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ABSTRACT

This paper reports the results of an effort directed toward developing a
consistent methodology to assess the impacts of traffic disruption due to major
transportation reconstruction/rehabilitation projects during the period of
implementation. In the approach taken by this research, state-of-the-art traffic
simulation models are used to estimate the performance of the transportation
system during various construction phases. Alternative construction and traffic
radirection strategies designed to minimize both the direct and indirect losses
associated with the construction/rehabilitation are then evaluated with the
development of a systematic, computerized procedure designed to:

1. provide for the creation and comparison of multiple and ‘layered'
reconstruction/rehabilitation scenarios,

2. minimize the required knowledge of both the detailed interactions
with the model as well as the host computer, and

3. produce meaningful, comparative outputs that assist in the selection
of reasonable alternatives.

The resulting modeling environment is viewed as a convenient tool to assist both the
traffic engineer and the transportation planner in selection of reasonable

reconstruction/rehabilitation plans and schedules.



INTRODUCTION

There is general awareness that the infrastructure of many of our public works
is in need of urgent repair and upgrading if not complete renewal. Although
standard techiques are available to forecast benefits and performance of the
transportation network following completion of the projects, little is known about
assessing:

1. that performance during the construction phase which, in the case of
roadway reconstruction, may result in restrictions in capacity for
periods longer than a year, and

2. the "malperformance cost" of the improvement in terms of the
disruption due to construction.

In major urban areas, new highway construction and rehabilitation projects will have
a profound impact on demands placed on the existing transportation network during
progress of the projects.

This paper reports the development and implementation of a tool (CARHOP,
Computer Assisted Reconstruction--Highway Operations and Planning) to assist the
highway engineer/planner in the analysis of alternative highway reconstruction
scenarios. An overview of this new tool is presented in the next section. The
following section provides a more detailed description of the menu components of
the CARHOP Preprocessor, the interactive, menu-oriented component of the
overall CARHOP environment. A sample interactive session with CARHOP is
presented in a later section followed by a presentation of an application of the
CARHOP modeling environment to a sample network and discusses the results of

two demonstration cases.



OVERVIEW OF THE CARHOP ENVIRONMENT

The CARHOP Environment provides a method for testing various TSM
alternatives related to the reconstruction of freeways and arterials in an existing
transportation network. CARHOP combines the resources of several different
computer simulation and optimization models into one interactive package,
providing the user access to state-of-the-art, data-intensive computer simulation
models in a manner that minimizes data preparation and input. In this way,
concentration may focus more on the broader issues of reconstruction, rather than
on modification of large data sets and repetitive executions of the simulation.
CARHOP allows the engineer to create reconstruction zones, modify their
characteristics, and then evaluate the performance of the transportaton network,
subject to the altering of the surrounding arterial network characteristics and signal
timings. Comparison statistics are compiled from each of the different sub-models
invoked on a sub-networkwide basis and along user-specified and computer
optimized detour routes around the reconstruction zone. The impacts of different
driver behaviors and vehicle occupancies may also be tested within the modeling
environment.

The CARHOP Environment is separated into three independent computer
packages:

1. CARHOP Preprocessor

2. POSTCARS Executor

3. JOGGER Postprocessor
Each of these packages is compatible with the other and is designed to be run in the
order shown above. Although not recommended, it is possible to execute any of the

packages without the others.



Deascription of Major CARHOP Components

The CARHOP Preprocessor provides the user-interface with the rest of the
CARHOP Environment. Designed as an interactive, menu-driven program, the
preprocessor is responsible for managing all of the input data files and prompting
the user for the various pieces of information including the scope of the
reconstruction, detour specifications (if any), alternative signal timings and types of
outputs to be provided. CARHOP is executed through a series of screen menus,
avoiding the memorization of complex commands, and contains extensive error
trapping to prevent erroneous data from being passed to subsequent modules.
Although current data base information is accessible to the user (e.q., number of

lanes, capacities, speeds) for use in designing reconstruction scenarios,

modifications to the data base are simply logged during execution of the CARHQOP
Preprocessor; the actual modifications are performed by subsequent maodules,
allowing time intensive tasks to be performed in a non-interactive mode, greatly
speeding execution. Multiple scenarios may be tested at one time; in a matter of
minutes, the user may design several alternative strategies for comparison.

The POSTCARS Executor is responsible for taking the scenarios described by
the preprocessor and performing the different operations requested. In the process,
several data sets may be created, several different simulations may be performed,
and extensive outputs may be generated. POSTCARS coordinates the execution of
these simulations and performs the necessary data set conversions. At each stage of
POSTCARS execution, information on all operations performed is stored in a log.
This provides a hardcopy of the scenario session, together with any special messages
or conditions generated by subprograms. PQOSTCARS is designed to operate in a
batch environment, without user intervention.

JOGGER, the CARHOP Postprocessor, compiles statistics and generates

comparative outputs based on the statistics generated in the POSTCARS Executor.



Statistics are presented on a link-by-link basis, as well as on a sub-networkwide
basis. If detour outputs are requested, statistics are compiled along each detour
route and compared with the original routes. Descriptions of each scenario are
generated from the preprocessor outputs, providing the user with a hardcopy of the
actual scenario descriptions processed by the POSTCARS Executor. As with the
POSTCARS Executor, JOGGER is designed to operate in the "batch" computer
environment requiring no user interaction.

Rather than being an explicit simulation model, the CARHOP Environment is an
organizer and executor. The TRAF Modeling System (Federal Highway
Administration, 1985) is used as the base simulation model for the CARHQOP
Environment. Used like a chalkboard, TRAF is run on the base case scenario:
changes are then made to the base case simulating network modifications associated
with the reconstruction scenarios. In addition, several support packages are
included to facilitate data transfer among these simulation models as well as to
create new data sets based on the changes specified by the user. Based on the
options requested in a scenario log file created by the CARHOP Preprocessor and
the data requirements of each of the submodels, some or all of these programs may
be executed. The TRANSYT-7F Simulation Model (Federal Highway Administration,
1984) is included in the CARHOP Environment to provide optimized traffic signal
timings along a user-specified detour route. This and other simulation models
employed are used to generate modified TRAF data sets, reflecting changes in
signal timings, detour routes and network coding. While the TRAF modeling system
comprises many different simulation models of varying degrees of statistic
resolution, CARHOP supports only three of these models (all in TRAFLO of TRAF):
1) Level 2 (Arterial Package) 2) FREEFLO (Freeway Package) 3) TRAFFIC

{Traffic Assignment). FREEFLO is used to gather statistics along the freeway



subnetwork. This maodel is based on a macroscopic representation of traffic flow.
For the arterial portion of the transportation system, the TRAFLO Level-2 model
is employed. This model is most similar to TRANSYT-7F and, while being
macroscopic also, provides a relatively comprehensive set of vehicle and person
travel statistics. In addition to the simulation models of TRAF, traffic assignment
for the CARHOP Environment is provided by the TRAF implementation of TRAFFIC
(Nguyen and James, 1975), which employs an equilibrium-based assignment

algorithm.

COMPONENTS OF THE CARHOP PREPROCESSOR

The CARHOP Preprocessor organizes options within CARHOP into ten distinct

areas of concentration:

Data Base Selectiaon

Freeway Incident Specification
Reconstruction Zone Specification
Detour Route Specification

Signal Timing Alteration

Physical Network Alteration

User Attribute Alteration

Transit System Alteration
Graphics Specifications

Scenario Processing

.

.

SODNT SN

—

Figure 1 shows the CARHOP Main Menu. These options provide a wide range of

data set manipulation features. Any or all of these options may be used in the
specification of a particular TSM strategy scenario. A brief description of each
option follows. Associated with each description is a figure representing the visual

display of the preprocessor to the user.

1. Data Base Selection

This module performs the role of "bookkeeper" in the processing of
multiple scenarios and is executed before the creation of any

CARHOP scenario (Figure 2a).



CARHOP Main Menu

Select Base Scenario

Create Freeway Incident
Create Reconstruction Zone
Detour Specifications

Alter Signal Timings
Alter Physical Network
Alter User Attributes
Alter Transit System

Produce Network Graphics
Produce Job Control Instructions (EXIT)

Current Scenario: NONE Default Data Base: NONE

USE <RETURN> TO CHOOSE OPTION --- TYPE < X ><CR> TO EXECUTE

FIGURE 1: CARHOP Main Menu



Freeway Incident Specification

Freeway Incident Specification allows the user to create an
"incident” on the freeway network. Examples of incidents include
stalled vehicle, collisions, bottlenecks, etc. The user need only
specify the link on which the incident will occur together with the
new estimated capacity (Figure 2b).

Reconstruction Zone Specification

Reconstruction Zone Specification creates the actual reconstruction
zone in the data base. It prompts the user for the location of the
reconstruction zone and the system alterations resulting from the
type of activity that is planned. These alterations include decreasing
the lane capacities, lane and ramp closures, and estimated speed
reduction zones (Figure 2c).

Detour Route Specification

Detour Route Specification allows the user to test various detour
strategies associated with the reconstruction zone created in the
previous module. There are several levels to this module. First, the
user has the option of entering no detours at all. Statistics compiled
at this level will provide a measure of the unmitigated impact of the
reconstruction. The second level of this module provides the option
of a user-specified detour route. Single or multiple routes may be
entered. In addition, the user may compare the effectiveness of
several different detours (multiple runs). The third level of this
module allows the option to create detours based on the reallocation
of trips in the traffic assignment model. Used in conjunction with

other CARHOP options, the effects of additional lanes, new signal



timings, “no truck" restrictions, modified lane stripings and other,
innovative strategies for improving traffic flow on the surrounding

surface street system may be tested (Figure 2d).

Signal Timing Alteration

Signal Timing Alteration allows the option to test the impact of
signal timings on the performance of the reconstruction strategy.
Signal timings may be left "as is" or may be optimized. The effects
of cycle length and signal progression may also be explored using this
module. These modifications may be made to the existing network,
to the network containing the reconstruction zone alone, or to the
specified detour route. Signal progression and optimum cycle length
calculations may be performed on individual intersections, the
network immediately surrounding the reconstruction zone or along
the specified detour route (Figure 2e).

Physical Network Alteration

Physical Network Alteration provides a method of testing various
supply-side Transportation System Management (TSM) strategies.
Two-way streets may be converted to one-way streets and
vice-versa. The effects of turning restrictions, intersection
channelization, parking restrictions, number of lanes and lane widths
may be explored. This module may also be implemented with other
modules in CARHOP to estimate the impacts of complex
reconstruction scenarios (Figure 2f).

User Attribute Alteration

This module provides for the investigation of the effects of different

fleet compositions {car to truck ratios, etc.) and vehicle types on



system performance. Different driver behaviors (start-delay at
intersections, etc.) may also be input (Figure 2qg).

8. Transit System Alteration

Transit System Alteration allows for modification to be made to the
transit data base. Bus routes may be added and deleted. Average bus
occupancies may be modified to test the effects of improved bus
ridership on system performance (Figure 2h).

9. Graphics Specifications

This module of CARHOP converts the physical netwaork
characteristics into computer plotter instructions for later
processing. Detour routes, bus routes and changes in travel patterns
between origins and destinations may be represented (Figure 2i).

10. Scenario Processing

Once the single or multiple reconstruction zones, detour routes and
other options have been executed (as desired), this option creates a
"logfile" containing all of the infarmation in a form to read by the
POSTCARS Executor. (No changes to the base case are made during
execution of the CARHOP Preprocessor.} A series of sub-options are
available giving the user the ability to create more scenarios, delete

the scenario just created, or exit CARHOP (Figure 2j).

SAMPLE SESSION

This section provides a "walk-through" sample session in CARHOP in which a
reconstruction scenario is created. The scenario created will consist of a single
reconstruction zone with one user-specified detour provided as a means of routing a

portion of the highway traffic around the reconstruction area.



1. Select Base Scenario

Current Scenario: NONE Default Data Base:

223> o Changs Default Data Dase”
o Create New Scsnario

o RETURN TO MAIM MEHU

NOME

CARHOP Préfiracessor

2. Create freevay Incident

Current Scenario: DT003 Default Data Base: SYMNET.DART

-

o Create Freevay Incident

o RETURN TO MAIN MENU

(a)

~ CARHOP Preplocessar. -

3. Create Reconstruction Zone

Current Scenario: DIOO3 Default Data Base:

o Arterial Sub-Netvork Reconstruction
zz23>> X o0 Fresvay Sub-Network Reconstruction

o RETURN To Main Menu

SYMNET.DART

et K8
4. Detour Specifications

Current Scenario: DT003 Default Data 8Sase:

SYMNET.DAT

Short-Term U:er-SpeeiFicd Detours
0 Short-Term Optimized Detours
o Long-Term User-Specified Detours
o Long-Term Optimized Detours

o RETURN TO MAIN MENU

Alter Signal Timings

Current Scenario: DT003 Default Data Base:

Alter Individual Intsrasction Timing

-]

Individual Intarsection Optimization
o Global Interssction Optimization
o Arterial Corridor Optimization

1

© RETURN TO MAIN MENU

SYMNET.DAT

(d)

6. Alter Physical Network

Current Scenario: D1003

Default Data Base:  SYMNET,DAT

0 Alter freoway Characteristicas
o Alter Arterial Charactsristics

>> K o RETURN 10 MAIN MENU

(e)

FIGURE 2: Visual Displays of Menu Options
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o CARKUP Preprocessor: - - -
7. Alter User Attributes

Alter Transit System

Current Scenario: D1003 Default Data Base: SYMNET.DAT Current Scenario: DT1O03 Default Data Base: SYMNET.DAT

=z:53 B o Alter user Attributes o Alter Transit Syatem

> l o RETURN TO MAIN MENU

o RETURN TO MAIN MENU

CRRHOP Preprocessor - oo .° > =i . rono. oo
10. Produce Job Control Instructions (EXIT)

9. Produce Netwvork Graphics

Current Scenario: DB1003 Default Data Base: SYMNET.DAT

Current Scenario: DT003 Default Data Base: SYMNET.DRT

< Lzzzd) l o Create Graphics Instructions o Proceas Current Scenario and RETURMN

0 Process Current Scenario and EXIT

0 RETURN TO MAIN MENU
o DELETE Current Scenario (T0SS QuUT)

© RETURN To Main Menu

o QUIT CARHOP (ABORT)

FIGURE 2 (Cont'd): Visual Displays of Menu Options
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CARHOP specification of the reconstruction zone and corresponding detour
route consists of the following steps:

1. Specify the Default Data Base, Select Menu Options and Scenario

Data Base,

2. Define Reconstruction Zone and Specify Zone Characteristics

3. Specify Detour Route,

4. Process Current Scenario and Exit,
performed in sequential order. Descriptions of each, together with accompanying

visual terminal displays, follow.

Specify the Default Data Base, Select Menu Options and Scenario Data Base

The session begins with a display that announces the actuation of the CARHOP
environment (Figure 3a). A prompt is then given for the user to provide a name for
the default data base, containing the TRAF data base information (Figure 3b). The
CARHOP Preprocessor requires a default data base as input. This default data base
consists of a standard 'TRAF' input data set containing the network geometrics,
signal timings, and origin destination information of the study area. For the
demonstration of the CARHOP environment, a hypothetical network was devised. It
was chosen to highlight various features of the simulation environment and to
demonstrate the behavior of the simulations under varying reconstruction
conditions. After receiving the name of the default data base, CARHOP will ask for
any other scenario files to be used during the session.

With the names of the default data base(s) entered, the screen is cleared and
the main CARHOP Preprocessor menu is displayed. This menu displays the 10
options available as well as a status line showing the current scenario and default
data base. Menu options are selected by moving the pointer ('--->') until it is

aligned with the option to be performed and then 'marking' that option (Figure 3c).

12



i X8

=
WELCOME TO

ccc A RRRR H H oao PPPP
c [ A A R R H H a o P P
c R A R R H R o ] P P
c ARARARA RRRR HHHHH o] Q PPPP
c C A A R R H H 1] Q P

cce A A R R H H [elels] P

Computer
Assisted

Reconstruction Strategles for
Highway .
Operations and
Planning
Institute of Tranaportation Studies
l University of California, Irvine

cce A RRRR H H ceo PPPP
[+ [ A A R R H H ] o P P
c A ] R R H H 4] ] 14 4
c ARRAR RRRR HHHHH 1] Q PPPP
c cC A R R R H H ] ] P
cce A A R R H H 000 P
Enter the Filename of Network Data Bases =z> SYMNET.DAT

CARHOP Main Menu

FEETTNS | 1. Select Base Scenarioc

2. Create freeway Incident
3. Create Reconstruction Zone
4. Dstour Specifications

5. Alter Signal Timingse
6. Alter Physical Network
7. Alter User Attributes
8. Alter Transit System

9. Produce Network Graphics
10. Produce Job Control Instructions (EXIT)
Current Scenario: NONE Default Data Base: NONE

USE <RETURN> YO CHOGSE OPTION -~-- TYPE ¢ X ><CR> TO EXECUTE

1. Select Base Scenaric

Current Scenario: NONE

x=23) o Change Default Data Base
o Crasate Newv Scenario

o RETURN TO MAIN MENY

Default Data SBase: NONE

PE P

< CARHOP Preprocessor - -
1. Select Base Scenario

Current Scenario: NONE Default Data Base: NONE
Data 8ases To Choose from:

===3> X SYMNET. DAT

] PROCESSING RECORD... 9

SELECT AS BASE? ("Y" {f yes) Y

Run Name -->  TEST NETWORK: SYMMETRICAL WITH OME FREEWAY, PASSER
User Mame --> JOHN D, LEONARD
Agency -=>» UC IRVINE
Run Date --> 10 05 8§

Run Type --> ASSIGNMENT AND SIMULATION

» CARHOP Préprocessor
1. Sslect Base Scenario

Current Scanario: NONE

Enter Mame of Working 3cenario z:z=>» DY0O3

Enter Data At Each Prompt.

Run Names --> DEMONSTRATION CASE 2: RCZ WITH 1400/2/10......0044

User Mame --> JOHN D. LEONARD......
Agency «=> UC IRVINE...........
Run Date --> 7 16 8

Default Data Base: SYMNET.DAT

(e)
FIGURE 3: Building a Scenario Data Base
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The first task in creating a reconstruction scenario file is to specify from
which base the scenario file is to be created. This is accomplished by executing
MENU OPTION 1. The Option 1 submenu provides the user with three choices:
Change Default Data Base, Create New Scenario, and RETURN TO MAIN MENU.

Upon selection of the 'Change Default Data Base' option (Figure 3d),
CARHQOP will display the choices available. This list will include all of the file
names entered by the user when the program was started.

After the data base is selected, an information page will be displayed on the
screen, showing important data base information such as run-name, user name,
agency, run-data and run-type. (Figure 3e) This information is provided to assist
the user in the proper selection of the default data base. The next step is to define
a working scenario file. If a default scenario was just selected, CARHOP
automatically prompts the user for the name of the working scenario. This option
may also be performed without selecting a default data base by marking the
appropriate option. Upon selection of a working scenario file, the user enters the

appropriate file information (Figure 3f).

Define Reconstruction Zone and Specify Zone Characteristics

To specify a reconstruction zone, the user must select Option 3 of the main
menu: 'Create Reconstruction Zone.! CARHOP will then display the associated
sub-menu. This sub-menu allows three further choices: Arterial Sub-Netwark
Reconstruction, Freeway Sub-Network Reconstruction and RETURN TO MAIN
MENU (Figure 4a). CARHOP next prompts the user for the upstream and
downstream mainline nodes encompassing the reconstruction area (Figure 4b). If a
reconstruction zone is to encompass several mainline links, each link is entered

separately. After typing the downstream node number, CARHOP scans the default

14



data base for the link. If it is not found, an appropriate message is displayed and the
user is asked to try again.

If the link is found, an information page will be displayed showing the current
characteristics of the input link (Figure 4c). These characteristics are determined
from information contained in the default data base and include the number of
reqgular use lanes, the number of special purpose lanes, the nominal lane capacity in

vehicles per hour, and the free~flow speed in miles per hour. CARHOP now prompts:

'CREATE RECONSTRUCTION ZONE? (Y/N) ——>"'

Given a reply of 'Y', CARHOP will create a reconstruction zone. CARHOP will
then prompt the user for the number of lanes closed, the new lane capacity and the
new free-flow speed (Figure 4d).

Once completed, CARHOP returns the user to the reconstruction sub-menu.
Any reconstruction zones that may have been specified are listed as a reminder of
the work already completed. The user may specify as many reconstruction zones as
desired in any one scenario. When all of the reconstruction zones have been
specified, the option 'RETURN TO MAIN MENU' is executed to return the user to

the main menu.

Specify Detour Route

With a reconstruction zone specified, corresponding detours may also be

specified. This is achieved by entering Option 4 from the main menu: DETOUR
SPECIFICATIONS. If chosen, the Detour Specification sub-menu is displayed
(Figure 5a). There are two sub-options currently implemented: Short-Term User-

Specified Detours and Long-Term Optimized Detours. In this example we will

specify Short-Term User-Specified Detours.
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..~ GARHOP Preprucessor.

3. Create Reconatruction Zone

Current Scenario: DT003 Default Data Base: SYTNET.DRT

o Arterial Sub-Network Reconstruction
=223y X o freevay Sub-Metvork Reconstructicn

© RETURN To Main Menu

3. Create Reconstruction Zons

Current Scenario: DT003 Default Data Base:

0 Freevay Sub-Network Reconstruction

Enter Mainline Nodes
Encompassing Reconstruction Area

> 507

Upstream Node
> sosll

Downstream Hode

SYMNET.DAT

(a)

3. Create Reconatruction Zone

Current Scenario: DY003 Default Data Basse: SYMNET.DAT

0 freevay Sub-MNetwork Reconstruction
CURRENT CHARACTERISTICS FOR LINK ( 8507 , 608 )

Regular Use Lanes
Special Purpose Lanea ... 0

Hominal Lane Capacity (veh/hr),....2000
Free-Flov Speed (MPH).... &6

CREATE RECONSTRUCTION ZONE? (Y/N)

3. Create Reconstruction Zone

Current Scenario: DT003 Dofault Data Base:

o freevay Sub-Netvork Reconstruction

CURRENT CHARACTERISTICS FOR LINK ( 607 , 508 )
Regular Uss Lanes ceees 3 « 2)
Special Purpose Lanes ... O
Nominal Lane Capacity (veh/hr)....2000 { 1400 )
¢ 40)

Free-Flow Speed (MPH).... 6B
RECONSTRUCTION ZONE PARAMETERS

KEEP THE CHANGES SHOWN ABOVE? Y

SYMNET.DAT

(c)

FIGURE 4: Defining a Reconstruction Zone
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CARKOP ssur 5

4. Detour Spacifications

SYMNET. DAT

Current Scenario: DT003 Default Data 8ase:

22:>> X o Short-Term User-Specified Detours
o Short-Term Optimized Detours
o Long-Term User-Specified Detours
o Long-Term Optimized Detours

o RETURK TO MAIN MENKU

Detour Specifications

4.

Current Scenario: 07003 Default Data Base: SYMNET.DAT

0 Short-Term User-Specifisd Detours

Enter ORIGINAL Route. It must begin
and end on the Freavay Subnetwork

Starting At 827
To BO6
To 507
To 608
To 509
Jo 510
To 511
To

. fARHOP Prepracessor- :
T
q Detour Specifications
Current Scenario: DT003 Default Data Base: SYMNET.DAT

o Short-Term User-Specified Detours

Enter DETOUR Route. It must begin
and end with the SAME nodes as the

ORIGINAL route Just specified.
Starting At 527 45
Te 506 7811
To 7506 51t
To 43
To 46
To 47
To 48
To 49
To 3==)> 50

Percentage of vehicles using route =z> 10

(c)

FIGURE 5: Specifying a Detour Route
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CARHOP now prompts the user for the ORIGINAL route (Figure 5b). The route
is entered node-by-node. It must begin and end on the freeway sub-network. Next,
CARHOP will prompt the user for the DETOUR Route (Figure 5c). This route must
beqgin and end with the same nodes as the original route. The Detour Route may
leave the freeway to the arterial sub-network, but must reenter the freeway and
end at the same node as the original route. When both routes have been entered,
each route is checked for continuity, that is, to determine that each node pair forms
a link that exists in the default data base and is connected to the preceding link. If
the routes pass this test, the user is prompted for the percentage of vehicles using
the detour route. This percentage is used to calculate the volume of trips to be

routed from the original route to the detour route.

Process Current Scenario and Exit

The final operation to be performed in this example scenario is to process the
information that has just been entered. The processing combines the separate
instructions from each different option into a single scenario logfile that can later
be used by the POSTCARS Executor and JOGGER Postprocessor. Selecting Option
10 displays the PROCESS CURRENT SCENARIO sub-menu (Figure 6).

There are five choices available from this sub-menu. To create more scenarios,
the 'Process Current Scenarioc and RETURN' option would be selected. Had any
errors or undesirable selections been made, Option 3 'Delete Current Scenario (TOSS
OUT)' would be selected. If option 10 had inadvertently been chasen, 'RETURN TO
MAIN MENU' would allow the user to return to the main menu to select other
options. 'QUIT CARHOP' option is provided as a means to stop execution of the
current carhop session without saving the current scenario. The option 'PROCESS

CURRENT SCENARIO AND EXIT' produces comparisons of the reconstruction

i8



ST CARKOP Prefitocesso

Current Scenario: DT003 Default Data Base: SYMMET.DAT

Process Current Scenario and RETURN
Process Current Scenario and EXIT
DELETE Current Scenario (T0SS 0OUT)
RETURN To Main Menu

QUIT CARHOP  (ABORT)

FIGURE 6: Processing a Reconstruction Scenario
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scenario to the base case when the POSTCARS Executor and JOGGER Paostprocessor

are executed.

DEMONSTRATION OF THE CARHOP RECONSTRUCTION METHODOLOGY
To demonstrate use of the CARHOP Environment in the study of freeway
reconstruction and its impacts on the surrounding arterial sub-network, two case

studies are presented:

1) A range of freeway reconstruction scenarios with Implementation of
the Long-Term Detour Specification of CARHOP.

2) Fixed Freeway Reconstruction (2 open mainline lanes) with a ranged
percentage of traffic along the detour route.

The demonstration network illustrated in Figure 7 includes a typical freeway
section over-laid on a grid-pattern arterial network. The network was designed to
be symmetrical about the major and minor axes to simplify interpretation of the
operation of the underlying TRAF Simulation Modeling System. The Freeway
sub-network consists of a single section of freeway, with three through lanes in each
direction, bisecting an arterial grid sub-network. The arterial subnetwork comprises
four east-west corridors and five narth-south corridors and connects to the freeway
subnetwark at three alternating interchanges, each of symmetrical diamond shape.
Streets on the arterial subnetwork are spaced at one-half mile intervals. In terms
of the TRAF data base designations, the arterial portion of the study area is coded
as a Level 2 subnetwork and consists of 31 links, 26 regular nodes, 18 entry/exit
nodes and 12 interface nodes. The freeway portion is coded as a FREEFLO
subnetwork and consists of 30 links, 16 regular nodes, 2 entry/exit nodes and 12
interface nodes.

Prior to running the test cases, the signal timings were optimized using the

PASSER II-80 simulation model along all north-south corridors of travel. Each of

20
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the test cases was chosen to demonstrate a particular facet of the CARHOP
Environment and the performance of the TRAF Simulation Modeling System under a
range of inputs.
Test Case |

Test Case 1| examines the use of CARHOP to assess the effects of freeway
reconstruction with the 'lLong-Term' detour route option specified. In each of the
scenarios of Test Case 1, the freeway mainline traffic flow is constrained and the
traffic is allowed to reroute around the bottle-neck.

Test Case 1 consists of five separate CARHOP scenarios. A reconstruction
zone of three successive links is established along both directions of the freeway.
The number and severity of constraints in each scenario is sequentially increased

from minor speed and capacity constraints to full closure of the freeway mainline:

Scenario Scenario Link Free Flow Open
Number Name Capacity Speed Lanes
BASE SYMNET 2000 55 3
1 MTO001 1800 45 3
2 MT002 1400 40 3
3 MTO003 1400 40 2
4 MTO004 1400 40 1
5 MTOO05 1400 40 0

The link constraints shown above apply to all links in the reconstruction zone; a
total of six freeway links are directly impacted by the constraints. Estimated link
capacities are taken from the ITE Highway Capacity Manual's work zone estimates
(Transportation Research Board, 1985).

Figure 8 displays a sample of the scenario summary output for scenario MT003
of Test Case I. The tables in Figure 8 compare the characteristics of the link in the
scenario with that in the base case.

For example, link 507-508 has two lanes in scenario MTO003 while in the base

case it has three lanes. The freeflow capacity of the link was reduced from 2000
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CAREOP JUTFUT FR2
SUXHART STATIST

IHFORMATION SUMRARY FOR SCENARID:NT63

SCENARIO -===> M¥1003
DESCRIPTION  -—-> CONSTRAINED R LAN :
Dol i ;@ ‘15 He CZr | LANE CLOSED: 140074072

USER NahE ====7 JOHN D, LEGNARD
AGENCT =~y UC IRVINE

CREATED FROM SASE METWORK: STHNET
LERGTH OF SIMULATION ¢ IN SECOMDS ) = 3500

RECCNSTRUCTION ZONE SPECIFIED AT LINK ¢ S507» 508 ) RECONSTRUCTION ZONE SPECIFIED AT LINK { 504 $03 )

SYRNET  HT003 SYKNET  ¥T003

NUKBER OF LiNES = 3 2 R NS o 3 2

FREZ FLOM CAPACITY = 2000 1409 SPEED THROUGHT o = 2000 1400

STEED THROUGH ZONE = 35,3 5.4 SPECD THROUGH Z0ME = 5. 5.4

TRIFS THRQUGH Z0NE =  4496.0  2799.0 wwwggggg? T%M = 34;‘%82 3_73392
I = 7 9L = . .

VOLUKE/CAFACITY = 0.7393  0.999¢ MRTE DAL o Sds Qe

KIHUTES FER TRIF
RECONSTRUCTION ZOME SPECIFIED AT LINK ( 503, 502 )
SYHNET HT003

RECONSTRUCTION ZONE SPECIFIED AT LINK ( 508y 509 )
SYHNET #1003

) NUMBER OF LANES 3 3
NUMBER OF LANES M 2 .
FREE FLON CAPACITY 2000 1400
FREE FLOW CAPACITY 2000 1400 SPEZD THROUGH ZONE .7

. 11.4
4265.0  2398.0
0.7108  0.8544
0.8905 2,200

SPEED THROUGH ZOKE
TRIPS THROUGH ZONE
VOLUHE/CAPACITY
HINUTES PER TRIP

3.7 13.8 TRIFS THROUGH ZONE
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0.7117  0.8354 :ID}G{IJ?EE;C:QRM%{IYP
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LR T

R o .
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SPEED THROUGH ZONE = J46 198 TRIFS TGS S0 = il 9.8
WL e 2 ool o T A+ S Ut
H = . » T ] - . +
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FIGURE 8: Scenario Summary Output
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vehicles per hour per lane (vphpl) to 1400 vphpl. The results of the simulation
indicate that the reconstruction link in the base case has a simulated speed of 33.8
MPH; during reconstruction the simulation produces a speed of 5.4 MPH. Other
statistics shown in the reconstruction zone summary include the number of trips
through the zone, the volume/capacity ratio and minutes per trip required to pass
through the zone.

The final section of the scenario summary report contains the detour summary.
The detour summary includes: the type of detour option selected, the number of
detour routes and a list of the original and suggested detour routes for all O-D pairs
impacted by the construction.

Figure 9 gives a tabular comparison of four cumulative sub-networkwide
statistics, as well as global totals for the entire transportation system. Histogram
comparisons for each performance measure by sub-network type and global network

are also provided by CARHOP. Samples of these are displayed in Figures 10 to 17.

Test Case 2

The second test case demonstrates an application of CARHOP to evaluate the
effectiveness of a particular "Short-Term User-Specified" detour during freeway
reconstruction. It consists of five CARHOP scenarios. Reconstruction zones
comprising three successive links are established along the south section of
freeway. Test Case 2 examines a fixed reconstruction zone strategy: two lanes
open along the freeway with a freeflow speed of 40 MPH and a capacity of 1400
vphpl with the percentage of freeway trips routed from the freeway to the arterials
gradually increased.

The scenarios of Test Case 2 consist of:
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CARHOP OUTPUT PROCESSOR
SUMMARY STATISTICS

CUMULATIVE SUBNETWORK WIDE COMPARISON

ARTERTAL SUBNETWORK

SYMNET #1001 KT002 HTQ03 HT004 #1003

AVERAGE SPEED 1349 13,3 10.8 9.2 33 1.8
VERICLE TRIPS 19747, 18133, 17527, 17107, 14293, 10464,
YEHICLE HOURS 2042,9  2472.8  2947.6 34254 4723.3 9192,
VEHICLE KILES 328317 J3472.6  31934.7  31S14.8  23391.0  14845.4

FREEWAY SUBNETWORK

SYNNET HT001 H1002 HT003 HT004 #1005

AVERAGE SPEER 14,3 33.4 31,1 10,2 2.7 0.8
VEHICLE TRIPS 7689, 7637, 7373, 8324, 3549, 1710,
VEHICLE HOURS 874,64 835.8 860,2  2149,5  3524,3  7710.9
VEHICLE HILES 30103.4  27931.5  26717.8 21880.4 147437  5797.8

CUHULATIVE GLOBAL COMPARISONS

SYNNET HT001 HT002 1003 HT004 KT005

AVERAGE SPEED 21,3 1846 1544 9.6 3.1 1.3

VEHICLE TRIPS 27438, 25772, 25100, 23433, 17842, 12374,
VERICLE HOURS 2919, 3308.6  3807.8  5575. 12247.7 17103.0
VEHICLE HILES 62635,1  41404.1 38672,5 53396.8 381347 22643.2

FIGURE 9: Comparison of Cumulative Network Statistics
for Various Strategies in Test Case 1
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Scenario Scenario Link Free Flow Open Percent

Number Name Capacity Speed Lanes Detour
BASE SYMNET 2000 55 3 N/A
1 DT001 1400 40 2 0
2 DT002 1400 40 2 5
3 DT003 1400 40 2 10
4 DT004 1400 40 2 15
5 DT005 1400 40 2 20

Figure 18 shows that the summary output freeway performance improves as the
percentage of trips routed along the detour increases. The associated freeway
speeds increase, from 11.5 MPH with 0% detoured to 13.1 MPH with 20% detoured.
The number of vehicle hours is also decreased, from 2200.6 with 0% detoured to
1867.0 with 20% detoured.

When no traffic is routed from the freeway to the arterials in the short-term,
the speeds along the arterial are relatively unaffected. As the percentage of trips
routed along the detour is increased, the arterial subnetwork average speed begins
to decrease, ranging from 14.4 MPH with a 5% detour to 10.1 MPH with a 20%
detour. The number of vehicle trips in the arterial subnetwork decreases slightly.

The individual scenario report shown in Figure 19 contains a table of the travel
time along routes, comparing the time, in minutes per trip, required for a vehicle to
travel along the original and detour routes. This statistic demonstrates the
trade-off occurring during “the routing of freeway trips along the detour route.
During the base case, a vehicle requires 4.8 minutes to traverse the original route
through the reconstruction zone. When the reconstruction constraints are imposed
and no traffic is allowed to detour, the time required increases to 31.8 minutes. By
comparison, travel time along the detour route is 9.8 minutes in the base case. As
the percentage of trips routed along the detour route is increased, conditions along
that route become congested, resulting in an increase in travel time along the

route. With 5% of the freeway traffic being routed along the detour, the travel
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CARHOP OUTPUT PROCESSOR
SUHHARY STATISTICS

CUHLLATIVE SUBNETWORK WIDE COMPARISON

ARTERTAL SUBNETWORK

SYHNET DT001 BT002 D003 DT004 DT003
AVERAGE SPEED 15,9 1547 14,4 2.1 10,6 0.1
VEHICLE TRIPS 19747, 19221, 19310, 19008, 18496, 18133,

VEHICLE HOURS 2042,9  2021,6  2M1.6 25739 2834,9  2899.4
VEHICLE HILES 32331,7  31928.9  31909.4  31212,3 29976.3 2945,

FREEWAY SUBNETWORK

SYMRET D100t broo2 01003 DT004 DY003
AVERAGE SPEED 34,3 11.5 12,5 12,7 13,0 13.4
VEHICLE TRIPS 7689, 6153, 6263, 6327, 6332, 8330,

VEHICLE HOURS 876,86  2200.6  2012,8  1972,7  1889.0  1847.0
VEHICLE HILES 30103.4  25226,1 25249.3 23004.4  24500.6 24378.6

CUHULATIVE GLORAL COMPARISONS

SYHNET D001 D102 D1003 DT004 DT00S
AVERAGE SPEED 21,3 133 13.3 12,4 11,3 11.3
VEHICLE TRIFS 27436, 25374, 25573, 25335, 24848, 24503,

VERICLE HOURS 2919.5  4222,2  4224,5  4346.5 47239 4746.4
VEHICLE HILES 62635.t  57035.0 57158.7 56264.9 54478.9 537236

FIGURE 18: Summary Statistics for Test Case 2
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C4RHOP QUTPUT PROCESSOR CARHOP QUTPUT PROCESSOR

SUBMARY STATISTICS SUKRARY STATISTICS
INFORKATION SUMMARY FOR SCENAREO:DT002 INFORKATION SUNMARY FOR SCENARIO:DTOO3
SCENARIO -y DT002 SCENARTO —> 1003
DESCRIPTION ——% RECON ZOWE (1400/40/2)% SY DETOUR DESCRIFTION — RECUN IONE (1400/40/2)¢ 102 DETUUR
DATA CREATED ~——> 7 15 88 DATA CREATED —> 15 84
USER NAKE -— JOHN D, LEONARD USER NANE —— JGHN n. LEONARD
NCY =5 UC IRVINE AGENCY — RVIKE
CREATED FRON BASE NETWORKS SYHNET CREATED FROM BASE METWORK! SYNNET
LENGTH OF SIMULATION { IN SECONDS ) = 3800 LENGTH OF SIMULATION ( IN SECONDS ) = 3400
RECONSTRUCTION ZONE SPECIFIED AT LINK ( 507y 508 ) RECONSTRUCTION ZONE SPECIFIED AT LINK ( 507» 508 )
SYMNET  DT002 SYMNET 1003
NUHBER OF LANES = 3 2 NUMBER OF LAMES = 3 2
. FREE FLOY CAPACITY = 2000 1400 FREE FLOW CAPACITY = 2000 1400
SPEED THROUGH ZONE = 33.8 1.8 SPEED THROUGH IO0NE = 33.8 1.8
TRIFS THROUGH ZONE =  4496,0  2810.0 TRIFS THROUGH ZONE =  4496,0  2803.0
VOLUHE/CAFACITY = 0,743 1,003 VOLUKE/CAPACITY = 0.7493 10011
MINUTES PER TRIP = 0,8686 17,0432 KINUTES PER TRIP = 0.8886 17,0103
RECONSTRUCTION ZOME SPECIFIED AT LINK { 508y 509 ) RECONSTRUCTION ZONE SPECIFIED AT LINK ( 508/ 509 )
SYMNET  DT002 SYMMET  DT003
HUMBER OF LANES = 3 2 HUMBER OF LANES = 3 2
dEm s B At
= . . PEED THROUG = . .
TRIFS THRUUBh 70NE = A20,0  2597.0 TRIFS THROUGH ZONE =  4270,0  2597.0
YOLUME/CAPACITY = Q17 0.9275 VOLUE/CAPACITY = 0717 09275
HINUTES PER TRIP =  0.8906  3.4127 HINUTES PER TRIP = 0,8906  3.6485
RECONSTRUCTION ZONE SPECIFIED AT LINK  509s 510} RECONSTRUCTION ZONE SPECIFIED AT LINK ( 509y 510 )
SYMNET  DT002 SYMNET  DT003
NUKBER OF LANES . = 2003 1403 NUNBER OF LANES = 3 2
FREE FLON CAPACITY = £ FLON CAPACITY = 2000 1400
SPEED THROUGH ZOME = 346 17.4 REEFLM e & S 1ra
TRIPS THROUGH ZONE =  4443.0  2743.0 JRIFS THROUGH ZONE = 4463.0  2741.0
VOLUHE/CAPACITY = 0,743 0.979% VOLUKE/CAPACITY = 0.7438  0.9789
MINUTES PER TRIP = 0.8672 L7197 KINUTES PER TRIP = 0.8672 1,720
DETOUR QPTION SELECTED -—-> SHORT-TERM USER-SPECIFIED DETOUR OPTION SELECTED ~——-> SHORT-TERH USER-SPECIFIED
NUBER OF DETOUR ROUTES ——> 1 NUKBER OF DETOUR ROUTES —> 1
PERCENTAGE OF VEHICLES USING ROUTE =  § PERCENTAGE OF VEHICLES USING ROUTE = 10
ORIGINAL ROUTE: GRIGINAL ROUTE!
527 506 507 508 S09 510 51 527 S04 S07 508 508 510 51
DETOUR  ROUTE: DETOUR ~ ROYTE!
827 506 7508 43 44 47 48 49 50 45 7511 511 s27 506 7506 43 46 47 48 49 50 45 7511 S1i
TRAVEL TIHE COMPARISON ALOMG ROUTES TRAVEL TIME COMPARISON ALONG ROUTES
SYMNET  DT002 SYMNET  DT003
GRIGINAL ROUTE = 4.8 29,9 ORIGINAL ROUTE = 4.8 29.8
DETGUR ROUTE = 9.8 2.7 BETOUR ROUTE = 9.8 87,1

FIGURE 19: Travel Time Comparisons Along Detour Route
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ORIGINAL ROUTE:
527 S0é 507

DETGUR  ROUTE:
527 %6 7508

FIGURE 19 (Cont'd):
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CARHOP QUTPUT PROCESSOR
SUHHARY STATISTICS

INFORKATION SUMHARY FOR SCENARIO:DTO04

SCENARIO == DT004
DESCRIFTION  -—> RECON ZONE €1400/40/2) 15Z DETOUR
DATA CREATER -——> 7 15 86
USER NAHE -===> JOHH D, LEONARD
AGENCY ~--» UC IRVIHE
CRERTED FROM BASE NETWORK: SYMNET

LENGTH OF SINULATION ( IN SECOHDS ) = 3400

RECONSTRUCTION ZONE SPECIFIED AT LINK (307, 508 )
SYHNET DT004
~NUNBER OF LANES = 3 2
FREE FLOW CAPACITY = 2000 1400
SPEED THROUGH ZONE = 33.8 3.7
TRIFS THROUGH IONE =  4498.0  2788.0
VBLUME/CAPRCITY = 0.7473 0,993
HINUTES FER TRIF = 0,888  8.1717
RECONSTRUCTION ZONE SPECIFIED AT LINK ( 308s 509 )
SYRNET proo4
NUNBER QF LANES = 3 2
FREE FLOW CAPACITY = 2000 1400
SPEED THROUGH IONE = 33,7 9.0
TRIFS THROUGH ZONE =  4270,0  2584.0
VOLUHE/CAPACITY = 677 O 9'-’2
RINUTES PER TRIP = 0.8906 3,348
RECONSTRUCTION ZONE SPECIFIED AT LINK ( 509r 510 )
SYNNET 01004
HUMBER OF LANES = 3 2
FREE FLOM CAPACITY = 2000 1400
SPEED THROUGH ZONE = JA6 18.1
TRIFS THROUGH ZONE =  4463.0  2733.0
VOLUKE/CAFACITY = 0,7438  0.9781
HINUTES FER TRIP = 0,872 1,633

DETQUR OPTION SELECTED ——> SHORT-TERH USER-SPECIFIED

NUMBER OF DETOUR ROUTES -—>
PERCENTAGE OF VEHICLES USING ROUTE = 13

ORIGINAL ROUTE!
527 506 507

DETOUR  ROUTE:
527 506 7506 43

50
9 510 51l S0

4 47 48 49 50 45 B[S

TRAVEL TIHE COMPARISON ALONG ROUTES:

SYSNET  DTOM4
ORIGINAL ROUTE = 27
DETOUR ROUTE = 9.4 1259
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CARHOP OUTPUT PROCESSOR
SUMMARY STATISTICS

INFORKATION SUMMARY FOR SCENARIO:DT00S

SCENARIO ~—=> DI003

DESCRIPTION ~ ——-> RECON ZONE (1400/40/2)% 201 DETOUR
DATA CREATED —=> 7 15 8

USER NAKE ———> JOHN D, LEOHARD

AGENCY —> UE IRVINE

CREATED FROM PASE NETWORKI SYNNET
LENGTH OF SIHULATION ¢ IN SECONDS ) = 3400
RECONSTRUCTION ZONE SPECIFIED AT LINK ( 307s 308 )

SYRKET BT003
NUMBER ‘OF LANES = 3 2
FREE FLOW CAPACITY = 2000 1400
SPEED THROUGH ZONE = 3.8 (N
TRIPS THROUGH ZONE =  4496,0  2734.0
VOLUME/CAPACITY = 07493 - 0.9764
HINUTES PER TRIP = 0.8886  4.9378
RECONSTRUCTION Z0ME SPECIFIED AT LINK ( 508y 509 ).

SYHMET DT00S
NUHBER [F LANES = 3 2
FREE FLON CAPACITY = 2000 1400
SPEED THROUGH ZONE = 3.7 11,4
TRIFS THROUGH ZOME =  4270,0  2540.,0
VOLUME/CAPACITY = 07117 0.9071
HINUTES FER TRIP = 0.8906  2,6207

RECONSTRUCTION ZOME SPECIFIED AT LINK ( 3509y 510)

SYRNET BT003
NUNBER GF LANES = 3 2
FREE FLOW CAPACITY = 2000 1400
SPEED THROUGH JONE = 346 19.
TRIPS THROUGH ZONE =  4463.0  2690.0
VOLUKE/CAPACITY = 0.,7438  0.9807
HINUTES PER TRIP = 0.8672 1,539

DETOUR OFTION SELECTED -—-> SHORT-TERN USER-SPECIFIED

NUKBER OF DETOUR ROUTES -—=> 1
PERCENTAGE OF VEHICLES USING ROUTE = 20

509 510 51

4 47 48 49 50 45 911 S5

TRAVEL TIHE COMPARISON ALONG ROUTES

SYKNET 27005
ORIGINAL ROUTE = 4.8 18.14
DETOUR ROUTE = 9.8 202.5

Travel Time Comparisons Along Detour Route



time increases to 27.7 minutes per trip while the travel time along the original route
decreases to 29.9 minutes. With 10% of the freeway trips being routed along the
detour, the fastest route again becomes the freeway, with a trip taking 29.8 minutes
along the original route and 67.1 minutes along the detour route. The travel times
with 15% and 20% of the freeway trips routed along the detour are 125.9 and 202.5
minutes, respectively. The equilibrium that can be expected to be realized under
these conditions thus is approximately 5% of the freeway traffic selecting the

detour route.

CONCLUSIONS

The CARHOP Environment can provide the transportation planner and engineer
with an effective method of measuring system performance during the
reconstruction process. Using CARHOP, assorted measures of effectiveness may be
generated and used to evalute alternative reconstruction strategies and possible
mitigation procedures.

CARHOP provides an interactive, user-friendly, menu-driven, screen-oriented
environment for the generation of reconstruction scenarios consisting of any
combination of reconstruction zones (freeway lane constrictions) and detour

strategies. CARHOP allows several scenarios to be created in a single interactive
session, storing the changes for subsequent processing by the other modules of the
CARHOP Environment. Statistics output by CARHOP include vehicle speed, vehicle
miles, vehicle trips and vehicle minutes. They are complied on a link-by-link basis,
aggregated for the freeway and arterial subnetworks, as well as for the network as a

whole.

These outputs provide individual scenario reports on conditions in the

immediate reconstruction zone. Histograms are generated, providing visual
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comparisons of various performance measures on each subnetwork and the global
network. These comparisons are intended to assist in the selection of reasonable
freeway reconstruction/rehabilitation schedules.

To test and demonstrate the capabilities of CARHOP, a section of the
Interstate 5 freeway in Orange County, Califarnia was analyzed relative to various
reconstruction strategies. The section analyzed, which begins at the interchange
with State Route 55 and extends north to immediately south of the interchange with
State Route 91, is scheduled for major reconstruction by the California Department
of Transportation.

In the analysis, a number of reconstruction strategies, encompassing various
diversion strategies involving detours to the surface street network, were

evaluated. The results were useful in identifying courses of action that were
optimal in the sense of traffic management, and offered encouragement relative to

the potential usefulness of this tool.
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