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1. INTRODUCTION

The United States is facing an extended period in which major highway
reconstruction projects will be undertaken in urban areas throughout the country. The
problem of reconstructing highways while accommodating the large traffic volumes that
use them is a formidable one. The Federal Highway Administration (FHWA), in
recognition of the significance of the problem, sponsored a National Conference on
Corridor Traffic Management for Major Highway Reconstruction in 1986. The Conference
Proceedings (1) stated:

The era of major reconstruction projects is just beginning. Because of the

age of much of the urban highway system, and the mounting volume of

traffic that major routes must carry, many cities in this country are going to

be facing very serious reconstruction problems. The problem is not going
to go away; it will be around for many years and must be dealt with.

BACKGROUND

Roadway space is a scarce resource that must be allocated between the required
reconstruction activities and the motorists. Reconstruction activities could be expedited
by closing as much of the highway as possible. Butin many cases, the rest of the urban
transportation network could not accommodate the traffic that would be diverted away
from the highway. In planning a major highway reconstruction project, an acceptable
balance must be reached between the following objectives:

0 Maximizing the safety and efficiency of the reconstruction activity

0 Minimizing the adverse impacts on motorists and affected communities

Highway agency officials must be able to estimate the travel impacts of alternative
reconstruction and traffic management strategies in order to determine the proper
allocation of roadway space. At present, little information exists about appropriate
analysis tools to evaluate these impacts. Some states have developed analysis
procedures; however, the application of these procedures has been limited, and little
guidance exists on their use. A number of successful corridor traffic management plans
have been implemented. The lessons learned from these experiences should be shared
with officials from other agencies facing the rebuilding of major highway facilities.



SCOPE AND OBJECTIVE

The objective of this report is to provide guidance to highway agency officials on
the use of available analysis tools to evaluate the travel impacts of major highway
reconstruction projects. The term “major” is intended to imply that:

0 The highway being reconstructed carries high traffic volumes

0 The project will affect an extended length of roadway for a significant period
of time

0 The adverse travel impacts resulting from the project are potentially severe

The report provides:

0 A travel impact evaluation process for major highway reconstruction projects
0 Guidelines on the selection of appropriate analysis tools
0 Reviews of available analysis tools which have potential application

0 Reviews of corridor traffic management planning efforts for five major highway
reconstruction projects

The scope of this report--the application of available analysis tools for travel impact
evaluation--is only a part of the corridor traffic management planning process. The major
tasks in developing an effective corridor management program are outlined in Table 1.
The role of the travel impact evaluation process is to produce the information that
decision makers need in order to select among alternative transportation management
plans.

Available Analysis Tools
Available analysis tools with potential application to the reconstruction project travel
impact evaluation process are grouped into five categories:

0 Network-based highway and transit planning models
0 Quick-response estimation techniques

o Highway capacity analysis procedures

o Traffic simulation models

o Traffic optimization models



TABLE 1. CHECKLIST OF TASKS IN DEVELOPING A CORRIDOR MANAGEMENT

PROGRAM FOR A MAJOR HIGHWAY RECONSTRUCTION PROJECT

DEVELOP TRANSPORTATION MANAGEMENT PLAN

*A. Identify and quantify the problem
*B. Identify the corridor
*C. Inventory the corridor system
. Identify key opinion makers
Develop support for transportation management concept
Establish transportation management team and other committees
Identify goals and constraints
Identify possible mitigation measures
Quantify contributions and estimated costs of mitigation measures
Identify funding sources and amounts
Select traffic mitigation plan and schedule
“Sell” the traffic management plan to support and funding agencies
M. Include traffic management plan provisions in contract documents

* % ok

e 1 ulule;

PREPARE TO CARRY OUT PLAN

A. Prepare public awareness campaign

B. Establish implementation team

C. Perform necessary “off-project” work identified above
D. Insure adequate staffing for plan implementation

E. Perform necessary dry runs and refine plan as needed
F. Publicize and market traffic management plan

CARRY OUT AND OPERATE PLAN

A. Start construction

B. Begin ongoing transportation monitoring program

C. Continue weekly transportation management team meetings
D. Maintain incident management efforts

E. Maintain media briefings

POST-CONSTRUCTION ACTIVITIES

A. Continue transportation management team for ongoing customer service
B. Hold separate post-construction meeting to discuss plan

C. Evaluate contractor for pre-qualification ratings for future jobs

D. Evaluate and revise checklist for future construction projects

*Scope of the travel impact evaluation process.

' ) ' ' lon. Special Report
212. Washmgton DC: Transportat|on Research Board, 1087.



The analysis tools in each category that are reviewed in this report are listed in
Table 2. Only a sample of the analysis tools available were reviewed. The
Microcomputers in Transportation Software and Source Book) provides a more
extensive list of available microcomputer-based analysis tools. The selection of particular
tools for review does not indicate an endorsement of those tools.

Each category of analysis tools has specific applications. Network-based highway
and transit planning models perform travel demand modeling functions (i.e., trip
generation, trip distribution, mode split, and traffic assignment) using a link-node
representation of the highway and transit networks in an urban area. Quick-response
estimation techniques perform some or all of the same travel demand modeling functions
using simplified, non-network-based analyses that are less time, labor, and data intensive
than network-based models. Highway capacity analysis procedures translate roadway,
traffic, and operational control conditions into estimates of capacity, level of service, and
other operational measures of effectiveness (MOEs). Traffic simulation models are able
to account for the time-varying nature of traffic flows and the complex interactions among
highway geometric elements in estimating operational and/or economic MOEs as a
function of roadway, traffic, and operational-control conditions. Traffic optimization
models are used to develop optimal signal phasing and timing plans for isolated
signalized intersections, arterial streets, or signal networks.

Summaries of a sample of available analysis tools in each category are provided
in Appendix A. More detailed reviews of the tools are presented in Appendix B.

It should be emphasized that current knowledge is limited on how motorists adjust
their travel patterns in response to a major highway reconstruction project. Furthermore,
there have been few, if any, reconstruction-related applications of many of the tools
reviewed in this report. Therefore, it is difficult to make definitive statements on how
accurately the analysis tools would perform in a reconstruction context. Many of the
applications that have been documented are summarized in this report. However, it is
important that the experiences gained and lessons learned from major reconstruction
projects continue to be documented and shared with highway agency officials throughout
the country so that planning procedures and analysis tools can be improved.



TABLE 2. ANALYSIS TOOLS REVIEWED IN THIS REPORT

SEE REVIEW
ANALYSIS TOOL ON PAGE
NETWORK-BASED HIGHWAY AND TRANSIT
PLANNING MODELS B-2
QUICK-RESPONSE ESTIMATION TECHNIQUES
NCHRP 187 Manual Methods B-8
NCHRP 255 Traffic Assignment
Refinement Techniques B-13
LINKOD B-19
TRIPS B-19
MODE CHOICE B-23
RTD Pivot Point Logit Model B-23
HIGHWAY CAPACITY ANALYSIS PROCEDURES
1985 Highway Capacity Manual/
FHWA Highway Capacity Software B-26
TRAFFIC SIMULATION MODELS
QUEWZ B-33
FREWAY B-33
DELAY B-33
FREQ B-39
TRAFLO B-39
INTRAS B-39
NETSIM B-48
PASSER-IV B-52
TRAFFIC OPTIMIZATION MODELS
SOAP B-57
TRANSYT-7F B-57
SIGOP Il B-57
PASSER II-87 B-57
MAXBAND 86 B-57

NOTE: This listis not intended to be all inclusive. Existing analysis tools are frequently
modified and updated, and new tools are continually being developed.



Previous Experiences with Corridor Traffic Management Planning

Major reconstruction projects have been completed or are currently underway on
a number of major urban freeways throughout the United States. There are many
valuable lessons to be learned from those experiences. This report summarizes the
experiences from five major projects, listed below in chronological order:

0 |-376, Penn-Lincoln Parkway East, in Pittsburgh
0 [-93, Southeast Expressway, in Boston

0 |-76, Schuylkill Expressway, in Philadelphia

0 US-IO, John C. Lodge Freeway, in Detroit

0 1-394 in Minneapolis

Each project had the potential for seriously disrupting traffic flow. The responsible
agencies took considerable effort to evaluate the potential impacts and to develop
strategies to mitigate those impacts. The approaches taken to evaluate the potential
impacts included the use of regional transportation models, quick-response estimation
techniques, highway capacity analysis, and manual traffic assignments.

In each case, the question was what the nature and magnitude of the impacts
would be. In Pittsburgh, quick-response estimation techniques were used in the early
stages of the planning process to evaluate corridor-wide impacts. In Boston, the results
from a recent origin-destination survey, along with capacity analysis and manual traffic
assignments, were used to evaluate travel impacts. In Philadelphia, an origin-destination
study was conducted in the corridor; the results from the study, coupled with manual
traffic assignments, formed the basis for the travel impact evaluation. In Detroit, officials
made use of the regional transportation model to perform traffic assignment analyses for
the alternative traffic management strategies that were being considered. In Minneapolis,
planning for the reconstruction period was performed as part of a larger planning effort
for developing a long-range Transportation Systems Management (TSM) plan for the
-394 corridor.

The traffic management strategies that resulted from the planning effort also varied.
In Pittsburgh, work was performed in one direction of the four-lane Parkway East while
two-way traffic was maintained in the other direction. An extensive package of TSM-type
improvements on alternative routes and modes was implemented to mitigate the adverse
travel impacts of the capacity reductions on the Parkway.
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In Boston, the six-lane Southeast Expressway was divided into four two- lane
segments (with shoulders used as temporary lanes) and the segments were allocated as
follows: one segment at a time was reconstructed, two segments were dedicated to
directional traffic flow, and one segment was reversible for peak direction through traffic
during peak periods. An extensive package of TSM improvements on alternative routes
and modes was implemented to provide the maximum number of travel alternatives to
Expressway users.

In Philadelphia, the reconstruction of the Schuylkill Expressway was divided into
three phases. Throughout the reconstruction zone, two lanes of the Expressway, which
varied in cross section from four to eight lanes, were closed. In the four-lane segments,
this meant that two-way traffic operated on one directional roadway while the other
roadway was reconstructed. Most of the entrance ramps in the reconstruction zone were
closed in order to control local traffic demand. In addition, TSM-type improvements were
made to alternative routes and modes to accommodate diverted local traffic.

In Detroit, one direction of the six-lane Lodge Freeway was closed at a time, and
all traffic in that direction was diverted to alternative routes. Normal traffic operations were
maintained in the open direction. The unused capacity that was available on four primary
alternative routes was almost sufficient to accommodate the diverted traffic, and therefore,
only minor improvements were made to alternative routes and modes.

In Minneapolis, only minor capacity reductions were made on US 12--the route
being upgraded to 1-394--and an interim reversible HOV lane was provided in the median
since only limited unused capacity was available on alternative routes in the corridor.

The experiences from the five projects reviewed demonstrate that major urban
freeway reconstruction can be conducted without intolerable disruptions in corridor traffic
flow. The planning approaches for each project were successful in that they provided
the information that led to effective corridor traffic management plans. The traffic
management and impact mitigation strategies, the latent capacity in the corridor, and the
ingenuity of motorists in adjusting their travel patterns all contributed to the fact that the
regional transportation networks were able to accommodate the capacity reductions on
the highway being reconstructed with less congestion and delay than project planners
had predicted.

More detailed reviews of the experiences at the five projects are presented in
Appendix C.



ORGANIZATION AND CONTENTS OF THE REPORT
The following sections of the report are organized to assist highway agency
officials in:

o Determining the types of analyses that might be required to evaluate the travel
impacts of a major highway reconstruction project

0 Identifying appropriate analysis tools for conducting these evaluations

Section 2 of the report presents a travel impact evaluation process for major
highway reconstruction projects. The process is an organized framework of steps that
are typically followed in evaluating travel impacts. The evaluation process was designed
to assist officials in determining the types of travel impact evaluations that are required
and in identifying the general categories of analysis tools that could be used in each step
of the evaluation.

Section 3 presents guidelines on the selection of analysis tools that would be
appropriate for a particular reconstruction project. The guidelines identify the key factors
that should be considered in selecting the analysis tools to use for a particular project.

Section 4 summarizes the recommendations of the report.

Appendix A provides a one-page summary of each analysis tool that was reviewed.
The summaries discuss the analysis capabilities, data requirements, output, computer
needs, and availability of the tools.

Appendix B provides more detailed reviews of the analysis tools. The reviews
discuss each tool's application and purpose, use, limitations, data requirements,
advantages and disadvantages, success at forecasting travel during actual reconstruction,
and appropriateness for reconstruction project travel impact evaluation.

Appendix C contains detailed reviews of the planning efforts for five major
reconstruction projects. The reviews summarize the planning efforts undertaken, the
traffic management strategies employed, and the actual travel impacts observed. The
reviews highlight the experiences gained from these projects.

The report is structured so that the reader can gain insights from the main body
of the report about the steps in the evaluation process and the types of analysis tools that
may be appropriate for a particular reconstruction project. The reader may then refer to
Appendices A and B for more detailed information about the types of analysis tools that
are of particular interest and to Appendix C for insights into the experience gained and
lessons learned from five actual projects.



2. RECONSTRUCTION PROJECT TRAVEL IMPACT EVALUATION PROCESS

Each highway reconstruction project is different--with a unique set of conditions and
constraints that requires individualized analyses and customized solutions. However,
many of the factors that should be considered in evaluating the travel impacts of highway
reconstruction are common to most projects. The travel impacts are changes in travel
patterns (particularly traffic diversion to alternative routes) and increases in travel times
throughout the affected corridor. The affected corridor consists of the highway being
reconstructed as well as alternative routes and modes of travel.

This section of the report outlines a process for evaluating the travel impacts
resulting from a major highway reconstruction project and identifies the types of analysis
tools that might be useful in the process. The travel impact evaluation process is a logical
sequence of steps typically followed in estimating the travel impacts associated with
alternative traffic management strategies for major highway reconstruction projects. A flow
chart of the process is presented in Figure 1. The outputs from the process are pertinent
MOEs that would be useful to highway agency officials in selecting among traffic-handling
options and in finalizing a traffic management plan. The development of the process was
based on the reviews of the planning efforts for the five projects summarized in Appendix
C as well as on insights from the planning procedures recommended by Abrams and
Wang (3) Neveu and Maynus (4) Anderson et al. (5) and the Texas Transportation
Institute (6).

As Figure 1 illustrates, the process begins with an inventory of the affected corridor
and the identification of the traffic-handling options to be evaluated. These steps are
interrelated. Knowledge of conditions in the corridor (particularly the availability of unused
capacity on alternative routes) influences the selection of viable traffic-handling options.
On the other hand, the types of traffic-handling options that are being considered
influence the scope of the inventory. For example, if significant reductions in capacity are
being considered, then all routes that are likely to be affected should be inventoried; but
if the policy of the highway agency is to maintain adequate reconstruction zone capacity
for existing traffic, then the inventory might be restricted to the highway being
reconstructed.

A major determinant of the severity of the travel impacts is the magnitude of the
reduction in capacity on the highway being reconstructed. Therefore, the first step in
evaluating a particular traffic-handling option is to estimate the capacity of the
reconstruction zone. If the reconstruction zone has adequate capacity to accommodate
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Affect Corridor Handling Options
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Figure 1. Flow Chart of Reconstruction Project Travel Impact Evaluation Process
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normal traffic volumes (i.e., what the traffic volumes would be without the reconstruction
project) at an acceptable level of service, then the scope of the evaluation may be
restricted to the highway being reconstructed. In this case, the travel impact evaluation
Is straightforward and may proceed directly to the estimation of operational and economic
MOEs for comparison with other alternatives that are being considered.

If the capacity of the reconstruction zone is not adequate, then some traffic would
be forced to divert to alternative routes and modes. The travel impacts would extend
beyond the highway being reconstructed, and therefore, the scope of the evaluation
should be corridor-wide. For a corridor-wide evaluation, the next step would be to
compare corridor-wide traffic volume and capacity. If the total capacity of all routes and
modes in the corridor appears sufficient to accommodate normal corridor-wide traffic
volumes across key screenlines at an acceptable level of service, then the evaluation may
proceed with estimating the changes in travel patterns in the corridor. However, if the
existing capacity in the corridor is inadequate, then it may be necessary to refine the traffic
management plan to incorporate special impact mitigation strategies. In this case, the
corridor-wide capacity estimates should be revised to account for the selected impact
mitigation strategies.

A key step in a corridor-wide evaluation is estimating the changes in travel patterns
in the corridor. The experiences from the five projects reviewed in this report suggest that
the changes are most likely to be a reallocation of traffic among alternative routes and
modes in the corridor.

The next evaluation step is to translate the predicted changes in travel patterns in
the corridor into operational and economic MOEs. Operational MOEs, including travel
times and average speeds, are needed to determine whether the travel impacts for a
particular traffic management plan are acceptable as well as to compare alternative plans.
Economic MOEs, particularly road user costs, are needed to compare the costs and
benefits of alternative plans. If the travel impacts associated with a particular plan are
deemed unacceptable, then the plan should be either refined or eliminated from further
consideration. If the plan is refined, it should be re-evaluated. The process continues
until decision makers have all the information they require to select a final plan.

The following paragraphs provide a more detailed discussion of the steps in the
impact evaluation process.
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INVENTORY THE AFFECTED CORRIDOR
The first step in the travel impact evaluation process is to inventory the affected
corridor. The inventory can be broken into four parts:

0 Define the boundaries of the affected corridor
0 Inventory the existing transportation facilities and services in the corridor
0 Inventory the current usage in the corridor

0 Estimate operational MOEs for existing conditions

Knowledge of existing transportation facilities and services and traffic conditions
influences the development of alternative traffic management strategies. The existing
traffic conditions represent the base condition against which the traffic patterns and travel
impacts of alternative traffic management plans are compared. Thus, a thorough and
accurate inventory is vital to the establishment of reasonable goals, the identification of
viable traffic-handling options, the accuracy of travel impact estimates, and the soundness
of the decisions made concerning the reconstruction project.

Define the Boundaries of the Affected Corridor

The boundaries of the affected corridor define the scope of the evaluation. The
extent of the region affected by a reconstruction project depends primarily upon:

0 The severity of the capacity reductions on the highway being reconstructed

0 The availability of unused capacity on alternative routes and modes

0 The opportunities to increase the capacity of alternative routes and modes

The scope of the evaluation should include all routes likely to experience significant
changes in travel patterns during reconstruction.

Inventory the Existing Transportation Facilities and Services in the Corridor
The transportation facilities and services that should be inventoried include the
following:

0 The highway being reconstructed

12



o The major alternative highway routes for diverted traffic
0 Other surface streets that may also be impacted
o Existing bus, rail transit, and commuter boat routes and terminals

0 High-occupancy vehicle (HOVR services and facilities including carpool/vanpool
programs and park-and-ride lots

The inventory of the transportation system in the affected corridor is a data
collection effort that defines the capacity and other important link characteristics of the
existing highway and transit networks. The capacity of the links in each network is of
primary interest. Highway capacity analysis procedures may be used to translate link
characteristics into capacity estimates if capacity estimates are not available from previous
studies.

Link characteristics that either influence capacity or limit the opportunities for
improvements on alternative routes should be identified. Important link characteristics
include:

o Roadway cross section (facility type, number of travel lanes, lane and shoulder
widths, and on-street parking

0 Restrictions on turning movements or on use by trucks (and whether they are
imposed for operational, geometric, or structural reasons)

o Presence of traffic signals and other controls (location of signal- or

stop-controlled intersections; type of control; and signal phasing, timing, and
coordination)

Inventory the Current Usage in the Corridor

The inventory of the current usage in the affected corridor is primarily a data
collection effort that should define the volume and character of traffic using the existing
highway network, and the ridership of the existing transit networks. Important usage data
for the highway network include:

o Directional traffic volumes (daily and hourly)

o Traffic composition (by vehicle type)

0 Auto o)ccupancy (on both the highway being reconstructed and the alternative
routes

o Origins and destinations of current users of the highway being reconstructed

13



The data collection procedures for the first three items listed above are
straightforward. However, it may be more difficult to identify the origins and destinations
of current users of the highway being reconstructed. An origin-destination trip table is
necessary in order to perform a corridor-wide evaluation. Table 3 identifies the alternative
ways to obtain a trip table. If an origin-destination trip table is not available from a
regional transportation model or a previous study, then considerable effort would be
required to obtain the desired information.

Estimate Operational MOEs for Existing Conditions

The inventory should also estimate operational MOEs, including average travel
times and speeds, which would define the base condition against which the travel impacts
of the reconstruction project would be compared. These MOEs should be obtained
through travel time studies in the corridor. In lieu of field studies, travel times could be
estimated for comparative purposes using (1) the traffic assignment component of
network-based planning models, or (2) traffic simulation models. However, some actual
travel time data should be collected to calibrate the models and to validate their estimates
of travel times.

IDENTIFY TRAFFIC-HANDLING OPTIONS

In this step, it is assumed that decision makers select one or more basic
traffic-handling options that they would like the analyst to evaluate. The travel impact
evaluation process as illustrated in Figure 1 is structured to evaluate one traffic-handling
strategy at a time. Therefore, if several alternatives are to be evaluated, the process
would be repeated for each alternative in turn. At each decision point, the decision maker
should determine how to proceed, based upon the information supplied by the analyst.

Traffic-handling options may be characterized by the magnitude of the reduction
in capacity on the highway being reconstructed. The individual strategies represent
different allocations of roadway space between the contractor and the motorists.
Traffic-handling options may be grouped into three general categories:

0 Minor capacity reductions--the narrowing of lane and/or shoulder widths in

order to maintain the same number of lanes on the highway being
reconstructed, at least during peak periods

o Partial closure--the closure of some, but not all, lanes in one or both directions
of the highway being reconstructed

14



TABLE 3. ALTERNATIVE WAYS TO OBTAIN AN ORIGIN-DESTINATION TRIP TABLE

1 USE AN EXISTING TRIP TABLE:

a.  Use an up-to-date trip table from a validated regional transportation
model, or

b. Refine and update a trip table from a previous study using a quick-
response estimation technique (TRIPS or LINKOD).

2. CREATE A NEW TRIP TABLE:

a. Perform an origin-destination survey specifically for the affected
corridor, or

b.  Estimate a trip table from observed link volumes and (optionally) turning
movements using LINKOD, or

c.  Perform atrip distribution analysis:
(1) Using a network-based highway and transit planning model, or

(2) Using quick-response estimation techniques.

15



o Total closure--the closure of all lanes in one or both directions of the highway
being reconstructed

A corridor traffic management plan includes (1) a basic traffic-handling option for
the highway being reconstructed, and (2) strategies to mitigate the travel impacts
throughout the affected corridor. Impact mitigation strategies include (1) techniques to
increase the capacity of the reconstruction zone, and (2) TSM-type improvements on
alternative routes and modes.

Many factors influence the selection of the traffic-handling options that should be
considered for a particular reconstruction project. Some of the major factors include the
following:

0 The space requirements to perform the reconstruction
0 The time constraints for performing the work
0 The volume of traffic that must be accommodated

0 The availability of suitable alternative transportation facilities and services in
the corridor

0 The cost of the traffic management plan

0 The goals and policies of the highway agency with respect to acceptable levels
of travel impacts

In selecting a traffic-handling option, tradeoffs must be considered between savings
in reconstruction costs and increases in traffic management and road user costs.
Generally, as more roadway space is allocated to the reconstruction activity,
reconstruction costs decrease, but traff ic management and road user costs increase. The
travel impact evaluation process focuses on the traffic management and road user cost
issues.

ESTIMATE THE CAPACITY OF THE RECONSTRUCTION ZONE

The first thing that must be done to evaluate a traffic-handling option is to
determine the changes in traffic-handling capacity through the reconstruction zone. The
capacity of the reconstruction zone is a major determinant of the magnitude of travel
impacts that will result from the reconstruction project. It may be adequate to estimate
the capacity for the most restrictive location, which would be the case if the highway being
reconstructed served primarily through traffic. On the other hand, if the highway serves
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primarily short-trippers or if the project is conducted in phases, then it may be necessary
to estimate the capacity of each segment.

Unfortunately, available data on the capacity of long-term reconstruction zones is
limited. Chapter 6 of the 1985 Highway Capacity Manual (7) summarizes the available
data. Another approach would be to use the standard capacity analysis procedures for
the appropriate highway type to estimate the capacity through the reconstruction zone
based upon the geometry of the reconstruction zone and the traffic composition data
obtained during the inventory of the corridor. The review of highway capacity analysis
procedures in Appendix B discusses some of the difficulties in estimating reconstruction
zone capacity.

Capacity analysis procedures can be used to estimate the level of service and
average speed through the work zone based upon existing traffic volumes. If the
traffic-handling option provides an acceptable level of service, then the travel impacts may
be restricted to the highway being reconstructed,and the evaluation may proceed directly
to the estimation of operational and economic MOEs. If the level of service is
unacceptable, then it is likely that traffic will divert from the highway being reconstructed
and a corridor- wide evaluation should be conducted.

COMPARE CORRIDOR-WIDE VOLUME AND CAPACITY

If the capacity through the reconstruction zone is inadequate, then corridor-wide
traffic volumes and capacities should be compared to determine whether the available
capacity on alternative routes and modes in the corridor could compensate for the
reductions in capacity on the highway being reconstructed. In this step, the corridor-wide
traffic volumes and capacities determined in preceding steps are compared. The
comparison of volumes and capacities should be made at critical screenlines. Since
volumes and capacities may vary through the length of the corridor, it may be necessary
to check several screenlines, including (1) the one running through the segment of the
highway being reconstructed with the greatest reduction in capacity, and (2) the one with
the highest total corridor volume.

If the total corridor-wide capacity appears to be adequate, then a good traffic
control plan for the reconstruction zone and a good public information program may be
sufficient to provide acceptable traffic flow throughout the corridor. In this case, the
evaluation could proceed directly to the estimation of the changes in travel patterns in the
corridor. If the total corridor-wide capacity appears to be inadequate, then it may be
necessary to revise the traffic management plan.
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REVISE TRAFFIC MANAGEMENT PLAN

If, in the previous step, it appears that the corridor-wide capacity would be
inadequate to accommodate traffic flow at an acceptable level of service during
reconstruction, then the traffic management plan should be revised to incorporate impact
mitigation strategies. Impact mitigation strategies include:

0

0]

Traffic-control techniques to increase the capacity of the reconstruction zone

TSM-type improvements to increase the capacity of alternative routes and
modes

A number of traffic-control techniques might be employed to maximize the
reconstruction zone capacity for a given traffic-handling option.  Some of the
capacity-enhancing techniques that were employed at the five reconstruction projects
reviewed in this report (Pittsburgh, Boston, Philadelphia, Detroit, and Minneapolis) are as

follows:

0

Phasing reconstruction activities to minirnize the number of lanes closed and
the length of section affected by lane closures at any point in time

Using portable concrete median barriers and screens to separate the travel
lanes from work areas or to separate opposing lanes of traffic

Closing ramps or restricting ramps to HOVs only in the reconstruction zone
Widening and upgrading shoulders for use as travel lanes

Using exclusive, reversible lanes for peak-period, peak-direction through or
HOV traffic

Increasing the frequency of police and courtesy patrols through the
reconstruction zone to reduce incident detection time

Providing free tow truck service in the reconstruction zone to reduce incident
response time

A variety of TSM-type improvements might be employed to increase the capacity
of alternative routes and modes in order to mitigate the adverse travel impacts in the
affected corridor. Tables 4 and 5 summarize the types of improvements in each category
that have been incorporated into the traffic management plans for the five reconstruction
projects reviewed in this report.
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REVISE CORRIDOR-WIDE CAPACITY ESTIMATES

The traffic management plan being evaluated may include several of the impact
mitigation strategies identified in Tables 4 and 5 in order to increase the capacity of the
highway being reconstructed and/or the alternative routes and modes in the corridor. In
this step the changes in the traffic-handling capacity of those routes and/or modes are
estimated. Highway capacity analysis procedures could be used to estimate the changes
in capacity associated with the impact mitigation strategies. It may be necessary to
express capacities in terms of persons, instead of vehicles, if HOV services are available
in the corridor.

ESTIMATE THE CHANGES IN TRAVEL PATTERNS IN THE CORRIDOR

A key step in a corridor-wide evaluation is to estimate how current users of the
highway being reconstructed will respond to a particular traffic management plan and
what the secondary impacts will be on current users of alternative routes and modes in
the corridor. This is perhaps the most difficult step in the evaluation process because
information on how motorists respond to reconstruction projects is extremely limited. The
experience gained from the five reconstruction projects reviewed in this report provides
valuable insight into the types of responses to expect. However, a much broader data
base is required in order to assess the sensitivity of motorist responses to different levels
of impact and to alternative traffic management strategies.

The experiences from the five projects reviewed in this report suggest that
motorists respond to major reconstruction projects in one of five ways:

1. Cancellation of trips in the corridor, i.e., either cancel the trip altogether or
change the trip destination to avoid the corridor

2. Spatial diversion, i.e., continue to travel in the corridor by automobile but on
an alternative route

3. Temporal diversion, i.e., continue to travel in the corridor by automobile but
at a different time of day

4. Modal diversion, i.e., continue to travel in the corridor but by a different mode

5. Continuation of normal travel patterns
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TABLE 4. IMPROVEMENTS ON ALTERNATIVE HIGHWAY ROUTES IN THE CORRIC

Pittsburgh

Boston

Philadelphia

Detroit

Signal Operations Improvements
e.g., Coordination
Retiming
New Signals
Modernized Signals
Temporary Signals

Other Operations Improvements
e.g., Left-Turn Restrictions
On-Street Parking Restrictions
Reversible Lanes
Signing/Lighting/Marking
Improvements

Police Control at Key Locations
Coordinating Maintenance Schedules

RoadwayConstruction

e.g., Minor Widening
Addition of Turning Lanes
Improved Connectors
Repaving
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TABLE 5. IMPROVEMENTS IN HIGH-OCCUPANCY VEHICLE AND PUBLIC TRANSPORTATION SERVICES

Pittsburgh

Boston

Philadelphia

Detroit

New or Expanded Rail Service
e.g., New Commuter Train
Additional Cars on Existing
Trains
Extension of Rail Service
Beyond Existing Terminus
Additional Trains to Increase
Service Frequency
Additional Police for Security

Expanded Bus Service
e.g., New Express Buss Routes
Additional Feeder Service
to Commuter Train
Additional Buses to Maintain/
Increase Pre-Reconstruction
Headways
Backup Buses On-Call in Case
of Delays

Expanded Commuter Boat Service
New or Expanded Park-and-Ride Lots

New or Expanded Ridesharing
Programs

Restricting Ramps to High-
Occupancy Vehicles Only

Reversible Lanethrough
Reconstruction Zone for High-
Occupancy Vehicles Only
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These motorist responses can be measured as changes in:

1. Trip generation rates
2. Trip distribution patterns, i.e., origin-destination trip tables
3. Mode split and/or auto occupancy rates

4. Traffic assignments among routes in the corridor, i.e., traffic volumes on all
routes across a screenline through the corridor

The experiences from the five projects reviewed in this report suggest that the
cancellation of trips in the corridor is an uncommon response and that changes in total
corridor volumes are likely to be minor. The most common response of motorists in
Pittsburgh, Boston, Philadelphia, and Detroit was spatial diversion, which was evidenced
by changes in the allocation of total corridor volumes among alternative routes in the
corridor. Temporal diversion, primarily earlier departure times, was also documented in
Pittsburgh and Boston. Small amounts of modal diversion have also occurred. More
detailed information on the observed motorist responses to the five projects is provided
in Appendix C.

These experiences suggest that changes in trip generation rates and trip
distribution patterns may be uncommon, and that traffic assignment procedures may be
the most important tools in estimating changes in travel patterns. Changes in trip
generation rates and in trip distribution patterns due to the cancellation of trips in the
corridor are undesirable to business establishments in the corridor, because of the fear
of losing customers. If such changes are predicted then it may be necessary to refine or
eliminate the traffic management plan. Alternatively, the analyst may (1) assume that no
changes in either trip generation rates or trip distribution patterns will occur, and (2)
evaluate the changes in mode split and traffic assignments that would occur based upon
that assumption.

Changes in travel patterns can be estimated using an analysis tool with traffic
assignment capabilities (i.e., network-based highway and transit planning models,
quick-response estimation techniques, and certain traffic simulation models). If an
up-to-date network-based planning model for the affected corridor exists, then the
required analyses could be performed with reasonable effort. However, considerable time
and effort would be required if a new origin-destination trip table and a network
representation of the corridor must be developed. A less time and labor-intensive
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approach would be to use non-network-based, quick-response estimation techniques.
Another approach would be to use a traffic simulation model that has traffic assignment
capabilities, but these, too, require considerable time and effort if a trip table and a
network representation of the corridor must be developed.

ESTIMATE OPERATIONAL AND ECONOMIC MOEs

The objective of this step is to translate the changes in travel patterns into more
meaningful measures of the travel impacts on motorists, such as travel time or average
speed. Perhaps the most understandable measure is delay, i.e., the increase in travel
times due to the reconstruction project. It may be desirable to provide delay estimates
for the corridor as a whole as well as for individual routes in the corridor. Other useful
corridor-wide MOEs include total vehicle-miles traveled and total vehicle-hours traveled.
The corridor-wide MOEs can be estimated by network-based planning models, whereas
route-specific MOEs, including travel times and speed, are better estimated using highway
capacity analysis procedures or traffic simulation models.

It may also be desirable to translate the operational MOEs into road user costs in
order to compare the costs and benefits (savings in road user costs) associated with the
traffic management plan as a whole or with individual impact mitigation strategies. Most
of the analysis tools do not estimate road user costs and, therefore, it may be necessary
to compute costs manually. Generally, delay costs are the largest component of
road user costs (in comparison with accident and vehicle operating costs). Delay costs
can be estimated by multiplying the total vehicle hours of delay by an accepted dollar
value of time.

If the MOEs are acceptable, then the traffic management plan may be finalized. If
the MOEs are unacceptable, then it may be necessary to revise the traffic management
plan and evaluate the revised plan.

FINALIZE TRAFFIC MANAGEMENT PLAN

The objective of the travel impact evaluation process is to provide highway agency
officials the information needed to select among alternative traffic management plans. It
should be re-emphasized that the process is an evaluation, not a decision-making,
framework. The process is completed when decision makers have all the information they
need to select a final traffic management plan for the reconstruction project.
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3. GUIDELINES ON THE SELECTION OF APPROPRIATE ANALYSIS TOOLS

This section provides guidelines on the selection of appropriate analysis tools to
evaluate the travel impacts of a given reconstruction project. First, the types of analysis
tools that have potential application to the reconstruction project travel impact evaluation
process are identified. Second, general considerations on the selection of appropriate
analysis tools are discussed. Finally, more specific recommendations are made for
selected types of projects.

AVAILABLE ANALYSIS TOOLS FOR RECONSTRUCTION PROJECT TRAVEL IMPACT
EVALUATION

Available analysis tools with potential application to the travel impact evaluation
process for highway reconstruction projects are grouped into five categories:

0 Network-based highway and transit planning models
0 Quick-response estimation techniques

0 Highway capacity analysis procedures

o Traffic simulation models

o Traffic optimization models

Table 6 summarizes the steps of the travel impact evaluation process in which each
tool could be used.

Network-based highway and transit planning models are particularly useful if a
corridor-wide evaluation is required. Network-based planning models could be used in
several steps of the evaluation process. The primary role of the planning models would
be in the traffic assignment and mode split analyses required to estimate changes in
corridor travel patterns. In the inventory of the affected corridor, they could be used to
identify the origins and destinations of the current users of the highway being
reconstructed. These models might also be used to estimate corridor-wide operational
MOEs, such as total vehicle-miles traveled and vehicle-hours traveled.
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TABLE 6. APPLICATIONS OF AVAILABLE ANALYSIS TOOLS

TOOLS
STEPS IN TRAVEL IMPACT Network-Based Quick-Response Highway Capacity Traffic Traffic
EVALUATION PROCESS Planning Estimation Analysis Simulation Optimization
Inventory the Affected Corridor X X X X
Identify Traffic-Handling Options
Estimate the Capacity of the X
Reconstruction Zone
Compare Corridor-Wide Volume
and Capacity
Revise Traffic Management Plan X X X
Revise Corridor-Wide Capacity X
Estimates
Estimate the Change in Travel X X X
Patterns in the Corridor
Estimate Operational and X X X X X

Economic MOES




Quick-response estimation techniques could be used as an alternative to
network-based planning models. They are simplified, non-network-based techniques for
performing the same travel demand forecasting functions as network-based planning
models.  Key issues in selecting between network-based planning models and
quick-response estimation techniques are identified in the discussion that follows on
general considerations in selecting appropriate analysis tools.

Highway capacity analysis procedures play a vital role throughout the travel impact
estimation process. The magnitude of the impact is directly related to the magnitude of
the reduction in capacity on the highway being reconstructed. Capacity analysis
procedures are used to estimate the capacity of the reconstruction zone as well as
alternative routes and modes. Capacity analysis procedures may be useful in the design
of impact mitigation strategies that need to be incorporated into the traffic management
plan. Capacity analysis procedures may also be used to estimate operational MOEs,
including level of service and average speed, on both the highway being reconstructed
and alternative routes. It is essential that capacities be accurately estimated in order to
produce realistic projections of travel impacts and to develop a cost-effective traffic
management plan.

Traffic simulation models may be used to simulate existing traffic conditions in the
corridor and to estimate operational MOEs for alternative traffic management plans.
Those traffic simulation models with traffic assignment capabilities may also be useful in
evaluating the changes in travel patterns resulting from a reconstruction project. Traffic
simulation models would be a primary tool for computing operational and economic
MOEs, particularly when the time-varying nature of traffic flows is important or when
geometries are complex.

The principal role of traffic optimization models in the travel impact evaluation
process would be in the refinement of the improvements on alternative routes that are
included as a component of a candidate traffic management plan. Traffic optimization
models also provide estimates of operational and economic MOEs.

Table 2 listed the analysis tools in each category that are reviewed for this report.
In many cases several tools could be used to perform a particular analysis, but with a
different level of effort and different level of accuracy and detail in the output. The actual
level of effort required to use the various tools depends on several factors including:

0 The user’s familiarity with the tool
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0 The availability of previous applications of the tool in the same corridor
0 The availability of data

0 The scope of the analysis

It is difficult to define the level of effort needed to use each tool in absolute terms.
However in relative terms, network-based tools (highway and transit planning models and
certain traffic simulation models) require greater effort than tools that are not
network-based.

The level of accuracy and detail of the output from the tools depends on several
factors including:

0 The level of accuracy and detail of the input data
0 The number of simplifying assumptions made in the analysis
0 The effort taken to calibrate the tool to known base conditions

0 The validity of the analytical approach for the particular application

Analysts should clearly understand the reliability of the tools used before
interpreting results obtained. There have been few reconstruction related applications of
most of the analysis tools reviewed. Therefore, it is difficult to judge the accuracy of the
procedures. However, a general indication of the appropriateness of the tools for use in
the reconstruction project travel impact evaluation process is provided in the detailed
reviews in Appendix B.

It must be emphasized that given the limited information currently available on
motorist responses to major highway reconstruction projects and the lack of real-world
applications of most of the analysis tools in a reconstruction context, the use of all of the
analysis tools must be tempered with a thorough knowledge of local conditions and with
sound judgment.

GENERAL CONSIDERATIONS IN SELECTING APPROPRIATE ANALYSIS TOOLS
The travel impact evaluation process could be performed using several different

combinations of analysis tools. Analysis tools vary in terms of their capabilities, accuracy,

and detail as well as their data, time, computer, and manpower requirements.
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The analysis tools that are most appropriate for a particular project depend on a number
of factors, including the following:

o The nature, magnitude, and complexity of the project

0 The type of highway being reconstructed

o The amount of time needed to complete the reconstruction project
o The length of the highway segment being reconstructed

0 The volume of traffic that will be impacted

0 The size and complexity of the affected corridor

0 The availability of unused capacity on alternative routes

0 The potential for shifting trips to transit or other HOV modes

0 The potential for TSM improvements on alternative routes and modes
0 The experience of the planning or highway agency staff

0 The time and personnel available for planning activities

0 Computer and data resources available

Primarily the magnitude and duration of the capacity reductions on the highway
being reconstructed determine the appropriate scope and level of effort for the travel
impact evaluation. Three categories of capacity reductions were defined earlier: (1) minor
capacity reductions, (2) partial closures, and (3) total closures. In general, the greater the
reduction in capacity on the highway being reconstructed and the longer the duration of
the reductions, the more serious the potential travel impacts, the greater the investment
in traffic management, and the greater the scope and level of effort justified in the travel
impact evaluation.

Figure 2 illustrates the major decisions that must be made in selecting the
appropriate analysis tools. The most critical decision involves the scope of the evaluation;
i.e., whether a corridor-wide evaluation is required or whether the evaluation may be
restricted to the highway being reconstructed. The level of effort for a corridor-wide
evaluation is greater than for an evaluation restricted to the highway being reconstructed;
therefore, a corridor-wide evaluation should be performed only when justified. In general,
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Figure 2. Decision Tree for Selecting Analysis Tools for the Travel Impact Evaluation

Process
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if a partial or total closure is being considered, then a corridor-wide evaluation would be
justified; whereas, if only minor capacity reductions are being considered, then the
evaluation could be restricted to the highway being reconstructed. A corridor-wide
evaluation would consider the highway being reconstructed as well as alternative routes
and modes in order to estimate the nature and magnitude of the changes in travel
patterns that are likely to occur throughout the affected corridor.

After the scope of the evaluation has been determined, the appropriate analysis
tools must be selected. If the scope of the evaluation is restricted to the highway being
reconstructed, then two types of analysis tools that might be used are highway capacity
analysis procedures or traffic simulation models. If a corridor-wide evaluation is
appropriate, then an analysis tool with traffic assignment capabilities may be necessary.
The following paragraphs discuss the key considerations in determining the appropriate
scope and level of effort for the travel impact evaluation.

Evaluate Only Highway Being Reconstructed

Generally, if only minor capacity reductions are planned through the reconstruction
zone, then the travel impact evaluation may be restricted to the highway being
reconstructed. In most cases, if the same number of lanes are maintained through the
reconstruction zone or if lanes are closed only during off-peak periods, then it is unlikely
that significant travel impacts would extend beyond the highway being reconstructed, and
it may be appropriate to restrict the travel impact evaluation to the highway being
reconstructed.

If the scope of the evaluation is restricted to the highway being reconstructed, then
two types of analysis tools should be considered: highway capacity analysis procedures
and traffic simulation models. Highway capacity analysis is essential for any travel impact
evaluation. Therefore, the key decision is whether or not the additional effort to use a
traffic simulation model is justified. ~ Simulation models may be required in order to
estimate operational MOEs for alternative geometric configurations or control strategies
that cannot be evaluated adequately using highway capacity analysis procedures.
Simulation models are particularly useful in evaluating (1) the variations in operating
conditions over time, and (2) the interrelated effects on operating conditions of several
roadway features. Simulation models are available for both freeway facilities and arterial
streets. In Appendix B. freeway simulation models are further subdivided into freeway lane
closure models, which are designed specifically to evaluate traffic flow through lane
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closure bottlenecks, and freeway corridor simulation models, which can evaluate the
impacts of a broad range of geometric and traffic control conditions.

Evaluate Entire Corridor

For major highway reconstruction projects in which significant reductions in
capacity (i.e., partial or total closures) are being considered, travel impacts are likely to
extend beyond the highway being reconstructed. Therefore, the impact evaluation should
be corridor-wide. A major issue in a corridor-wide evaluation is how traffic will be
reallocated among routes in the corridor. Therefore, a corridor-wide evaluation requires
an analysis tool with traffic assignment capabilities.

Three types of analysis tools have traffic assignment capabilities:

0 Network-based highway and transit planning models
0 Network-based freeway corridor simulation models

0 Non-network-based quick-response estimation techniques

All three types of analysis tools require an origin-destination trip table. Table 3
identified the alternative ways to obtain an origin- destination trip table. If an existing trip
table is not available from a regional transportation model or a previous study,
considerable effort would be required to develop one. Network-based planning models
and freeway corridor simulation models use a link-node representation of the
transportation network, which also requires considerable effort to create. Quick-response
estimation techniques use a more simplified, non-network-based, representation of the
transportation system and, as a result, require less effort to use. The key considerations
in selecting among the three types of analysis tools are:

0 The complexity of the traffic management plan for the reconstruction project

0 Tfrf1e siée of the corridor (number of alternative routes) that is likely to be
affecte

0 The time, data, and labor resources that are available

Network-based models have important analytical capabilities but are time- data-,
and labor-intensive and, therefore, may be appropriate only for large and complex projects
with potentially severe travel impacts. Quick-response estimation techniques are quicker
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and easier to use. However, they were not designed to analyze large or complicated
corridors, and they may not provide the same level of detail or sensitivity to key variables
as a network-based model. The additional effort required to use a network-based model
may be justified only for projects in which significant capacity reductions (at least one lane
closed) are anticipated over an extended length of roadway (at least several miles) for an
extended period of time (at least several months).

Much of the effort required to use network-based planning or simulation models,
is related to developing an origin-destination trip table and creating a link-node
representation of the transportation network. Therefore, the availability of a validated,
network-based, regional transportation model that has an up-to-date trip table and
transportation network would broaden the range of projects for which the analysis
capabilities of a network-based analysis tool could be used with a reasonable level of
effort. If a validated regional model is not available, but a trip table and network is
available from a previous regional study; then the use of network-based analysis tools
may still be appropriate even though it may be necessary to update the trip table. In the
absence of either a validated regional model or a trip table and network from a previous
study, the level of effort required to develop both a new trip table and network
representation is considerable and, therefore, may be justified only for particularly large,
lengthy, complex and/or controversial projects.

In selecting between a network-based planning model and a freeway corridor
simulation model, the relative strengths of the two types of models must be considered.
The principal application of a planning model is in estimating the magnitude of changes
in corridor-wide traffic patterns. The principal application of traffic simulation is to evaluate
the time-varying nature of traffic flows and the effect of alternative geometric and traffic
control conditions on traffic operations. Therefore, if alternative geometric and traffic
control conditions must be evaluated with considerable accuracy, then a simulation model
should be used.

The principal alternative to network-based models is non-network-based,
quick-response estimation techniques. Quick-response estimation techniques are
simplified procedures for travel demand forecasting that make maximum use of
transferable parameters in order to minimize their time and data requirements. They can
provide acceptable levels of accuracy for many applications. However, even with the
guick-response estimation techniques, a considerable effort would be required if the
affected corridor is large.
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SPECIFIC RECOMMENDATIONS FOR SELECTED TYPES OF RECONSTRUCTION
PROJECTS

Specific recommendations are outlined in the following paragraphs on (1) the steps
in the evaluation process, and (2) the types of analysis tools that may be appropriate for
the three general categories of capacity reductions (i.e., minor capacity reduction, partial
closure, and total closure). There are numerous ways to perform a travel impact
evaluation and numerous combinations of analysis tools that could be used
effectively.

The basic principle is that the level of effort should correspond to the level of
capacity reductions and the severity of the potential travel impacts. The procedures that
follow represent three of the numerous approaches that could produce useful results.

Minor Capacity Reductions

When the reconstruction activity can be performed with only minor capacity
reductions through the reconstruction zone, the travel impacts are generally confined to
the highway being reconstructed. Traffic management plans which involve only minor
capacity reductions typically have the following characteristics:

0 The same number of lanes are maintained through the reconstruction zone,
at least during peak periods, by using shoulders as temporary lanes or by
narrowing lane and shoulder widths

o Short-term, partial lane closures are permitted only during off-peak periods

0 Ramps are closed temporarily, as necessary

Generally, when only minor capacity reductions are being considered, it would be
appropriate to restrict the travel impact evaluation to the highway being reconstructed.
A recommended procedure for evaluating the travel impacts of a reconstruction project
that involves only minor capacity reductions is outlined below:

. Inventory the affected corridor.

A. Inventory the highway being reconstructed.
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1. Inventory the geometry and traffic control characteristics of the highway
being reconstructed.

2. Estimate the existing capacity of the highway being reconstructed using
highway capacity analysis procedures.

B. Inventory the current usage of the highway being reconstructed.

1. Collect traffic volume and vehicle occupancy data.
2. Collect transit ridership data.

C. Estimate operational MOEs for existing conditions.

1. Perform travel time studies.

2. Alternatively, use highway capacity analysis procedures to estimate
level of service, average speeds, and travel times.

3. Alternatively, if the time-varying nature of traffic flow is important or if
several geometric features have an interrelated effect on traffic flow, use
a traffic simulation model to estimate travel times and average speeds.

Estimate the traffic-handling capacity of the reconstruction zone using highway
capacity analysis procedures.

Estimate operational and economic MOEs during reconstruction.

A. Estimate changes in level of service, average speed, and travel time during
reconstruction using highway capacity analysis procedures.

B. Alternatively, use traffic simulation models if any of the following cases
apply:

1. If lane closures are being considered, use freeway lane closure models
to estimate the delays and additional road user costs that may result.
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2. If the time-varying nature of traffic flow is important or if several
geometric features have an interrelated effect on traffic flow, then use
freeway corridor simulation models to estimate operational MOEs.

3. If an urban arterial is being reconstructed, use urban arterial simulation
models to estimate operational MOEs.

C. Ifthe MOEs are unacceptable, revise the traffic management plan.

Partial Closures

In many cases, it may be impossible, impractical, or undesirable to maintain the same
number of lanes through the reconstruction zone. Instead, it may be necessary to close
some, but not all, lanes in one or both directions of the highway being reconstructed
throughout the duration of the project. If the lane closures would reduce the capacity of
the reconstruction zone below demand volumes for significant parts of the day, then
significant changes in traffic volumes are likely to occur and the travel impact evaluation
should be corridor-wide in scope. In some cases, strategies should be considered to
mitigate the adverse impacts of the partial closure of the highway being reconstructed.
Strategies may include traffic-control techniques to increase the capacity of the
reconstruction zone or TSM-type improvements on alternative routes and modes.

Any of the three types of analysis tools with traffic assignment capabilities (i.e.,
network-based planning models, freeway corridor simulation models, or quick-response
estimation techniques) could serve as the backbone of the evaluation. The key
considerations in determining which type of tool to use have already been discussed. In
general, network-based tools offer the potential for more detailed and accurate analyses
but require more effort to use than non-network-based tools. Therefore, network-based
tools should be used only if the complexity of the traffic management plan and the size
of the corridor justify the additional effort. If the geometry of the reconstruction zone is
relatively uncomplicated and the number of alternative routes that are likely to be affected
is small, then non-network-based, quick-response estimation techniques may be adequate
to perform the corridor-wide evaluation.

The procedure that follows is based upon the use of quick-response estimation
techniques:
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. Inventory the affected corridor.

A. Define the boundaries of the affected corridor to include all routes likely to
be affected by the reconstruction project.

B. Inventory the highway being reconstructed and all important alternative
highway and transit routes.

1. Inventory the geometry and traffic control characteristics of affected
highway routes and the service characteristics of affected transit routes.
2. Estimate the current capacity of all highway links and transit routes
using highway capacity analysis procedures.
C. Inventory the current usage in the corridor.
1. Collect traffic volume and vehicle occupancy data on all affected
highway links.
2. Collect transit ridership data on all transit routes.
D. Estimate operational MOEs for existing conditions.
1. Perform travel time studies on the highway being reconstructed and
on important alternative routes.
2. Alternatively, use highway capacity analysis procedures to estimate

levels of service, average speeds, and travel times.

Estimate the traffic-handling capacity of the reconstruction zone using highway
capacity analysis procedures.

Compare corridor-wide volumes and capacity.

A. ldentify critical screenlines.
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B. Sum the capacities of alternative routes and the capacity of the
reconstruction zone across the screenline.

C. Sum the traffic volumes across the screenline.
D. If total corridor volumes exceed total corridor capacity, then revise the
traffic management plan to increase the capacity of either the

reconstruction zone or alternative routes and modes.

IV.  Estimate the capacity in the corridor with the revised traffic control plan using
highway capacity analysis procedures.

V Estimate the changes in corridor travel patterns using quick-response
estimation procedures.

A. Obtain origin-destination trip table using one of the approaches identified
in Table 3.

B. Use a quick-response traffic assignment procedure to estimate changes
in assigned link volumes across critical screenlines.

C. If assigned volumes are excessive for certain links, then revise the traffic
managementplan.

VI.  Estimate operational and economic MOEs during reconstruction.

A. Estimate the changes in level of service, average speeds, and travel times
using highway capacity analysis procedures.

B. If desired, multiply changes in travel time by an appropriate value of time
to estimate the additional road user costs associated with the delays

caused by the reconstruction project.

C. Ifthe MOEs are unacceptable, revise the traffic management plan.
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Total Closure

The total closure of one or both directions of the highway being reconstructed would
cause the most severe travel impacts of any traffic-handling option, but would be a viable
option if resulting savings in reconstruction costs outweighed the increases in road user
costs. Unless considerable unused capacity existed on alternative routes in the corridor,
extensive improvements would probably be needed on alternative routes and modes in
order to mitigate the adverse impacts. A major planning effort would be required to
develop an adequate corridor traffic management plan. The magnitude of the potential
investment in the traffic management plan would justify the use of a network-based
analysis tool.

The following procedure, based upon the use of a network-based analysis tool (a

planning model and/or a traffic simulation model), could be used for such a planning
effort:

l. - Inventory the affected corridor.

A. Define the boundaries of the affected corridor to include all routes on which
traffic patterns are likely to be affected by the reconstruction project.

B. Inventory the highway being reconstructed and all important alternative
highway and transit routes.

1. Inventory highway network link geometry and traffic control
characteristics. (Collect all link data required by the network-based
analysis tool selected for use.)

2. Estimate the current capacity of all highway links and transit routes
using highway capacity analysis procedures.

C. Inventory the current usage in the corridor.

1. Collect traffic volume and vehicle occupancy data.
2. Collect transit ridership data on all transit routes.
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D.

Estimate operational MOEs for existing conditions.

1. Perform travel time studies on the highway being reconstruct