily on the ramp
volumes involved, with I2 configurations being used at low volume locations and I3
configurations at high volume locations.

The INTEGRATION model was adapted to model the AHS, conventional freeway
lanes, and ramps.  A peak hour volume profile was generated and was varied in a downward
direction to assess the AHS performance capability in off peak traffic situations.  It was also
varied in an upward direction to assess the effects of future year demands, and to try to
determine the limits of AHS lane performance.

In the case of the three urban/suburban scenarios, the baseline highway configuration
was adapted for AHS by keeping the total number of functional lanes (AHS and general
freeway lanes) approximately constant.  The AHS construction, in general requires additional
pavement width for auxiliary lanes, barriers, and AHS shoulders.

In the case of the rural scenario, an AHS lane was added to the current two lane
northbound highway section.

Table 2-1 Section 1.3.2 summarizes the results of the evaluation studies.  The urban
and suburban cases show that the AHS lane provides considerable improvement in speed
and travel time.  It also enables the highway to provide additional capacity in terms of vehicle-
miles traveled (VMT) during the peak hour.  In some cases it provides considerable potential
to handle increased traffic demand.

Because the current speeds in the rural sections are high and capacity is generally
sufficient, no significant performance gains with AHS are achievable unless the AHS mainline
speed is raised significantly.

The following subsections describe the individual case studies.

  

  3.2.1 Long Island Expressway Case Study

  3.2.1.1 Scenario Description and Study Methodology
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The purpose of this study was to determine the impact of implementing an AHS on
Long Island.  The study area extended along the LIE from Cross Island parkway in the west
to Seaford Oyster Bay in the east.  This area is illustrated in Figure 2-11, and only traffic flow
in the eastbound direction was investigated.

The traffic volume data was developed from the LIE TRANPLAN and Market
Penetration Study (Section 3.3).  That study provided daily traffic volumes for the year 2015
on the LIE.  These volumes were reduced to peak hour volume by factoring the daily traffic
volumes in the study area.  The conversion factor was developed from New York State
Department of Transportation ground counts which provide the peak hour to daily volume
relationship for the study area.

Additional assumptions for the study are as follows:

• Baseline

- Future LIE with four general lanes.  Note that the current Expressway
is comprised of three general lanes in each direction.

• AHS implementation

- Two AHS implementations were studied for the I2 scenario.  One 
consists of one AHS lane and two general lanes while the other is
comprised of one AHS lane and three general lanes.

• AHS Market Penetration - 100 percent.

• AHS ramp configurations shown in Figures 2-12 and 2-13.

• Entry characteristics

- I2 scenario - consists of one I3 AHS ramp and I2 configurations for the
remaining ramps (Figure 2-12).
- I3 scenario - Combination of I2 and I3 AHS ramps (Figure 2-13).
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Figure 2-11.  LIE Four Lane Baseline
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Figure 2-12.  LIE (I-495) RSC I2
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The general characteristics of the scenario are described in Table 2-2.  The volumes
generated from the LIE TRANPLAN Study were factored as described.  OD trip tables
required by the INTEGRATION model were generated by the QUEENSOD model (Appendix
E).  The link characteristics and the results of the through link operations are tabulated in
Appendix A.

AHS lane assignments were made by assuming that AHS equipped vehicles would
utilize the AHS lane at the earliest opportunity if individual trip origins and destinations were
compatible with the design configuration utilized.

  3.2.1.2 Results

The throughput graphs (Figure 2-14) were obtained by running INTEGRATION with
60, 70, 80, 90 and 100 percent of the year 2015 peak hour volumes.  The model was run for
the four lane baseline and the I2 configurations using both two general lanes and three
general lanes with one AHS lane.  Table 2-3 is a tabulation of the results.

The results show that the configuration using only two general lanes under-performed
the baseline because of insufficient capacity on the general lanes.  When this deficiency is
corrected by the addition of a general lane, the performance of the AHS based system
exceeds the baseline configuration.

  3.2.2 Boston I-93 Case Study

  3.2.2.1 Description of Location

The site for this scenario is a northbound section of I-93 south of the Boston Central
Business District (CBD) (Figure 2-15).  The existing Boston I-93 (Southeast Expressway) is an
urban expressway with four lanes in each direction with a 55 mph speed limit.  Most of the
traffic on I-93 is bound for the Boston CBD or Outer Business District (OBD).  It mainly serves
commuters.  During morning peak hours and afternoon peak hours, certain sections of I-93
are highly congested, with volumes close to 8600 vehicles/hr.

The scenario site begins at the merge of Rt. 128 and Rt. 3 and continues to Exit 16, a
distance of approximate 8.1 miles.  There are total of 12 northbound ramps in the study
section, of which five are on-ramps and seven are off-ramps (Figure 2-16).  Along this section
of expressway, there are approximately twenty surface street intersections which are directly
or indirectly impacted by ramp volumes.  Figure 2-17 shows the current traffic flows.
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        Table 2-3.
      Long Island Expressway Four Lane and AHS Facilities Performance Comparison

                           For Different Traffic Volumes

             Percentage of 2015 AHS Volumes
MOE Facility  60% 70%  80%  90%  100%

Four Lane 49 47.2 43.5 36 32.3
Speed

AHS(RSC I2)* 50.3 46.6 41.6 37.9 35.4
 (Mile/Hr)

AHS(RSC I2)** 52.8 51.6 50.3 49.1 44.7
Vehicle Four Lane 71850 84889 94803 98028 99066
Miles

Traveled AHS(RSC I2)* 65396 75698 80914 85090 88636
 (Veh-Mi)

AHS(RSC I2)** 65707 76924 87408 98001 106921
Four Lane 1440 1778 2144 2713 3037

Vehicle
Hours AHS(RSC I2)* 1271 1604 1922 2192 2469

 (Veh-Hr)
AHS(RSC I2)** 1217 1453 1681 1948 2315

NOTE:

Speed is the average speed of the network.
Veh-Mi is calculated based on through volume.
Veh-Hr is calculated based on through volume.
*  One AHS lane two general use lanes
**  One AHS lane and three general use lanes
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Figure 2-16.   Boston I-93 Southeast Expressway Existing Configuration (NB)
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  3.2.2.2 Scenario Discussion

The AHS facility designed for I-93 consists of two AHS lanes and two general use lanes along
with six AHS ramps.  The existing available space as well as traffic volumes played a
significant role in determining the AHS lane
configuration and ramp locations.  Table 2-4 summarizes the general scenario characteristics.

Determination of whether RSC I2 or I3 ramp configurations were to be used was
based on both the volume anticipated to utilize the AHS ramp and the through volume on
general use lanes.  For example, at Neponset Avenue the AHS ramp volume was anticipated
to be 1090 vehicles/hr. while the general use lane through volume was 1340 vehicles/hr.
Thus, use of an I3 ramp avoids a great deal of vehicle weaving.  At Exit 9 the demand
consists of only 400 through vehicles and 180 ramp vehicles, thus, an I2 entry ramp was
applied.  Figure 2-18 shows the AHS interchange configurations deployed.

The AHS traffic assignment was based on two assumptions:

• Vehicles whose destinations were beyond Exit 16 will use AHS lanes.

• Vehicles destined to travel a distance of at least two AHS exit ramps from the AHS entry
point will use the AHS lanes.

These two assumptions eliminated short trips on AHS lanes, while still assigning most
of the traffic to AHS lanes and thereby preserving a high speed general use lane.  Figure 2-19
shows the network loading resulting from these assumptions.  The volume on the AHS lanes
after Neponset Ave. is 8920 vehicles/hr. which is close to capacity.  However, general through
lane volume is only 1340 vehicles/hr. at this point.

Evaluation of this scenario was done by running the INTEGRATION Model (Appendix
E).  The smooth merge was simulated with the INTEGRATION Model by setting the capacity
at the merge point to be larger than the volume of the two AHS lanes.  Since INTEGRATION
uses conventional traffic flow models, these steps must be taken to provide for a smooth
flowing AHS lane.
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Figure 2-18.   Boston I-93 Southeast Expressway  AHS Configuration (NB)
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  3.2.2.3 Results

The throughput graph (Figure 2-20) was obtained by running INTEGRATION with 40,
60, 80, 85, 90, 95, 100, 110, 115, and 120 percent of the existing peak hour volume for both
existing and AHS facilities.  While the traffic volume was below 80 percent of existing volume,
average speed on the combined AHS lane and general use lane facility in terms of (veh-
mi/hr)/(veh-hrs/hr), was the same as the baseline (no build) case.  Delay on the existing I-93
network started at 90 percent of existing peak hour volume.  Between 95 percent to 120
percent of existing peak hour volume, the existing network had no increase in veh-mi/hr
traveled, but veh-hrs/hr increased by almost 600 due to saturated conditions.  The combined
AHS and general use lane facility throughput line preserved a constant slope from 0 to 120
percent of present volume.  This illustrates the ability of the combined AHS and general use
lane facility to serve up to 120 percent of existing peak hour volume, with no delay to through
traffic on either the AHS or general use lanes.  From the performance comparison chart
(Table 2-5), the average speed on the existing network decreased from free flow speed to 30
mi/hr when 120 percent of existing volume attempts to utilize the facility.  In contrast, the AHS
network experiences almost no speed reduction.

In addition to the AHS network discussed, an AHS network with all six ramps
configured as I3 entry/exit points was also simulated.  The results indicated that using all I3
configurations increased the network average speed by approximately 0.5 mi/hr due to the
improvement of the merges and diverges from the general lanes.  Since the deployment in
Figure 2-18 has already implemented I3 ramps in the most useful locations, implementing the
remaining ramps as I3 is only of marginal value.

Selected surface street intersections were analyzed by Highway Capacity manual
techniques using a computer program (HCSII) based on turning movement count
observations made during the study.  The results indicated that many of the intersections
were not operating at good levels of service (LOSs) with existing turning movement volumes.
Each intersection had at least one approach at a LOS below C.  When 120 percent of current
volume was modeled for the AHS scenario, the additional surface street traffic resulting from
increased AHS capacity resulted in LOS of F at certain intersections.  The signalized
intersection at the off-ramp at Exit 9 dropped from existing LOS D to F (Figure 2-21).  Both
geometric improvement and signal retiming would be necessary to accommodate the
increased volumes for this intersection.  Figure 2-22 shows additional examples of
performance degradation resulting from AHS volumes.

Appendix B contains additional details of the scenario and results.
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       Table 2-5.
       Existing and AHS Facilities Performance Comparison

          For Different Traffic Volumes

             Percentage Of Existing Volume
MOE Facility  40%  60%  80%  85%  90%  95%  100%  110%  115%  120%

Speed Existing 62 61 60 59 58 53 45 36 34 33.5
 (Miles/Hr)

AHS 60 60 59 59 59 59 59 58 58 58
VMT Existing 22106 33199 44208 46901 49442 51623 52126 52011 51770 51642

 (Veh-Miles)
AHS 22029 33890 44778 47667 50504 53199 55988 61780 64445 67343

Veh Time Existing 357 540.4 734.3 788.1 846 957.4 1143.4 1426.3 1511 1542
Travel

 (Veh-Hr) AHS 360.3 550.4 734 782 829.2 874 921.2 1022 1068.4 1123.5

NOTE:

    Speed is the average speed of the network.
    VMT is calculated base on the through volume.
    Vehicle time travel is calculated base on the through volume.
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3.2.3 Capital Beltway I-495 Case Study

  3.2.3.1 Scenario Description and Study Methodology

The purpose of this study was to determine the impact of implementing an AHS on the
Capital Beltway (I-495).  The study area extended along the Capital Beltway from I-95 in the
east to I-270 in the west.  This area is illustrated in Figures 2-23 and 2-24.

The traffic volume data was developed from Maryland State Highway Administration
traffic counts.  Traffic counts were provided for the Capital
Beltway ramps in the study for the period May to June 1992.  A mainline traffic
count 0.7 miles west of New Hampshire Ave. was also provided.  Continuous mainline traffic
flow volumes were calculated using the single mainline count and adding on-ramp volumes
and subtracting off-ramp volumes at appropriate points along the study area.  Roadway
characteristics were obtained by on-site visits and video tape analysis of the study area.

The general characteristics of the scenario are described in Table 2-6.  Current peak
hour volume characteristics are shown in Figure 2-25.  The volumes for the general use lanes
and the AHS lane after AHS implementation are shown in Figure 2-26.

AHS lane assignments were made by assuming that AHS equipped vehicles (50
percent of the entering vehicles in this case) would utilize the AHS lane at the earliest
opportunity if individual trip origins and destinations were compatible with the design
configuration utilized.

Appendix C provides detailed characteristics of the scenario.

  3.2.3.2 Results

Figure 2-27 presents a graphical comparison of throughput performance on the
Capital Beltway with an AHS lane and one less general use lane versus the existing
conditions.  The comparison is performed over a range of traffic volumes from 5 percent of
current peak hour traffic to 110 percent.  Table 2-7 presents the same information in tabular
form.  Table 2-8 compares the volume of traffic that can utilize the facility if the trip demand is
110 percent of the existing demand.  A comparison of the total through volume on the  AHS
facility and the through volume on the existing facility indicates that the existing facility does
not satisfy the demand for this condition, but that the AHS facility (AHS lanes and general
lanes) can satisfy this demand.
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The existing facility operates at a lower speed than the AHS facility from 70 percent of
existing volume to 110 percent of existing volume.  The total VMT by the AHS facility
increases linearly while maintaining an optimal average speed.  However, on the existing
facility, demand in excess of 80 percent of the existing demand causes the average speed to
decrease if additional OD demands are made on the facility.

Because the throughput for the combined AHS/freeway facility is higher than for the
baseline freeway facility for demands greater than 80 percent of current peak period volumes,
the off-ramp volumes for the AHS facility will be greater for these conditions.  Except for the
Rockville Pike off-ramp, the average
speeds observed on the off-ramps were the same for both the existing and the AHS facility.

The AHS egress ramp at Connecticut Ave. flows southbound.  This ramp removes
some traffic which currently turns left at the Connecticut Ave. traffic signal and travels
southbound.  Removal of this traffic results in faster average speeds on the roadways near
the traffic signal.

The AHS design concept utilized for the Capital Beltway scenario will provide
additional capacity for the through traffic.  The trip patterns are sufficiently long to enable this
additional capacity to be utilized by this particular AHS scenario.  The reduction in volume to
capacity ratios on the general lanes when an AHS lane is present further assists in easing the
traffic flow on most on-ramps.  The average speeds on the off-ramps for both the existing and
the AHS facility remained the same because most off-ramp volumes are significantly below
capacity.

  3.2.4 New York State Thruway Case Study

  3.2.4.1 Description of Location

Stretching from New York city to Buffalo, the New York State Thruway provides the
fundamental transportation link for commerce, trade, and tourism through the state.  In most
locations, it is a two lane uncongested toll freeway.  The section selected for the case study
lies between Exit 16 and Exit 18 in the northbound direction, and is approximately 31 miles in
length.  It is a rural roadway.  Six ramps are included in this section, of which three are on-
ramps and three are off-ramps.  The average distance between these interchanges is
approximately 15.5 miles.  Figure 2-28 is a general map of the scenario area.
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3.2.4.2 Scenario Discussion

The general characteristics of the scenario are provided in Table 2-9.  Figure 2-29
shows the current configuration and Figure 2-30 is a model of the current volumes.

The AHS design configuration includes one AHS lane and two general lanes, with six
AHS ramps, three on-ramps and three off-ramps (Figure 2-31).  Since no section volume
exceeds 2000 vehicles/hr, an I2 ramp configuration was used for all six AHS ramps.  The
AHS traffic assignment was based on a 70 percent MP, i.e. 70 percent of vehicles were
assigned to AHS lane, while 30 percent of vehicles were assigned to the two general lanes.
The flow model is shown in Figure 2-32.

The INTEGRATION Model was applied to evaluate both the existing and the AHS
networks.  The AHS network was evaluated for two cases, AHS lane speeds of 62 mi/hr and
80 mi/hr.  The use of the INTEGRATION Model is described in Appendix E.  The throughputs
were generated by running the INTEGRATION Model with 60, 80, 90, 100, 110, 115, 120,
125, and 130 percent of the existing peak hour volume for both the existing and AHS
facilities.  Figure 2-33 and Table 2-10 show the throughput performance evaluation results.

The increased throughput of the AHS network is largely accounted for by the
increased AHS speed over the speed in the general lanes.  Since this section of the New
York State Thruway experiences little congestion, an AHS system operating at speeds of
approximately 60 mph shows little travel time benefit.  Appendix D presents additional
scenario and simulation data.

  3.3 LONG ISLAND EXPRESSWAY TRANPLAN AND MARKET PENETRATION 
STUDY

The objective of this study is to assess the effect of AHS MP on the utilization of the
AHS lane.  The implementation of an AHS facility in an existing highway network will alter
travel patterns in the network in a dynamic manner.  Factors that will affect route selection by
the motorist are:
 

1. Travel time between origin and destination.
2. Distance of route between origin and destination.
3. MP of AHS equipment in vehicles (i.e. What percentage of vehicles are AHS capable).
4. Safety and Comfort on trip.
5. Cost of AHS usage (i.e. Is there a toll or charge for AHS use).
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  3.3.1 TRANPLAN Model

Factors that affect route selection may vary, and as they do the attractiveness of route
paths will change.  This alters certain of the other factors, and results in additional changes to
traffic patterns.  Given the modeling techniques available, it is not currently possible to
dynamically model all of the above noted factors.  There are several models available which
allow simulation of the most significant factors and can provide significant insights into the
alteration of travel patterns resulting from AHS deployment.  The TRANPLAN model was
selected from the various available planning models.

The TRANPLAN software provides a dynamic planning tool to effectively analyze
transportation systems.  The set of functions provided by TRANPLAN enables planners to
describe roadway networks, develop trip generation tables,
distribute vehicle trips, and assign trips to an extensive network.  It also provides accurate
reports and plots the results of the analysis.  Additionally, an interactive Network Information
System software (NIS) acts as a graphical interface allowing a user to develop, display, and
update TRANPLAN networks.  The combination of this software provides the transportation
planning engineer with a “user friendly” developmental product to update, analyze, and
predict changes.  In order to provide accurate results, the TRANPLAN Program like others of
its type requires extensive data.  The New York State Department of Transportation
(NYSDOT) utilized the TRANPLAN software for the LIE Capacity Study and collected the
required data in order to calibrate the model.  This study focused on the LIE from its
interchange with Clearview Expressway in New York City to its interchange with William Floyd
Parkway (C.R. 46) in Suffolk County.

The TRANPLAN model of Long Island was developed to analyze the effects of
alternate improvements to the LIE. This model encompassed a large portion of Long Island
with a particular focus on the LIE.  Vehicle Trip Ends (VTEs) at input points or zones for the
origin or destination of the vehicle trips were provided on the LIE network model in a grid.
This grid or matrix of zones was structured to correspond to the New York Metropolitan
Transportation Council (NYMTC) database of estimated VTE for Long Island.  Zone or
centroid connectors connected the zones to the roadway network allowing the vehicle trip to
enter or exit the network at a predetermined point.  VTE is an estimate of vehicle trips
originating or ending from a bounded area based on the available socio-economic data.
These estimates account for vehicle trips to or from residences, offices, retail centers, etc.
The estimated existing and future VTEs for the New York Metropolitan area were determined
from the NYMTC database.  Each zone’s VTE represented the predicted trips associated by
the socio-economics of the local area.

The roads represented by links are assigned characteristics to identify the quality and
type of facility.  The number of lanes, speed, length, running speed, capacity, and roadway
type are encoded into each link.  The software compares the characteristics of the different
links to assess its ability to carry traffic.  System wide this assessment distinguishes the
different roads by classifying them as limited access highways, major arterial, minor collector
streets, etc.

The roadway characteristics utilized in the LIE study are listed in Table 2-11 and Table
2-12.  Table 2-11 lists the network characteristics utilized in the TRANPLAN Model based on
the roadway type.  Table 2-12 summarizes the ratios of free flow travel time to actual travel
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time based on the volume to capacity ratio and the assignment group code.  The model
utilizes these characteristics for assigning traffic to the network and to distinguish the different
road types.

  

   3.3.2 Market Penetration Studies

The TRANPLAN analysis used in the Precursor Systems Analysis (PSA) study
investigates the implementation of AHS scenarios on the LIE.  This macroscopic analysis
identifies the impact on Long Island traffic of replacing one general lane in each direction on
the current LIE with one AHS lane in each direction.  The configuration consisted of one AHS
lane and two general lanes.  This study area extends from the LIE interchange with Clearview
Expressway to its interchange with William Floyd Parkway, as illustrated in Figure 2-34.

Databases of traffic volumes were created for the Long Island network by running a
series of AHS scenarios on the LIE with traffic volumes representing the year 2015.  The MP
of AHS equipped vehicles was increased from 5 percent to 100 percent in increments of 5
percent.  The MP refers to the percentage of vehicles that are assumed to have the capability
to use the AHS facility.  MP is assumed to be evenly distributed across the entire Long Island
population.

Table 2-13 lists the average daily roadway volumes along the major east-west
roadways as a function of MP.  Figures 2-35 and 2-36 illustrate the influence of MP on the
AHS lane volumes in the eastbound and westbound directions respectively.  The AHS lane
volume rises sharply up to approximately 40 percent MP and levels off beyond this point.
Thus the capacity of the AHS lane is attained at approximately 40 percent MP in this corridor.

Figures 2-37 and 2-38 illustrate the influence of MP on the LIE general lanes daily
volumes for eastbound and westbound flows respectively.  The average daily traffic volume
for the general lanes decreases for up to 50 percent MP at which point the volume levels off.
Thus traffic volume is continually drawn from the general use lanes as MP increases up to the
point of AHS lane saturation.
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Figures 2-39 and 2-40 illustrate the influence of MP on average daily traffic volumes
on Northern State Parkway for the eastbound and westbound flow respectively.  The average
daily volume on the eastbound Northern State Parkway decreases for up to 25 percent MP
and levels off then rises at approximately 65 percent MP.  The average daily volume on the
westbound Northern State Parkway decreases up to 35 percent then it rises slightly beyond
50 percent MP.  At the lower MPs the increase in capacity resulting from the AHS lane draws
AHS equipped vehicles that would have used Northern State Parkway up to the point where
the increased MP results in additional utilization of the LIE AHS lane.  It may also mean that
trips formerly made on the Northern State Parkway may have relocated to the LIE general
use lanes because of available capacity and faster travel times.

Figures 2-41 and 2-42 illustrate the influence of MP on average daily traffic volumes
on Southern State Parkway for both eastbound and westbound respectively.  The average
daily volume on the Southern State Parkway decreases for up to 25 percent MP, then levels
off, and rises at approximately 65 percent MP.  The added capacity provided in the vicinity of
the LIE attracts some of the Southern State Parkway trips until the LIE AHS lane becomes
saturated.

Figures 2-43 and 2-44 illustrate the influence of MP on average daily traffic volume on
Sunrise Highway for both eastbound and westbound respectively.  The average daily volumes
on Sunrise Highway decrease until approximately 40 to 50 percent of MP is reached.  The
added capacity created in the north Long Island region by the AHS lane on the LIE influences
route choice so that Sunrise Highway trips in the south Long Island region are probably
directed to parallel roadways closer to the LIE.

In reviewing the results of the MP study with respect to parallel facilities (Northern
State parkway, Southern State Parkway, and Sunrise Highway) at varying distances away
from the LIE the following general observations can be made:

• At low MP (less than 40 percent) there is a significant shift from parallel facilities.  A 7.5
percent decrease occurs on the Northern State Parkway, a 5.0 percent decrease on the
Southern State Parkway and a 10 percent decrease on Sunrise Highway.

• After a MP of 40 to 50 percent is reached, the draw from the parallel facilities decreases.
This decrease results from the increased saturation of the AHS and general use freeway
lanes, and in travel time increases on the north-south roadways which access these
facilities.

• At lower MP there is a considerable amount of shifting as AHS equipped vehicles that
currently use the Northern State Parkway or other parallel facilities are attracted to the LIE
AHS facility.  Non-AHS equipped vehicles find the two remaining general use lanes of the
LIE congested because of the decrease in capacity, since one general use lane has been
replaced by an AHS lane.  Non-AHS equipped vehicles shift from the LIE to the Northern
State Parkway and other parallel facilities to utilize the capacity made available by the
diversion of the AHS equipped vehicles to the LIE AHS.
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3.3.3 Effect of AHS on Vehicle Miles Traveled

Analyses of the vehicle-miles traveled (VMT) were conducted for the Long Island study
area. The general lanes VMT versus MP and the AHS lane VMT versus MP are illustrated on
Figure 2-45.  It is observed that as the MP increases the VMT for the AHS lane increase and
level off at approximately 50 percent MP, and the VMT on the general lanes decrease
continually, leveling off at over 80 percent MP.  This result indicates that although the AHS
lane attains saturation at approximately 50 percent MP, it continues to draw traffic from the
general use lane and less traffic from the more distant roadways as MP increases.  This is
because as MP increases there is less diversion between roadways.  The results relating
VMT on the LIE and the entire Long Island corridor is illustrated in Table 2-14 and Figure 2-
46.

  

  3.3.4 Effect of Variations in Highway Configuration on Vehicle Miles Traveled

The TRANPLAN model was employed to assess the effects of LIE configurations,
including various AHS configurations on the VMT in the area.  Table 2-15 presents the results
using baseline year 2015 volumes.  The LIE Four Lane case was compared with the existing
(three lane) Expressway.  It was also compared with a predominantly I2 AHS (termed I2 in the
table) and an AHS using a combination of I2 and I3 entry/exit (termed I3 in the table).  The
AHS capacity of the I3 configuration was also varied.  The results show that:

• As the type of facility improves, modest decreases in VMT are obtained.

• VMT improvements are made for AHS capacity increases up to 7000 vehicles/hr but no
VMT improvements are made past this point.
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  3.3.5 Modeling Limitations

The TRANPLAN modeling analysis conducted is limited by the capabilities of the
model and the assumptions made to simulate AHS operations.  The following is a list of the
modeling constraints and suggestions for future analysis.

• The Long Island TRANPLAN model provides estimates based on a 24 hour period, and
produces results that a specifically related to daily traffic flows.  Therefore, more detailed
peak hour analysis is not possible with this model.

• The MP of AHS equipped vehicles on Long Island’s traffic distribution is assumed to be
equally spread throughout the driver population in the TRANPLAN study.  In reality MP
may be affected by socioeconomic factors and proximity to the AHS facility.  Future
analyses should consider these factors when investigating MP.

• The TRANPLAN model cannot be adjusted to represent user costs for the AHS facility.  A
mechanism to investigate the impact of a user cost, if any, needs to be investigated in
future analyses.

  

  3.3.6 Conclusions

The TRANPLAN study shows the following:

• AHS utilization rises rapidly with MP.  Approximately 50 percent of the utilization achieved
with 100 percent MP is achieved with a MP of 20 percent and about 90 percent utilization
is achieved with 40 percent MP.

• Modest reductions in VMT (approximately 4 percent) were obtained on an areawide basis
at high levels of MP for the LIE AHS.

• A small additional improvement in VMT (approximately 1 percent) was observed as the
capacity of the AHS was increased from 4500 vehicles/hr to 7000 vehicles/hr.  Further
capacity increases had little effect on VMT.

It is important for the reader to understand that these conclusions are qualified by the
limitations of the study (Section 3.3.5).  The most important limitation is that the Long Island
TRANPLAN model represents daily traffic averages; it is not a peak hour model.  Thus, the
conclusions stated above should be investigated further by the use of a series of data bases
which are representative of various times of the day.

  

  3.4 GENERAL EFFECTS OF TRAFFIC ON NON AHS ROADWAYS

The scenario evaluations presented in Section 3.2 describe the impact of the AHS on
traffic on the general freeway lanes sharing the AHS right-of-way based on the traffic
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assignment assumptions described.  Some examples of the impact of AHS traffic on surface
street intersections were also shown.

The AHS MP study in Section 3.3 describes the effect of changing the availability of
AHS to the public on the utilization of roadways on an areawide basis using a model of Long
Island as an example.  This section describes the mechanisms and causal factors which are
the basis for these effects.

Figure 2-47 shows a simple model of a freeway containing an AHS and two parallel
arterials.  The AHS starts at Node 9.  Separate access ramps are shown for each roadway on
the diagram; however, the principles are the same when the AHS is accessed from the
general lanes.  A downstream AHS exit is represented by Node 10 and its intersection with
the surface street by Node 5.  The corresponding general lane exit is represented by Node 4.

  

  3.4.1 Traffic Assignment and Diversion

The following discussion describes the traffic assignment and diversion process.  It is
described in terms of one set of origin-destination (OD) pairs.  The total assignment model
results from the sum of each OD assignment.  Since the travel times are functions of the
entire assignment, the process is iterative.

Consider traffic traveling along the lower arterial between Nodes 1 and 6.  The
introduction of the AHS will induce a component of traffic to divert.  The diversion level is
determined by three factors:

• Time saved by using the AHS route.

• Additional dollar cost of using AHS from any toll.

• Fraction of equipped vehicles.

Prior to construction of the AHS the motorist had two route choices, the freeway or the
arterial.  Under normal circumstances Arterial 2 would be used for this journey by only a small
number of motorists.  The introduction of the AHS represents a third important choice.  It
would normally be expected that the AHS lane would provide the fastest travel time.  Traffic
diversion from the general freeway lanes will improve travel time on those lanes.  Thus, both
the AHS and general lanes will divert additional traffic from the surface street path.  Three
travel times are possible.  They are as follows:

• TT16 - Surface street travel time.

• TT123456 - Use of general freeway lanes.

• TT129(10)56 - Use of AHS.
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Since the AHS is to be constructed at some year well into the future, a trip generation
estimate for this period is required.  These trips must now be assigned to each of the three
paths.

For AHS equipped vehicles the assignment is based on travel time and cost (tolls).
Non-AHS equipped vehicles cannot be assigned to the AHS.

The multinomial logit model can be used to make such an assignment.  The model is
typically used in a disaggregate sense, i.e. a number of user demographic classes are
defined, and assignments made separately for each class.  For our purposes a utility function
(Jessiman 1975) may be defined as follows:

Uid = Kid-Ktd*TTi - Kcd *Ci (2-1)

where:

i represents the trip path
i = 1 for the arterial
i = 2 for the freeway general lanes
i = 3 for the AHS

d represents the demographic attribute.
Kid is a coefficient for demographic attribute d for path I.
Ktd is a coefficient representing the value of time for attribute d for path I.
Kcd is a coefficient representing the value of dollar cost for attribute d.
TTi is the travel time for path i.
Ci is the cost for path i.  Ci is zero for the surface streets and on-toll
freeways.

If 100 percent of the vehicles are AHS equipped, the conventional multinomial logit
model in Equation 2-2 identifies the probability Pid for each route class:

Pid
e

e
i

Uid

Uid

=

=
∑

1

3  (2-2)

To account for fractional AHS MP, Equation 2-2 can be rewritten as follows:

Pid
f

f
i

id

id

eUid

eUid

=

=
∑

1

3  (2-3)

where f1d and f2d are unity (all motorists have access to the freeway and surface streets), and
f3d represents the AHS MP for each demographic attribute.  The volumes are obtained as the
product of the probability and the number of motorists in each demographic class desiring to
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make the trip.  Calibration of the coefficients is often performed by user surveys and
regression analysis.

Note that the formulation of Equation 2-3 is different from the usual way in which MP is
treated in AHS studies.  It expresses the AHS penetration in terms of demographic attributes,
and this is necessary for assignments which use the disaggregate modeling process.

  3.4.2 Effect of AHS on Flow Patterns

Although the net result of the AHS is to reduce traffic along the arterials, as compared
with the no build case, the routes and movements involving access to AHS/freeway
combination will experience increased traffic.  The solid arrows in Figure 2-47 show these
increased traffic levels, and the dotted lines show reduced volumes for vehicles formerly
taking the arterials and now choosing a freeway or AHS path from node 2 to node 5.

Note that certain areas such as A and B may show an increase in reverse traffic on
portions of the arterial due to the attraction of the AHS/freeway to arterial traffic downstream
of the access point.  The diagram shows changes to many of the arterial flows and turning
movements, and signal retiming will be required to accommodate these.  Additional traffic
engineering measures (e.g. right turn signal by-passes, double left hand turn lanes, will be
required on a localized basis).  The ability of surface street intersections such as Nodes 2 and
5 to accommodate additional traffic generated by the AHS depends on the volume of such
traffic and on the capacity of the intersections.

  3.5 GEOMETRIC STUDIES

The AHS design of Section 3.3 using two general lanes and one AHS lane was
utilized to develop cross-sections and layouts for an RSC I2 and an RSC I3 infrastructure for
the westbound segment of the LIE between Cross Island Parkway and Washington Avenue.
The figures in Appendices F, G, and H illustrate the AHS design as applied to the LIE.

Appendix F, illustrates the cross-sections developed for the RSCs I2 and I3 options on
the LIE.  Construction and rights of way requirements are indicated on the diagrams.
Retaining walls are required because of the location of the service roads.

Appendix G, illustrates the layout of ingress/egress of the RSCs I2 and I3.  The I2
option utilizes the general lanes as collector/distributors.  The I3 option utilizes the service
roads and the general lanes as collector/distributors.  A variety of similar options are indicated
for the RSC I3 option.  The selection of a particular I3 ingress/egress location, because of its
complexity and impact on the overall operations, should only be made after extensive
planning studies.

Appendix H, illustrates the layout of both RSCs I2 and I3 on the westbound segment
of the LIE between Cross Island Parkway and Washington Avenue.  These diagrams indicate
the construction requirements requires for both RSCs I2 and I3.  The layouts of RSC I2 and
RSC I3 indicate that much more bridge reconstruction and pavement relocation is required for
RSC I3.
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  4.0 CONCLUSIONS

The following can be concluded from these tasks:

• AHS deployments using RSCs I2 and I3 on congested urban and suburban freeways can
significantly improve speed and travel time on these facilities.  Travel time improvements
ranging from approximately 19 percent to 38 percent were obtained for the cases studied.
This is illustrated in Table 2-1, Section 1.3.2.

• AHS deployments using RSCs I2 and I3 on congested urban and suburban freeways may
significantly increase facility capacity to respond to future year demand (Table 2-1 Section
1.3.2).  Depending on the origin and destination requirements, the capacity of the
remaining general lanes rather than the AHS lanes may limit capacity.

• In areas which experience traffic congestion such as Long Island, high levels of AHS
utilization are obtained based on RSCs I2 and I3 type facilities at relatively low levels of
AHS MP (15-25 percent).  In congestion prone areas the AHS may generate significant
changes in the utilization of parallel facilities which may be several miles away from the
AHS.

• The need to access the AHS will, in many cases, cause saturation of surface street
intersections.  Geometric improvements and signal timing changes will be commonly
required.  The cost of the geometric improvements may be significant.

• Certain AHS control strategies call for queuing vehicles at AHS entry points (auxiliary
lanes in the I2 configuration and ramps in the I3 configuration).  When AHS traffic is
properly managed, the queue delays and queue lengths are short.

 

Battelle Task I Page 99



  Appendix  A

  Additional Details for LIE Case Study

This Appendix is a compilation of the roadway performance for the LIE scenarios.  The
LIE roadway is represented by links and nodes as illustrated in Figures 2-A1, 2-A2, and 2-A3.
Figure 2-A1 illustrates the existing roadway and the four lane LIE, Figure 2-A2 illustrates the
roadway with one AHS lane and I2 ramps, and Figure 2-A3 illustrates the roadway with one
AHS lane and a combination of I2 and I3 ramps.

Tables 2-A1, 2-A2, and 2-A3 provide the INTEGRATION model output for the through
traffic for the four lane LIE, the I2 scenario with two general use lanes, and the I2 scenario
with three general use lanes, respectively.  The integration model outputs for Tables 2-A1, 2-
A2, and 2-A3 were generated using 2015 I2 scenario OD trip tables.  Table 2-A4 provides the
INTEGRATION model output for a combination I3 and I2 scenario.  Tables 2-A4 was
generated using 2015 I3 scenario OD trip tables.
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Table 2-A1. Long Island Expressway Four Lanes Integration Run Results (100%)
LINK Length Flow Total Free Flow Avg Flow Speed Veh-Km
(##) (km) (vehs) (min) (min) (min) (kph)

   1 0.50 6401 12750 0.3 2.0  15.1 3200.5
   3 0.19 7769 2876 0.1 0.4  30.5 1476.11
   5 0.26 6654 2439 0.2 0.4  42.9 1730.04
   7 1.31 7590 14465 0.9 1.9  41.2 9942.9
   9 0.64 7086 8968 0.4 1.3  30.2 4535.04
  11 1.10 7640 13992 0.7 1.8  36.0 8404
  13 0.87 6836 11725 0.6 1.7  30.3 5947.32
  15 0.50 7783 6169 0.3 0.8  37.7 3891.5
  17 0.56 6871 3502 0.4 0.5  65.4 3847.76
  19 1.45 7803 11691 1.0 1.5  58.2 11314.35
  21 0.86 6988 6216 0.6 0.9  58.2 6009.68
  23 0.62 6607 5911 0.4 0.9  41.3 4096.34
  25 0.81 7334 9222 0.5 1.3  38.6 5940.54
  27 0.43 6315 2321 0.3 0.4  70.2 2715.45
  29 1.48 7099 10237 1.0 1.4  61.5 10506.52
  31 0.28 6105 1429 0.2 0.2  71.3 1709.4
  33 0.14 5632 613 0.1 0.1  74.5 788.48
  35 0.17 5767 783 0.1 0.1  75.1 980.39
  37 0.20 5672 897 0.1 0.2  75.9 1134.4
  38 2.89 5547 12588 1.9 2.3  76.4 16030.83
  39 2.87 5333 11971 1.9 2.2  76.7 15305.71
  43 0.57 4860 2131 0.4 0.4  78.0 2770.2
  45 1.03 5425 4423 0.7 0.8  75.8 5587.75
  47 0.16 5082 628 0.1 0.1  76.3 813.12
  49 0.24 5436 1055 0.2 0.2  75.5 1304.64
  51 0.20 5142 805 0.1 0.2  76.7 1028.4
  53 0.65 5696 3018 0.4 0.5  74.2 3702.4
  55 1.70 4946 6471 1.1 1.3  77.7 8408.2
  57 0.55 4829 2033 0.4 0.4  78.7 2655.95
  59 0.66 5449 2857 0.4 0.5  75.5 3596.34
  61 0.23 4876 853 0.2 0.2  77.8 1121.48
  63 0.18 5213 758 0.1 0.1  76.0 938.34
  65 0.22 4946 857 0.2 0.2  77.9 1088.12
 104 1.61 5431 6882 1.1 1.3  76.0 8743.91

Sum 183536 161266.11

Total Veh-Mi                              100165.29

Total Veh-Hr3                                 058.93

Note: This table is based on integration model run.
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  Appendix  B

  Additional Details for Boston I-93 Case Study

The QUEENSOD model (Appendix E) was used to generate the OD trip tables shown
in Table 2-B1 from available mainline and ramp data counts.  Figure 2-B1 shows an example
of the flow model developed.  Table 2-B2 also shows this data.  Tables 2-B3, 2-B4 and 2-B5
shows examples of the INTEGRATION Model output for the combined AHS and general lane
facility for three different sets of input volumes.
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  Appendix C

  Additional Details for Capital Beltway I-495 Case Study

This Appendix is a compilation of the roadway characteristics and OD demands
applied in the Capital Beltway I-495 Scenario.  The roadway is represented by links and
nodes as illustrated in Figures 2-C1 and 2-C2.  Figure 2-C1 illustrates the existing roadway
and Figure 2-C2 illustrates the roadway with one AHS lane.

The roadway characteristics were determined by on-site visits and video tape analysis
of the study area.  Tables 2-C1 and 2-C2 illustrate the roadway characteristics as applied to
the existing Capital Beltway I-495 and the AHS Capital Beltway I-495 respectively.

The OD demands obtained from the QUEENSOD model were factored to represent a
range of travel demands.  Tables 2-C3 and 2-C4 illustrate the results of applying these factors
to the existing Capital Beltway I-495 and the AHS Capital Beltway I-495 respectively.

The traffic flow on the AHS Capital Beltway I-495 with the existing demand is
illustrated in Figures 2-C3.  These figures illustrate the reduction in the demands versus
capacity on the mainline general lanes as a result of the AHS lane.
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  Appendix D

  Additional Details for New York State Thruway Case Study

Table 2-D1 provides the peak hour trip table OD volumes.  Table 2-D2 and Figure 2-
D1 represents the scenario flow model.  Tables 2-D3 and 2-D4 provide the vehicle hours and
throughput for the baseline condition.  Tables 2-D5 and 2-D6 provide this data for the
combined general lanes and 62 mi/hr AHS.  Tables 2-D7 and 2-D8 provide this data for the
80 mi/hr AHS case.
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Appendix E

  Simulation Methodology Used for Case Study Evaluation

This appendix describes the simulation methodology using the INTEGRATION model
to evaluate the Capital Beltway I-495 case study.  This model and similar techniques were
used to evaluate the other three case studies.

The tool utilized to analyze the Capital Beltway scenarios was the INTEGRATION
computer simulation model, developed at Waterloo and Queen’s Universities in cooperation
with the Ontario Ministry of Transportation.  The INTEGRATION model combines the ability to
simulate deterministic traffic flow with the ability to replicate dynamic route choice behavior
(traffic assignment).  This allows the users to study the long-term effects of alternative
scenarios on similar facilities and surrounding street system.  Also, instantaneous traffic
diversion in reaction to prevailing conditions, and the provision of real-time route information
to drivers can be studied.  The INTEGRATION model can represent several different types of
users, each having different access to real-time information.

INTEGRATION has five vehicle types that may be used in simulation.  Table 2-E1
contains descriptions of these five vehicle types (Van Aerde 1994).  Type 5 vehicles, special
facility users, can be considered as AHS vehicles, and links in the network can be coded as
AHS links.  In this way, only AHS vehicles can use these AHS links.  Modeling Type 5
vehicles as AHS provides a way of distributing traffic flow only, however, other unique AHS
characteristics can only be simulated in a simplistic manner.  An additional feature of Type 5
vehicles is that they can also be given the route choice capabilities of type 2 vehicles and can
choose the shortest route to their destination which may include both AHS and non-AHS
lanes.  The quality of information received by every vehicle type may be varied by using two
parameters.  One parameter determines the frequency, in seconds, that information is
updated.  The other parameter controls the error introduced into the information update.

There are five required and four optional input files to the INTEGRATION model.
These nine input files are listed in Table 2-E2.  To model the existing beltway scenario only
input files 1 to 5 were required.  To determine the input necessary for these files, the study
area was broken up into link-node segments as illustrated in Figures 2-C1 and 2-C2 in
Appendix C.   The links represent roads
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  Table 2-E1.   The Five Vehicle Types Of INTEGRATION

Vehicle Type Description

1 Background Vehicles - Route choice based on free flow speed
unless historic information or specified path trees are provided.

2 Guided Vehicles - Have access to real-time information at every
node or at selected locations on which to base their route choice.

3 Drivers with Anticipatory Knowledge - Can use both real-time
information and historical information.

4 Trav-Tek Vehicles - Have advanced route guidance systems
within the vehicle.

5 Special Facility Users - Have exclusive access to selected links in
the network (i.e. AHS vehicles).  Can base route choice on
specified path trees or on real-time information.

Note:  Vehicle type 1 and type 5 utilized in Beltway AHS study.
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  Table 2-E2.  Input Files Of INTEGRATION

  

Input File Description

1 (required) Node File - Specifies x and y coordinates of all nodes in the network for
purposes of graphical display.

2 (required) Link File - Contains start and end nodes and physical characteristics of the
links.

3 (required) Signal File - Signal timing plans.

4 (required) Origin-Destination Traffic Demand File - Specifies demand rates for all OD
pairs for each time slice.

5 (required) Incident File - Includes length, severity and location of any incidents during
the simulation.

6 (optional) Average Travel Times File - Provides average travel times for all links for
use as historical information.

7 (optional) Time Series of Anticipated Travel Times - The same as file 6 except that
travel time information is given for each user-specified time slice.

8 (optional) Static Path Tree File - This file has the user-specified path trees for type 5
vehicles.

9 (optional) Time Series of Multipath Background Traffic Routings - The same as file 8
but used for type 1 vehicles.

Note:  Optional Input File 8 used to specify AHS vehicle route.
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and are assigned characteristics to identify the quality and type of the facility.  The
characteristics of each link are listed in Tables 2-C1 and 2-C2 in Appendix C.  This
information was input into the Link file.

The Signal file was used to provide timing plans for the signalized intersections.  Both
signalized intersections modeled in this study were treated as isolated intersections.  The
method of signal timing utilized was an automatic signal re-timing plan.  This procedure
allocates green time based on the approach’s volume/saturation flow ratios, according to
procedures specified in the Canadian Capacity Guide.  This method of signal timing, modeled
within INTEGRATION, works best for isolated signals.  This option was also chosen because
the OD demands were varied over a great range from scenario to scenario.

The OD breakdown for the study area was required for input file number 4.  The OD
breakdown was developed using the QUEENSOD model.  The QUEENSOD model estimates
OD traffic demands based on observed link traffic flow, link travel times, and drivers’ route
choices.  QUEENSOD is a supporting model for the INTEGRATION model and shares the
same data file structures and formats.  The input files for the QUEENSOD model are listed in
Table 2-E3.

The OD data developed for the study area (see Table 2-C3 of Appendix C) is for the
existing beltway scenario.  This OD was factored using a spreadsheet to produce OD data for
different percentage trips as illustrated in Table 2-C3 of Appendix C.  The percentage of OD
usage was entered into the OD pairs file of the INTEGRATION model to run each scenario.
The main thrust of this analysis is to investigate the performance of an AHS on the Capital
Beltway.  The AHS design concept involves a one lane AHS system separate from the
traditional freeway system.  To provide the AHS lane, one general use lane was assumed to
be converted to an exclusive AHS lane.  The operation of the AHS lane is assumed to be
totally controlled with a “hands-off” and “feet-off” operation.  The removal of the human from
the vehicle operations loop allows for a simplistic simulation of the AHS lane.  This means
that as long as the capacity or speed on the AHS lane is not exceeded it would operate at
level of service (LOS) A.  Therefore, if the traffic volume on the AHS is kept below capacity it
can be inferred that the AHS would function at optimal speed.
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  Table 2-E3.  Input Files Of QUEENSOD

Input File Description

1 (required) Node File - Specifies x and y coordinates of all nodes in the network for
purposes of graphical display.

2 (required) Link File - Contains start and end nodes and physical characteristics of
the links.

3 (optional) Actual OD file - Specifies the actual OD demand for comparison with
the estimated OD demand.

4 (optional) Seed OD file -  Specifies the initial OD demand matrix to maximize
errors between the resulting link flows and the observed link flows.

5 (required) Link traffic flow file - Link traffic flow and travel time information.

6 (required) Path utilized by traffic - This file contains the paths utilized on the
network.

7 (optional) Link flow reliability factors - Specifies the reliability of the link flow data
utilized in file 5.

15 (optional) Seed demand reliability file - Specifies the accuracy of the seed matrix
utilized in file 4.
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To develop the AHS scenario to be modeled, layout and link node diagrams were
developed as shown in Figures 2-C1 and 2-C2 of Appendix C.  The AHS layout (placement of
AHS entry and exit ramps) was developed by heuristically analyzing the ODs such that
maximum AHS utilization is achieved with the fewest AHS entry and exit locations.  The OD
table developed for the existing Capital Beltway was appropriately modified to allow AHS
equipped vehicles to utilize the AHS facility.  The low ramp volumes and high through
volumes observed on the existing facility and as indicated by the existing ODs, provided the
basis for the AHS design.  One AHS lane with AHS access ramps in the beginning of the
study area and egress ramps at the latter portion of the study area proved to be adequate for
the traffic distribution.  I3 AHS access and egress ramps were placed to provide easy
utilization of the AHS lane at points of heavy entry and exit flow to the Beltway.  Additional I2
ramps were placed to provide access by the cumulative inflow of traffic volumes from low
volume on-ramps.

The Capital Beltway scenario assumed a 50 percent MP.  Therefore, at each AHS
entry point only 50 percent of the vehicles with OD pairs that allowed use of the AHS lane are
permitted in the AHS lane.  To provide an effective split on the network the vehicles were
divided into type 1 and type 5 vehicles.  The AHS facility was modeled to be out of bounds for
the type 1 vehicles and the type 5 vehicles were directed to the AHS facility at the closest
entry point.  The path of the type 5 vehicles were ensured by using Input file 8 (Table 2-E2) to
specify the vehicle path through the network.

The hourly volume flow on the AHS lane was monitored to confirm it was always
below the useable AHS lane capacity of 4500 vehicles/hr to allow for smooth operation.  The
AHS ramp volumes were all monitored to operate below 1400 vehicles/hr.

It should be noted that the model assigns traffic in a stochastic manner and that the
number of vehicles generated in the simulation often differs slightly from what is specified in
the OD file.  As a result of this, the percentage of AHS vehicles and traditional vehicles in the
simulation often differed slightly from the desired amount.  For reasons of clarity, OD percent
referred to in the analysis give the desired percentage, not the actual percentages.  Also, the
model’s account of potential weaving problems with the I2 configuration is unclear.  These
weaving problems may occur between right side entrance and exit ramps for the general use
expressway ramps, and the left side entrance and exit ramps for the AHS facility.  The
weaving problems that arise between expressway ramps and the I2 ramps are reduced by
providing an adequate distance between these two ramp types.
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  Modeling Limitations

The INTEGRATION modeling analysis conducted in this study considered mainline
traffic flow and manipulated existing volumes to represent variations in road use.  The
following is a list of additional analyses that were not considered with the INTEGRATION
model.

• In a detailed planning study roadways that run parallel to the study area must be
considered for any impact because of AHS implementation.  The study areas of the
Capital Beltway (I-495), Boston I-93, and the New York State Thruway did not have any
major roadways in close proximity running parallel for a significant fraction of the AHS
length.  However, on roadways which are currently congested, some fraction of motorists
utilize a series of non major roadways to form networks of parallel roadways.  This could
only be determined from additional areawide analysis.  It is likely that some commuters on
the Capital Beltway and Boston I-93 who use this route on a daily basis might use
alternate parallel routes when the roadway becomes congested.  The availability of the
AHS facility with decreased travel times would certainly attract vehicles from these parallel
roadways and thus increase the volume and vehicular demand on the combined
AHS/General Use Expressway facility.  While the INTEGRATION modeling included
higher volumes than the baseline condition, the higher demand was an assumed
percentage increase and not a dynamic modeling of trip attraction.

• MP of AHS equipped vehicles could impact on the utilization of the AHS facility in
unpredictable ways; therefore, some consideration of MP must be made especially when
a larger study area that considers parallel roadways is being analyzed.  Additionally, the
relationship between MP and socioeconomic factors should be considered in this analysis.

• The additional capacity of the AHS facility could generate additional trips.  Additional trip
generation could, also, be affected by the MP because MP would affect the capacity
available on the AHS facility.
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  Appendix F

  LIE Cross-Section Illustrations

This Appendix illustrates the cross-sections developed for the RSCs I2 and I3 options
on the LIE.  Construction and rights of way requirements are indicated on the diagrams.
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  Appendix G

  Typical RSCs I2 and I3 Layout

This Appendix illustrates the layout of ingress/egress of the RSCs I2 and I3.  The I2
option utilizes the general lanes as collector/distributors.  The I3 option utilizes the service
roads and the general lanes as collector/distributors.  A variety of similar options are indicated
for the RSC I3 option.
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  Appendix H

  LIE RSCs I2 and I3 Layout Illustrations

This Appendix illustrates the layout of both RSCs I2 and I3 on the westbound segment
of the LIE between Cross Island Parkway and Washington Avenue.  These diagrams indicate
the construction requirements required for both RSCs I2 and I3.
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Table 2-2.  General Characteristics of LIE Scenario

1.  Location & length Long Island Expressway from Cross Island
Expressway to Seaford Oyster Bay; EB; PM
peak hour; approximately 16.1 mi.

2.  Type of highway Suburban highway, high volumes, existing
congestion, most traffic bound for CBD or
OBD.

3.  Condition without AHS implementation 4 Eastbound lanes, ramp locations shown in
Figure 2-11.

4.  AHS ramp configuration Predominantly I2 for I2 scenario, and I3 and
I2 mix for I3 scenario illustrated in Figures 2-
12 and 2-13.

5.  Condition after AHS implementation One AHS lane, two general use lanes for
one implementing and three general use
lanes for a second implementation.  Ramp
locations; lane configurations shown on
Figures 2-12 and 2-13 for the two general
lane implementation.

6.  AHS capacity and speed 62.1 mph constant speed up to capacity.
Capacity defined as 5000 vph (vehicle
spacing criteria) with useable capacity up to
4500 vph.

7.  Percent of AHS equipped vehicles on
     facility

100%

8.  Assumptions for traffic assignment to
     AHS lanes.

All AHS equipped vehicles (100%) are
assigned to AHS up to useable capacity if
their destination includes at least one AHS
exit ramp from the AHS entry point.

9. Source of trip tables The QUEENSOD model was used to
convert ramp volumes to trip tables.
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Table 2-4.  Summary of Boston I-93 Scenario
Characteristics

1.  Location & Length Boston I-93 from Rt. 128/Rt. 3 to Exit 16
(Southampton St.); NB; AM peak hr.;
approximately 8.1 mi

2.  Type of Highway Urban highway, high volumes, existing
congestion, most traffic bound for CBD or
OBD.

3.  Condition before AHS implementation 4  northbound lanes, ramp locations show in
Figure 2-16.

4.  AHS ramp configuration I2 and I3 entry as shown in Figure 2-18.

5.  Condition after AHS implementation Two AHS lanes, 2 general lanes.

6.  AHS entry and exit spacings Average 2.0 mi. spacing between entry ramps
and 2.0 mi. spacing between exit ramps.

7.  AHS capacity and speed 62.1 mph constant speed up to capacity.
Capacity defined as 5000 vph (vehicle spacing
criteria) with useable capacity up to 4500 vph.

8.  Percent of  AHS equipped vehicles on
     facility (manual & automated lanes)

100%

9.  Assumptions for traffic assignment to
     AHS lanes

All AHS equipped vehicles (100%) are
assigned to AHS up to useable capacity if their
destination includes at least two AHS exit
ramps from the AHS entry point.

10. Source of trip tables The QUEENSOD model was used to convert
ramp volumes to trip tables.
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Table 2-6.  General Characteristics of Maryland I-495 Scenario

1.  Location & length Maryland I-495 (Washington DC Beltway)
from I-95 to I-270; WB; A.M. peak hour;
approximately 9.3 mi.

2.  Type of highway Suburban highway, high volumes, existing
congestion, most traffic not bound for CBD
or OBD.

3.  Condition before AHS implementation Ramp locations; current volumes; lane
configurations shown on Figure 2-23 and 2-
25.

4.  AHS ramp configuration Predominantly I3, some I2 as shown on
Figure 2-24.

5.  Condition after AHS implementation One AHS lane, one less general use lane
than current configuration.  Scenario
configuration shown in Figure 2-24.

6.  AHS entry and exit spacings Average 2.3mi. spacing between entry
ramps and 3. mi. spacing between exit
ramps.

7.  AHS capacity and speed 62.1 mph constant speed up to capacity.
Capacity defined as 5000 vph (vehicle
spacing criteria) with useable capacity up to
4500 vph.

8.  Percent of AHS equipped vehicles on
     facility

50 percent

9.  Assumptions for traffic assignment to
     AHS lanes.

All AHS equipped vehicles (50 percent)  are
assigned to AHS up to useable capacity if
their destination includes at least one AHS
exit ramp from the AHS entry point.

10. Source of trip tables The QUEENSOD model was used to
convert ramp volumes to trip tables.
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Table 2-9.  Summary NY State Thruway Scenario Characteristics

1.  Location & length New York State Thruway (I-87) from Exit 16
(Harriman) to Exit 18 (New Paltz); NB, AM
peak hr; Approx. 31 mi.

2.  Type of highway Rural highway, relatively low volumes, little
congestion, most traffic not local.

3.  Condition before AHS implementation 2 northbound lanes, ramp locations &
current volumes shown on Figures 2-29 and
2-30.

4.  AHS ramp configuration I2 as illustrated in Figure 2-31.

5.  Condition after AHS implementation One AHS lanes, 2 general lanes, scenario
uses current volumes.  Variations up to
130% of current volumes.

6.  AHS entry and exit spacings Average 15.5 mi spacing between entry
ramps and 15.5 mi spacing between exit
ramps.

7.  AHS capacity and speed a.  62.1 MPH constant speed up to capacity
(5000 VPH with 4500 VPH useable
capacity).

b.  80 MPH constant speed up to capacity
(3000 VPH with 2700 VPH useable
capacity).

8.  Percent of AHS equipped vehicles on
     facility

70%

9.  Assumptions for traffic assignment to
     AHS lanes.

All AHS equipped vehicles (70%) are
assigned to AHS up to useable capacity.

10. Source of trip tables NYS Thruway data.
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TABLE 2-11

TRANPLAN Roadway Characteristics

ROADWAY DESCRIPTION CAPACITY
vplpd

SPEED
(M.P.H.)

ASSIGNMENT
GROUP

Long Island Expressway 21,000 65 1

Parkways (4 lanes) 18,000 60 1

Parkways (6 lanes) 18,800 65 1

Centroid Connectors 15,000 30 9

Arterial Multilane Highways
Multilane     Lateral

     Type Signals     Clearance

1. Divided Yes Unrestricted 7,800 30-50 5-8

2. Divided Yes Restricted 6,900 30-50 5-8

3. Divided No Unrestricted 16,900 35-55 5-8

4. Divided No Restricted 14,600 35-55 5-8

5. Undivided Yes Unrestricted 7,500 30-45 5-8

6. Undivided Yes Restricted 6,600 30-45 5-8

7. Undivided No Unrestricted 15,900 35-55 5-8

8. Undivided No Restricted 14,000 35-55 5-8

Notes: vplpd vehicle per lane per day
Divided a. Raised Median

b. Flush Median greater than 9 feet and 4 feet for all other highways
Unrestricted shoulder 6 feet or more in width
Assignment Group designates the relationship between speed and volume for a particular road within
the TRANPLAN Model

Source: NYS Route 347 Corridor Study
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