|

TEXAS TRANSPORTATION INSTITUTE

A Short Course
on Techniquesfor Determining
Construction Related Road User Costs

prepared by
TEXAS TRANSPORTATION INSTITUTE

THE TEXAS A&M UNIVERSITY SYSTEM
701 NORTH POST OAK, SUITE 430
HOUSTON, TEXAS 77024-3827

for

TEXAS DEPARTMENT OF TRANSPORTATION

M arch 1999



TABLE OF CONTENTS

Page
INTRODUGCTION ..ottt et et eeeeeee et eeseesesses e s seeeeesseseeseeeeeseseeseeseeseeeeseeseeseeeeseeseeseneeseeseseesneeeseean 1
COURSE OVERVIEW ...ttt e eeee et eeeeeseeeetees e s sees et esaeses et eesessseesseesesseseesseseeseeseeesneenensens 2
COURSE AGENDA ..ottt ettt e et et e e eeee et eee et eee et ees e s seese et esees st eseesesseeesseesesseeeesseeeeseeseenneenensens 3
STEPS TO COMPLETE A USER COST STUDY ....oveveeeteeeeeeeeeeeeteseeeeeeeesseeesesseesesseseessesesessesessessensens 4
STEP 1: DATA REQUIREMENTS eevoeeeeeeeeeeeeseeseseesssssssssssseesssssssssssssssssssssssssssessssssssessssssssssssssssssesessssssssssesessesssss 4
STEP 2 SELECTION OF ANALY SIS TECHNIQUE ......ev.oeeeeeoeeeeeeeeeeeessssssssssssseessesesessssesesssssssssssesessssssssssesssssssses 7
STEP 3: CONVERT TO USER COSTS....cccoovererrereeeessssssssssssssesssssssssesssssssssssssssesssssssssesessssssssssssssssessssssssssesssssssson 12
GENERAL COMMENTS ON ....ooeteeeeeeseeseeeeeeeeteseeeeee et eese et seesessassesseseesessessessesesesseeseseassseessssseeseees 17
SELECTED COMPUTER MODELS.....c..eeeeeeeeeeeseeeeeeee et eeeeeeeeeeesssseseesesessesseseesesesseesesaessseseesesenseees 17
PASSER 11-90.......111.veeeeeeeeeeeeeeseeessssssssssseeessessssssesssssssssssssssesesssssssseseseesssssssssssseseessssssssssesessssssssssssseseessssssssssseesessssen 17
PASSER [l e eeeeeeeeseeeesseessssssessseeeessesssssseesssesss s sesessssssssesessessesssssssseeeesssssssseseseesssssssssssesesssssssssssseesessssen 29
= o Y 34
SUMMARY e eeeeesseseeesesssessssssseesessssssseseeseses s eeeesessssseeeeseesesssssssseeeessesssesesesessssssssssseesesssssssssesssessse 35
EXAMPLE PROBLEMS ..o veeeeeeteeeeeeeeeee et et e et ee et es et e s eseseseese e s eeeseesessessee et eeseseeeneeesesseeeeneesensens 36
EXAMPLE 1: ROADWAY ON NEW LOCATION-US 281 ALICE RELIEF ROUTE ..ovvvessessseeecceeereseeeeessessssen 36
EXAMPLE 2. DETOUR ROUTING ANALY SISUSING TRAVEL TIME DIFFERENTIAL w....ooooeveeeveeeeeeeeeeessees 40
EXAMPLE 3: INTERSECTION WIDENING (calculations by hand and using PASSER 1) c.......eeeeeeeeereeeeeeeeeesssse 41
EXAMPLE 4: WIDEN AND RECONSTRUCT URBAN ARTERIAL-US 90A FROM KIRBY TO 1-610
(HARRIS COUNTY ) ecoovvveveeeeseeeeessssessssseeeeesssssssesssssssssssssssesessssssssesessessssssssssseseessssssssssesesssssssssssssssesssssssssssessessssen 53
EXAMPLE 5: BUILD SIX MAINLANES AND TWO 2-LANE FRONTAGE ROADS WHERE A FOUR-
LANE ARTERIAL NOW EXISTS-US 90A FROM SOUTH OF 1-610 TOHIRAM CLARKE ~ (HARRIS
[0 011N 12 oo 66
EXAMPLE 6; FREEWAY CONSTRUCTION USING FREQLOPC........eeeeeroeeeeemeeerseesesesessssssssssssesesssssesseeesessssen 84
EXAMPLE 7: TEMPORARY DAILY LANE CLOSURE-FREEWAY WORK ZONE ON URBAN FREEWAY
.......................................................................................................................................................................................... 91
SUMMARY oottt et et et e et et s e et et e e eee et e e e e e eee e s e e et et ee e s eeenees et e s e esees e s e e eneeeen 107



LIST OF TABLES

Table 1. Adjustment Factor for Restricted Lane Width and Lateral Clearance............ccceeveeneeee.
Table2. CPl and Value of Motorist TIMe—1985 t0 1997 .........ccccoouiiiierierieeiee e

Table 3. Additiona Daily Motorist Costs Due to the Delayed Completion of a Rural Highway

from a Two-Lane Undivided Highway to a Four-Lane Divided Highway ...................
Table 4. Summary of PASSER 11-90 Input Data ReqUIrEMENES..........ccoveieirieeneeiieeee e

Table 5. Interchange Interior Travel Time and Overlap as a Function of Separation Distance

Between INterseCtion SIOP LINES .......ooviiiiieiieiieeieesee et
Table 6. Summarized Traffic Volumes on a Segment of 1-10 East Freeway ..........ccccccvevverieennen.

LIST OF FIGURES

Figure 1. PASSERII-90 Phase NUMbDENNG SYyStEM........cociiiiiiiiiieee e
Figure 2. Example of the LEART ANIMELiON SCrEEN .......eieiiiieiieeeiiee e eee e e e seeee e
Figure 3. Assistant Function for Left Turn MOovement ...........coooereiee i
Figure 4. Assistant Function for Through Movement.............cooceieiee i
Figure 5. Phasing Code Descriptions Used by PASSER I .......oooiiiiiiiiiieeeeeecee e
Figure 6. Interchange Movements Required by PASSER 1 ........cccooiiiiiiiiiiiiceeeeeee
Figure 7. Layout of the Alice Relief Route in JIm WellsCounty ...........cccoveeieiieeiciieieeeee e
Figure 8. Detour Plan Bridge BEam EreCtiON. ........c.ccoiiiiiieiieiieeeesee e

Figure 9. Existing and Proposed Geometrics and AM Peak Period Turning Movement Count

for FM 1111 @and CR 99......ciiieiii et
Figure 10. Completed HCM Analysis of All-Way Stop Control Section...........c.cceeeeveeriveeneenne
Figure 11. PASSER I1 MaiN MENU SCIEEN ......coiiiiiiiiiiiiee st
Figure 12. PASSER I INPUE MENU SCrEEN .......oiiiiiiiiieeiee et
Figure 13. PASSER Il Arterial Dala SCreEN .......c.oeiieiiiiieeeiie et
Figure 14. PASSER Il Vehicle MOvEMENT SCIreeN .........oociiiiiiieeeesee e
Figure 15. PASSER Il Vehicle Movement Data Screen Completed for Example 3......................
Figure 16. PASSER Il Phasing Pattern Data SCreeN ........c.ceieiiiiiiieeiie e
Figure 17. Phasing Pattern Data Screen Completed for Example 3........cccoovoieieeiceeccen e
Figure 18. PASSER |1 OULPUt MENU SCIEEN .......ceeiiiiiiiiieeciie e
Figure 19. PASSER Il Measures of Effectiveness Screen for Example 3..........cccceveeiienieeneene
Figure 20. Project Layout for EXamMPIE 4.........ooo i
Figure 21. Arterial and Intersection Layout for Example 4.........ccoooeeeiiiiin e
Figure 22. Tube COUNt LOCALIONS. ........cieiieeeiieeeiieeeieeeeiee et e e et e e st e e seeeessneeesnee e sneeeenneeeenees
Figure 23. PM VoluMESTOr EXaMPlE4......oo ettt
Figure 24. PASSER Il MaiNn MENU SCIEEN .......ooviiiiiiiiieieesiee e
Figure 25. PASSER I EQIt MENUL......coiiiiiiiiiieieesee e
Figure 26. PASSER Il Arterial Edit Screen Completed for Example4.........cccovveeieeienieeseene
Figure 27. PASSER Il Vehicle Movement Data SCreen..........cocvveeeieeiieeieesee e
Figure 28. PASSER Il Vehicle Movement Screen Completed for Example4............ccccoeeveeienne
Figure 29. PASSER Il Phasing Pattern INPUt SCreen..........ocviiiieieeiie e
Figure 30. PASSER Il Phasing Pattern Screen Completed for Example 4 ..........cccccoeviiieeieene
Figure 31. PASSER Il Arterial Geometry Data INnput SCreen.........coovvveeeieenee e

.......... 57



Figure 32.
Figure 33.
Figure 34.
Figure 35.
Figure 36.
Figure 37.
Figure 38.
Figure 39.
Figure 40.
Figure 41.
Figure 42.
Figure 43.
Figure 44.
Figure 45.
Figure 46.
Figure 47.
Figure 48.
Figure 49.
Figure 50.
Figure 51.
Figure 52.
Figure 53.
Figure 54.
Figure 55.
Figure 56.
Figure 57.
Figure 58.
Figure 59.

LIST OF FIGURES

Page
PASSER |1 OULPUE MENU SCIEEN ...ttt 65
PASSER |1 Measures of Effectivenessfor Phasel, PM.......coooooi, 65
PASSER Il Measures of Effectiveness for Post CONSLIUCHION..........covvveeieenienieeieesee e 66
Layout of Tube Countsfor EXample 5. 68
Hourly Volume Tube Counts-US 90A Eastbound @ Hiram Clarke..........ccocccovvieiicenenens 70
Hourly Volume Tube Counts-US 90A Westbound @ Hiram Clarke..........cccoooeeiiiiiennnee 71
Willowbend Geometry and Turning Movements during Phase 1 and Post Construction ...... 72
PASSER I EIt MENU......c..oiiiieieeieeee et 73
PASSER Il Artefial Data SCIrEEN ......cccveiiiiieeiiee ettt 74
PASSER Il Turning Movement Data INPUL SCIEEN.........ceeieeriierieiiese et 75
PASSER |l Data Input Screen Completed for EXample S5..........cccoveiieiiiiiienieneeeesee e 76
PASSER || Phasing Pattern Data Entry Screen (not completed) ...........ccooveieeriiniienicinens 77
PASSER |1 Phasing Pattern Data Entry Screen (completed) ..........ccoocveiieneinieiiecnicneeeee, 77
PASSER 1] OULPUE MENU . .....eiiiiiieieieieeee e 78
PASSER |1 Arterial System Performance OULPUL............ccooeerieeieeiieiee e 78
PASSER 1 MaAIN MENU SCIEEN .......oiiiiiiiiiie ettt 79
PASSER [ EQIt MENU SCrEEN......ccueiiiieiie ettt 80
PASSER |11 Freeway |dentification Data INPUt SCreeN..........cocvieieeiieriieeiiesee e 80
PASSER |11 Signal Interchange Data SCIreEN .........cocvieieeiieieeiieesee et 81
PASSER 111 Intersection MOVEMENT SCrEEN ........ooiiiiiieieeie e 81
PASSER 11 ASSISEANT FUNCLION.........ciiiiiiiiiieeiee et 82
PASSER |11 Intersection Movement Screen Completed for Example5.........cccocevveeiiiinens 82
PASSER T OUIPUL IMENU. ...ttt nane e 83
PASSER |1l General Signalization Information OUtPUL SCreen ..........ccceeveeneeriieeieeneennens 83
Study Selection and Freeway GEOMELTY .........c.ciiieir i eiie e eeee e seee e s seeeenaeeeens 91
Estimation of Hourly Entry and Exit Ramp Volumes SH 288 (Southmore to MacGregor) .... 93
FREQ10 Output—Base CONTITION ..........oeiiiieiereiie e eiee e ree e see e seeeesee e smeeeenneeeeas 99
FREQ10 OULPULWOIK ZONE.......oi ettt e e e e s 103



INTRODUCTION

In 1987, the Houston District of the Texas Department of Transportation
(TxDOT) requested that the Texas Transportation Ingtitute (TTI) evaluate the
impacts of the construction sequencing on a proposed reconstruction of the US
59 Southwest Freeway. The original intent of that work effort was to determine
any potential impacts of construction on three different freeway segments under
contract to three different contractors. There was concern as to what would
happen should the contractors not remain in the same construction phase/time
frames which could result in the use of difficult transitions between each
contractor’s area of work. The delays determined by the analysis (using hand
calculations and simulation models) were ultimately converted into road user
costs that were later used to support the specification of liquidated damage
assessed should a contractor fall behind the planned construction schedule. The
application of road user costs may not be necessary for all projects. The criteria
for the selection of projects requiring road user cost studies will be based upon a
policy currently under development.

Over the past 10 years, the staff of the TTlI Houston office has
completed over 50 road user cost studies for the Houston District. These have
ranged from complicated freeway reconstruction projects requiring the use of
computer simulation models) to simpler projects where hand calculations were
used. In order to transfer the technology of completing these studies to TxXDOT
on a state-wide basis, the Construction Division has contracted TTI to develop a
short course to provide instruction on the techniques of determining the
construction related road user costs for various types of projects in a consistent
manner throughout the State. This two-day course is aresult of that effort.




COURSE OVERVIEW

The purpose of this two-day short course is to provide TxDOT staff
with the expertise to complete road user cost studies for roadway construction
projects. Upon successful understanding of the material in this course, each
student will be able to:

1 Select the appropriate technique to prepare a road user cost
study for various construction projects.
2. Complete a user cost study which will be consistent with other

road user cost studies undertaken throughout the state.

This two-day course will briefly present a process to select the proper
techniques to complete a user cost study, the correct way to use either manual
methodologies or computer simulation tools to determine user delays, and how
to convert the user delays into a monetary value. The following course agenda
provides a general guideline for review of the course material and conduct of
the class. Students are encouraged to actively participate in the short
cour se by asking questions as necessary.

All class material was developed based upon the experience and
expertise of TTI staff in preparing a wide variety of user cost studies for the
Houston District. Even though the mgjority of the example problems are within
urban areas, the techniques can be applied to rural areas of the State as well.
The work efforts of several TTI staff are represented in this short course.
Primary authors of the course are Darrell W. Borchardt, P.E., and Anthony P.
Voigt, P.E.




COURSE AGENDA

DAY 1
Session 1 Introductions/Course Overview
Session 2 Steps to Complete a User Cost Study
. Data Requirements
. Selection of Analysis Technique
. Conversion to User Costs
LUNCH BREAK

Session 3 Example Problems

DAY 2

Session 3 Example Problems—Continued

LUNCH BREAK

Session 4 General Comments on Selected Computer Models

Session 5 General Discussion/Summary

NOTE: Other breaks will be scheduled throughout the day as necessary.




STEPSTO COMPLETE A USER COST STUDY
There are three basic steps to complete a road user cost study (RUCS).
This session of the short course will provide an introduction and overview of

each of following steps.

Step 1: Data Requirements

. Traffic Control Plan
. Traffic Volume Data
. Contract Time Determination

Step 2: Selection of Analysis Technique

. Layout Overall Approach for Analyses
. Traffic Model Selection

. Determine Capacities

. Determine Delays

Step 3: Conversion to User Costs

. Vaueof Time
. Amount to Specify as Liquidated Damages
. Documentation

Each of these steps is critical for TXDOT staff to follow a consistent,
state-wide methodology for completing road user cost studies. Although each
analyst or project manager may approach each problem in their own unique
way, the overall methodology should be consistent. Consistency is very
important to assure valid estimations of user costs for al TxDOT roadway
construction projects.

STEP 1: DATA REQUIREMENTS

As with all traffic engineering projects, it is essential that adequate data
be made available to prepare a valid road user cost study. Three essential data
items typically needed for RUCS include a traffic control plan, traffic volume
data, time duration of phases and/or steps. It is also necessary to determine if a
RUCS is to be completed for each phase and/or step of a project or if only a
before and after study is to be completed. In most cases, the before/after
approach is acceptable. However, the more detailed approach may be needed
for special projects. Thiswill be explained in greater detail in Step 2.




Step 1A: Traffic Control Plan

A complete traffic control plan may not aways be available at the time a
road user cost study is required to prepare the project for bidding. In fact, user
cost studies have been completed to evaluate certain concepts of proposed
construction sequencing to determine how to phase the construction before any
detailed traffic control plan development was completed. In most instances, a
set of traffic control plans at the 90-95% completion stage are sufficient to
prepare a valid RUCS for a proposed construction project. The plans should be
able to provide sufficient detailed information on the following items that are
necessary to estimate roadway capacity within the proposed project.

. Exigting project layout.
. Layout of project sequencing.
. Roadway lane information:

- number of lanes;

- |ane widths;

- |ateral restrictions;

- turn restrictions; and

- specia traffic control operations (if any).
. Specia Detours (e.g., total roadway closure):

- times of detours; and

- proposed detour routing.

Other unique considerations are adjacent traffic generation (eg.,
shopping centers, sports venues, schools, etc.), time of year constraints, and
special events.

Some engineering judgement and assumptions may be necessary to
complete each study. The assumptions should be documented in the road user
cost analysis report.

Step 1B: Traffic Volume Data

The availability of traffic volume data is the most critical component of
completing a road user cost study. This may also be the most difficult portion
of the needed information to obtain. Current traffic data (hourly volumes, peak
period traffic counts, travel time studies, etc.) within the limits of the
construction project should be collected. It may also be necessary to obtain
traffic volume information on roadways outside the area of construction if road
closures and/or extensive detouring is expected. Advantages of being able to
collect updated volume information include: 1) the information can be used by




the construction office to evaluate any proposed lane closure strategies
throughout the project; and 2) to retime any traffic signalsin the work area. The
analysis technique selected will determine the type and amount of data that is
needed. In most cases, either turning movement counts (in the case of
signalized intersections) or freeway mainlane and/or ramp counts are required.
These analyses cannot be adequately completed without the necessary traffic
volume information. As the road user costs analyses are typically completed
near the end of the design process, it is important that steps are taken to obtain
the required data. The importance of having current and accurate traffic volume
datais critical to RUCS.

Step 1C: Contract Time Deter mination

The determination of the expected contract time is a component that can
be very useful in road user cost studies. If the time required to complete each
phase/step is known, a prorated average road user cost can be determined and
applied evenly throughout the job.

STEP 2: SELECTION OF ANALYSISTECHNIQUE

The second step in completing a road user cost study is to select the
most appropriate technique to estimate the roadway delays. In many cases, this
step is completed in conjunction with the collection of the traffic data (Step 1B).
The availability of atraffic control plan and/or traffic volume data can influence
which technique is used for the study.

Step 2A: Layout Overall Approach for Analysis

Before determining the actual delays associated with the construction, an
overall approach or “plan of attack” should be outlined. There are two levels of
effort at which the user cost studies can be completed. The first is very detailed
and requires that roadway delays are estimated for each phase/step of a
construction project. This is especialy useful for complicated projects,
rehabilitation projects in which there is no change in roadway capacity after the
construction is complete, projects in areas of high traffic demands, or a project
in which the existing capacity of the roadway is significantly reduced during the
construction. This approach can be applied to situations in which there is a
critical phase of a project. The advantage of this approach is that a more
detailed traffic operations analysis is completed resulting in a more realistic
estimation of road user costs. In addition, a comprehensive review of the traffic
conditions that may be expected during each phase can be evaluated. In more
high profile projects that are accompanied by public information campaigns,




knowledge of the expected travel conditions can be a valuable aid in informing
the public of the importance of finding an alternate route. Disadvantages of this
approach are that it may require more time and effort to evaluate each phase,
and it will typically require a significant amount of traffic volume data.

The second approach is a comparison of the existing traffic conditions
to the traffic conditions expected after the project is completed: a “before and
after” comparison. In many cases, the amount of traffic data required is no
different than when completing the more detailed phase-by-phase analysis.
However, the amount of time required to complete the analysis is much less.
This methodology can be used on all construction projects in which the capacity
of the roadway isincreased.

There are no specific guidelines to assist in determining which approach
should be used. Either approach determines user costs which are incurred by
the traveling public due to the roadway construction. Using the second
approach (“before and after” comparison) can probably be used for most
roadway construction projects. In addition to evaluating the delay, that
approach will also illustrate the benefit the improved roadway will have on the
traveling public after all construction has been compl eted.

Step 2B: Traffic Model Selection

Working in conjunction with the analysis approach and the collection of
necessary traffic volume data, the correct traffic simulation model must be
selected and appropriately applied to the given construction project. Although
there are several methodologies and computer models which may be used for
most situations, it is important to complete these studies in a consistent manner
throughout the Department. In addition, road user cost studies may be
completed using hand calculations in some instances. However, most road user
cost studies will require the use of a computer simulation program. At the
present time, three traffic modeling programs are acceptable for use in roadway
construction projects. These are the FREQ10PC freeway simulation program
and the PASSER Il and PASSER Il (or PASSER 2000) traffic signal
optimization programs. Depending upon the specifics of the particular
construction project, none of these models may provide for the best choice and
the use of other techniques may be necessary. However, these instances are rare
and may require special consideration. Until the validity of other computer
programs for use in road user cost studies can be addressed, only the FREQ and
PASSER series of programs are recommended for use by TxDOT staff for these
studies.




In some instances, the road user cost studies can be completed using
hand calculations. Some examples include detour routing of traffic due to road
closures or turn restrictions, evaluation of detour routes, and delay analyses of
al-way stop controlled intersections. The latter involves using techniques
included in The Highway Capacity Manual (1).

Many TxDOT projects impact signalized intersections within the
construction area.  Although there are many traffic signal timing optimization/
simulation models available for use, it is recommended that the PASSER series
be utilized. These programs were developed by TTI for TXDOT and are
extensively used a nation-wide. Most District traffic engineering sections utilize
these models to time traffic signals; therefore, each District should have one or
more staff member(s) who is familiar with several of the PASSER models.
Specific uses of the models are as follows:

. PASSER I - isolated signalized intersections
- interconnected arterial signal systems
. PASSER Il - isolated diamond interchanges
- interconnected diamond interchanges
along afreeway frontage road
. PASSER IV - signalized arterials

- diamond interchanges
- three-level diamond interchanges
- grid networks

There may be some projects in which the geometric and traffic control
exist so that the PASSER series of models may not adequately simulate the given
situation. In these rare cases, the evaluator may wish to use other signal timing
programs for that particular project. There are several computer models
available; two of the most popular are TRANSYT-7F and SYNCHRO.
TRANSYT-7F is presently available in an updated version (Release 8) for $500;
SYNCHRO was developed in the private sector and is very expensive—pricing
currently begins at $4,095 for agencies with up to 400 signals under their
jurisdiction. If the evaluator decides to use one of these two models or another
model, the results may not be consistent with these determined by the PASSER
series. Until these programs are evaluated for specific applicability to road user
cost studies, TXDOT staff should use the PASSER series of programs on al
construction projects involving roadways with signalized intersections.

Many construction projects in urban and rural districts are completed on
sections of freeways. In most cases, the freeway construction may impact the
traffic due to reduced capacity resulting from narrowed freeway lanes, the




removal of shoulders, and a reduction in the distance from the travel lanes to
any lateral obstructions. The capacity of the freeway in these cases may be
estimated by the procedures which will be examined in Step 2C.

Several microcomputer programs can be utilized to simulate freeway
operations of a freeway under construction. The expertise within TxDOT for
evaluating freeway operations using the available models may be somewhat
limited when compared to that for signa operations. Many of these models
require an extensive amount of data collection to produce valid results and each
model also has its intended use. Based upon TTI's past experience in
completing road user cost studies, it is recommended that the FREQ10PC model
be used to estimate delays for road user cost studies on freeways.

The FREQ10PC model is particulary applicable in cases where the
freeway capacity is reduced by narrowing of lanes or a lane is completely
removed. The model also has the capability to evaluate lane closures during
specific time periods. Although the FREQ series of computer programs was
developed by the University of California at Berkeley, TxDOT provided funding
for the development of Release T91. The FREQ10PC model provides detail
operational information for the freeway on a sectional basis and can evaluate the
roadway for an entire 24-hour time period.

There may be some construction projects (especially in the urban
environment) in which the FREQL1O0PC model may not effectively model
freeway operations. An example of thisis a project in which several freeways
are impacted by detours from a roadway under construction; primarily in the
downtown area of a large city. In this case, the CORFLO freeway modeling
program is recommended. The evaluator could also opt to use the Traffic
Software Integrated System (TSIS) which allows the user to simulate freeways,
surface streets, and two-lane roadways within the same software package. The
data requirements of CORFLO and TSIS are quite intensive and each requires
the setting up of a network in a link-node fashion. These models should be
used for special cases of very complicated construction activities in urban areas.

By correctly applying traffic models documented above, the evaluator
should have adequate resources to determine the delays associated with a
majority of road user cost studies. However, there may be some projects in
which other methodologies may be more appropriate. An example of thisis a
toll facility in which the value of lost revenue due to delayed completion of a
project could be considered in the estimation of liquidated damages. For the
vast majority of TXDOT construction projects, the FREQ10PC, PASSER II/111
models, hand calculations, or a combination of these will be sufficient to




complete the road user cost studies. In special instances, the evaluator should
use other accepted techniques as necessary.

Step 2C: Capacity Determination

Although some of the computer traffic models complete the capacity
calculations internally (based upon user supplied inputs such as lane widths,
lateral obstructions, traffic mix, etc.), there may be some instances where the
user must determine the actual roadway capacity. Or, the user may aso be
required to provide the model with a “capacity reduction factor” for a specific
situation.  Just about any accepted standard practice may be used for
determining the capacity of a given roadway. However, to provide for
consistency among road user cost studies, it is highly recommended that the
procedures documented in HCM (1) be used. Users may also use the Highway
Capacity Software (HCS), which is a “computerized” version of the HCM. As
long as the users are consistent in the determination of the capacities, the use of
most any method is valid. The estimation procedures should be well
documented and kept as part of the project file.

As one becomes more familiar with completing road user cost studies
(and reviewing traffic control plans), it will become more obvious that during
most situations the capacity of the roadway is normally restricted due to lane
width reductions and the placement of concrete barriersin close proximity to the
travel lane. Table 3-2 of the HCM (Table 1) can be utilized to approximate a
capacity adjustment factor. Although primarily designed for use on freeways,
the adjustment factor can be used to estimate the reduction in capacity of lanes
on arterial streets. This will provide for a consistent methodology for
determining the roadway capacity in various steps of a construction project.
Capacities for al-way stop control or two-way stop control can also be
calculated using proceduresin HCM.

Table1l. Adjustment Factor for Restricted Lane Width
and Lateral Clearance

Adjustment Factor
Distance From Obstructions on One Side ‘ Obstruction on Two Sides
Traveled Way .
To Lane Width* (ft)
Obstructions | =12 11 10 =12 11 10
(ft)
=6 1.00 0.95 0.90 1.00 0.95 0.90
4 0.99 0.94 0.89 0.98 0.93 0.88
2 0.97 0.92 0.88 0.95 0.90 0.86
0 0.92 0.88 0.84 0.86 0.82 0.78

*Interpolation may be used for lane width or distance from traveled way to obstruction.

Source: Table 32 of Reference Q).
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A brief example to determine the roadway capacity due to the narrowing
of freeway lanesis asfollows:

. two freeway lanes;

. narrowed to 11 foot in width and no inside shoulder;
. base capacity = 2,000 vph/lane; and

. adjustment factor = 0.88 (from Table 1).

Roadway Capacity = (2,000 vph/lane x 0.88 x 2 lanes) = 3,520 vph.
Step 2D: Determine Delays

The next step is to determine the delays resulting from the construction
activities. In Step 2A, the user needed to develop an overall approach or “plan
of attack”, primarily to decide if a user cost was to be completed for each phase
of the construction project or completed using a more simplistic “before and
after” comparison.

In the case of the evaluator completing a very detailed phase-by-phase
analysis, it is necessary to estimate the delays for each phase/step using the
selected model. In addition, an estimate of the amount of time necessary to
complete the construction activities on each phase is required to determine a
prorated road user cost. The actual delay relating to each phase/step is
determined by subtracting the delays after construction from those determined
for each phase during construction. Thisisillustrated by the examples below.

Post-Construction Delay: 100 vehicle-hours/day

Phase 1 (6 months): 147 vehicle-hours/day

Phase 2 (3 months): 186 vehicle-hours/day

Phase 3 (3 months): 126 vehicle-hours/day
Construction delay for each phase:

Phase 1: 147 vehicle-hours - 100 vehicle-hours = 47 vehicle-hours/day

Phase 2: 186 vehicle-hours - 100 vehicle-hours = 86 vehicle-hours/day

Phase 3: 126 vehicle-hours - 100 vehicle-hours = 26 vehicle-hours/day
Prorated (average) construction delay:

Average: [(47x6) + (86x3) + (26x3)] + 12 months = 52 vehicle-hours/day

11




If phase specific user costs are desired, the delays calculated above can
be used as the basis for incurring liquidated damages for milestone completions
of each (or selected) phases. However, should only an overal project
completion be of concern, the averaging technique presented above should be
used.

A second methodology can be used based upon a “before and after”
comparison. This can apply to the majority of projects where the completion of
the project is important, but in cases in which no specific phase is critical to
normal traffic operations. Continuing with the same example, if the existing
delays on the roadway (post-construction) are estimated at 120 vehicle-hours per
day. The delay incurred on motorists due to not completing the project on time
are estimated as:

Delay = 120 vehicle-hours - 100 vehicle-hours = 20 vehicle-hours/day

Although the user delays determined by each methodology differ by
approximately forty vehicle-hours, both values are determined using valid
methodologies. Each District may wish to determine which methodology is
most appropriate for the majority of its projects and use only that method. In
most cases, the “before and after” delay analysis is sufficient. However, this
decision should be made on an individual project basis.

STEP 3: CONVERT TO USER COSTS

The third step involves converting the vehicle delays into a monetary
value, and specifying the amount of the actual user costs to include in the
construction contract as liquidated damages. In order to determine the monetary
value, the current value of time must be known.

Step 3A: Valueof Time

The basis for determining the current value of time is a 1985 Texas
Transportation Institute report, The Values of Travel Time: New Estimates
Developed Using a Speed Choice Model (2). This study derived the value of
time employing a speed choice model that assumes a rational driver chooses a
travel speed to minimize total driving costs. Total driving costs include value of
time, vehicle operating costs, accident costs, and traffic violation costs. The
study recommends the following values of time (in 1985 dollars):
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. Drivers-$8.03 per person-hour; and
. Passenger Car - $10.04 per vehicle-hour (assumes 1.25 persons
per vehicle).

The value of time is adjusted to current values by using the Consumer Price
Index (CPI). Table 2 illustrates the CPI and value of time from 1985 to 1997.
Current CPI values may be obtained from the Wall Street Journal or other
economic publications. Although the CPI is updated on a monthly basis, the
changes are usually so small that Table 2 need only be updated on a semi-annual
basis. As this study was completed in the mid 1980s, there have been some
discussions to update the current value of time using more recent data than just
the CPl. With the advent of cellular telephones, pagers, telecommuting, and
“just-in-time” delivery, the value of a motorists time has become a very complex
issue. Until the study is updated, the value of time as referred by Table 2 of this
report should be used.

Table 2. CPI and Vaue of Motorist Time-1985 to 1997

. Value of Time
Year CPI
Drivers’ Passenger Cars™>

1985 222.2 $ 8.03 $10.04
1986 228.4 $ 8.24 $10.30
1987 240.4 $ 8.48 $10.60
1988 118.2* $ 8.82 $11.03
1989 124.0* $ 9.26 $11.58
1990 130.7* $ 9.76 $12.20
1991 136.2* $10.17 $12.71
1992 140.3* $10.47 $13.09
1993 144.5% $10.78 $13.48
1994 148.2* $11.06 $13.83
1995 152.4% $11.37 $14.22
1996 156.9* $11.71 $14.64
1997 159.9% $11.98 $14.97

Notes: 'CPI values are annual percentages.
Costs represent only value of time.
3Passenger car cost based on drivers value of time x vehicle occupancy rate of
1.25.
*CPI base was changed in 1988. A multiplication of 2.995566 must be used
with CPI published after 1988.

Source: Reference (2).

TTI staff typicaly uses the most current value of time for “passenger
cars’ to determine the total construction related road user costs. Should
additional information concerning vehicle occupancy be available, that for
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“drivers’ should be used and multiplied by the average number of persons per
vehicle to obtain a more redlistic estimate. The user costs is then determined by
multiplying the delay by the current value of time as illustrated by the previous
example user cost results presented as follows.

For the example in which a phase-by-phase analysis was completed, the
road user costs for each phase are estimated as:

Phase 1 Costs: 47 vehicle-hours/day x $14.97/vehicle-hour =  $704/day
Phase 2 Costs: 86 vehicle-hours/day x $14.97/vehicle-hour = $1,287/day
Phase 3 Costs: 26 vehicle-hours/day x $14.97/vehicle-hour = $389/day

Using the prorated (or average) delay values, the user costs are estimated

Average Costs: 52 vehicle-hours/day x $14.97/vehicle-hour = $778/day

Finally, the road user cost based upon a “before and after” comparison
resultsin the following:

User Costs: 20 vehicle-hours/day x $14.97/vehicle-hour = $300/day.

If a large portion of the traffic volume consists of heavy trucks, the
evaluator may wish to determine a value of time which will account for the
higher operating costs of commercial vehicles. Using a vaue of time for
passenger cars results in a more conservative estimate of user costs.

While individudized road user cost studies are necessary for many
projects, other projects may be able to determine the road user cost from a pre-
determined set of values based on capacity reduction and AADT. These types
of “standardized” tables can be especially useful in highway projects where the
reduction in capacity is the only variable. While road user costs for typical
highway projects can be generated by examining these tables, these values only
represent a magnitude of additional motorist costs associated with a project. The
appropriate computer program should be used with project-specific data to
estimate the additional motorist cost for a specific project.

Standard-type tables usually generate a road user cost for a daily delay,
but, for example, if a project only reduces capacity at night when volumes are
low, the road user cost will obviously be different from the project which
reduces capacity 24 hours. Table 3 presents an example of a table created to
estimate the road user cost for the delayed completion of a rural highway project
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from a two-lane undivided to a four-lane divided facility. This table is taken
from TTI Research Report 1310-F Comparison of Contracting Strategies for
Reducing Project Construction Time (3). Several tables were produced in this
report for different freeway configurations and lane closures. The tablesin TTI
Report 1310-F are likely to be reevaluated and updated and should not be used
for future road user cost projects as these were developed for illustration
purposes only. In the example of Table 3, the estimated road user cost is
dependent on the percentage of truck traffic and AADT. The tables as presented
in the referenced report were developed for illustrative purposes only and are
not intended to be directly applied to specific construction projects.

Table 3. Additional Daily Motorist Costs Due to the Delayed Completion
of aRura Highway Project from a Two-Lane Undivided Highway
to a Four-Lane Divided Highway

Additional Daily Matorist Costs ($/day)

AADT 5% Trucks 10% Trucks 20% Trucks

5000 0 100 100
10000 200 200 300
15000 300 400 500
20000 600 700 1000
25000 1000 1200 1500
30000 1600 1900 2400

Source: Reference (3).

Step 3B: Amount to Specify as Liquidated Damages

The next step is to specify an amount in the construction contract as the
liquidated damages to be incurred by the selected contractor for not completing
project deadlines. This liquidated damage is a sum of TxDOT engineering costs
(i.e., costs to pay for TxDOT staff to monitor and administer the project) and a
portion (or all) of the estimated road user costs. A previous study by TTI
recommended that 25 percent of the motorists costs be included in liquidated
damages (3). This reduction of the estimated road user costs by 75 percent
provides for a very conservative use of the actual delays incurred on the public
by delayed completion of the project.

Step 3C: Documentation

The fina step (which should ideally be completed concurrently while
completing the user cost study) is to provide sufficient documentation in the
project file concerning the study. Thisis critical to provide consistency among
user cost studies, as well as to satisfy any legal issues about the validity of the
study. If adispute arises between TxDOT and a contractor, the most likely point
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of contention may be on time extensions related to the construction, but proper
documentation is needed in case the contractor challenges the actual user cost
delays used to determine the liquidated damages. The information which should
be retained in the project file for documentation typically contains the following:

Traffic Data Sources,

Modeling Approach;

Delay Calculations;

CPl and Value of Time Update; and
Project Specific Items.

® o P T

16




GENERAL COMMENTSON
SELECTED COMPUTER MODELS

This portion of the manual provides for a brief introduction to the
computer models used in the following examples. It is not intended to instruct
in detail on all the uses of each model, but to provide a brief overview of each
model. In completing user cost studies, the models are used to aid in estimating
motorist delay only, and not to (for example) determine and implement traffic
signal timings in the field. Using consistent assumptions throughout all user cost
studies in each model will smplify the modeling process.

The following traffic simulation models are highlighted in this session.

Treffic Simulation Models
PASSER 11-90 Traffic signal optimization programs which may be used
PASSER 111 for construction projects on arterials.
FREQ Freeway models which may be used for urban and rural
rehabilitation and construction projects.

PASSER 11-90
Application: Isolated Signalized Intersections and Arterial Signal Systems.

PASSER (Progression Analysis and Signal System Evaluation Routine)
Il can anayze both individual signalized intersections and progression
operations along arterial streets. The program can simulate existing timings or
optimize signal timings based on a wide range of user defined options. A
unique feature of PASSER 11 is that it can optimize signal phasing. The latest
edition, PASSER 11-90 was preceded by three other versions: PASSER 11-80,
PASSER [1-84, and PASSER 11-87. A Windows-based version (PASSER [1-99)
is currently under development and testing. PASSER 11-90 was designed for
analyzing intersections with or without separate left turn lanes and protected left
turn phases. PASSER 11-90 is popular because of the ability to select
intersection phasing to maximize arterial progression. The program varies the
signal phasing sequences and offsets at each intersection concurrently (with
needed speed or cycle length changes) to find the optimal timing plan that
maximizes the progression bands while minimizing total arterial system delay.
Table 4 summarizes the input data requirements for PASSER 11-90 (4).
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Table 4. Summary of PASSER 11-90 Input Data Requirements

Magjor Data Category | Input Data Type Source of Information
Network Data Intersection Maps, Drawings,
Street Names Arterial Photographs,
Intersection Spacing Field Measurements
Speed Data Posted Speed Limit Field Study
85™ Percentile Speeds
Volume Data Total Traffic Volumes Field Study
Turning Movement Counts
Timing Data Left Turn Treatment Timing Plan
Permissive Phase Sequence Field Study

Number of Phases

Minimum Phase Times

Existing Cycle Length (optional)
Existing Phase Sequence (optional)
Existing Splits (optional)

Existing Offset (optional)

Control Data Program Control Options User Specified Values
Embedded Parameters
Bandwidth Weighting

Queue Clearance Time

There are eight basic signal timing parameters and other parameters to
watch with respect to smulation and optimization with PASSER 11-90: Cycle
Length, Phase Designation, Phase Sequence, Left Turn Treatment, Interval and
Phase Length, Coordination Offset, Embedded Data, and Phaser Data.

Cycle Length

PASSER 11-90 assumes that all intersections operate on a common
background cycle length. Double cycling is not alowed (if necessary,
TRANSYT or SYNCHRO can handle double cycling). The model can select the
best cycle length for progression, or develop a timing plan for a given cycle
length. Severa optimization computer runs may be needed before a final
solution is obtained. Engineering judgment is necessary to avoid excessive side-
street queues, link oversaturation, and wasted green time. PASSER 11-90
calculates a “maximin cycle length” or the maximum of the minimum-delay
cycle lengths for each intersection. It is recommended that the cycle length be
restricted to within 10 seconds of the maximin cycle length. Thiswill insure that
the optimal arterial progression settings are used, knowing that arterial system
delay will be near the minimum value.

Phase Designation
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PASSER 11-90 uses the basic NEMA eight phase system as defined in the
Traffic Control Systems Handbook. Phases 1, 2, 5, and 6 serve the traffic
movements along the arterial where progression is desired. Phases 3, 4, 7, and 8
serve the cross street phases. Protected lefts are given odd phase numbers,
through and right turn phases are given even numbers. In PASSER 11-90,
movements 2 and 5 move in the “A” direction and 1 and 6 travel in the “B”
direction (Figure 1). The input data should also include minimum phase lengths
to satisfy pedestrian movements, if required.

THE CROSS STREET
l % «___ 'B’DIRECTION
! l,___
4 7 6 e
THE ARTERIAL 11—  ASSNN
s =

: 3 8
E I I_. * A" DIRECTION

Figure1l. PASSERII-90 Phase Numbering System

Phase Sequence

Phase sequence is the order signal phases are displayed during a cycle.
Two to six phases make up atypical cycle, depending on how the left turns are
treated. PASSER 11-90 will automatically select the best phase sequence
combination, with or without overlaps, to maximize the progression bandwidth.
PASSER 11-90 can evaluate up to four phase sequences for the main arterial
while only one phase sequence is allowed for the cross street.
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Left Turn Treatment

The optimal signal timing at an intersection with permissive left turnsis
a complex issue. To determine phase time, the capacity must be estimated, but
capacity is dependent on phase times. A thorough solution requires many
iterations, but PASSER 11-90 only computes one pass through this process. The
phase times based on permissive left turn capacities may not be accurate. The
user should concentrate on output at intersections with permissive left turns and
compensate with adjusted minimum phase green times if necessary.

Six left turn treatments are available for analysis in PASSER II.
Protected, permitted, and protected/permitted (combined) operations, each with
or without left turn bays, is available. Procedures for selecting each option are
discussed as follows (4).

Summary of Operating Procedures

Alternative left turn treatments have very profound effects on the overall
traffic operations. To obtain the needed solutions, the user must select the most
appropriate traffic signal timing solutions among the possible aternatives by
providing the options to be analyzed. The following section describes the
detailed operating procedure for users to switch among different left turn
treatments.

Changing Left Turn Treatment to Permitted Without Bays

3. Press the <ESC> key to return to the Main Menu.
4. Type <3> to edit the data in the Main Menu.
5. Type <2> to edit the intersection movement data in the Edit Menu. The

movement input screen should appear with the cursor at the data entry
field for the NEMA 5 movement.

6. Move to the volume field for the desired left turn movement and press
[F2] until the“NO-BAY" in the lower right-hand corner is highlighted.

7. Type <0> (zero) for the volume.

8. Move to the data entry field for the minimum phase time and type <0>
(zero).

9. Return to the left turn volume field and enter the previous volume or

another desired volume.

10. Pressthe [F3] key. Thiswill activate the ASSISTANT window.

11. Enter the traffic volume.

12. Press <ENTER> to retain the specified volume or enter another volume
and press <ENTER>.
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13.

14.

15.

16.

N

10.

11

Press <ENTER> to retain the specified peak hour factor or enter another
peak hour factor and press <ENTER>.

Press <ENTER> if the displayed volume is the correct volume or enter
the desired volume.

Press <ENTER> and the cursor will appear in the volume field along
with the specified volume. A vaue, “[1]”, should be present in the
brackets next to the left turn volume.

Other left turn movements may be changed by following steps four
through thirteen.

Changing Left Turn Treatment to Protected Without Bays

Press the <ESC> key to return to the Main Menu.

Type <3> to edit the data in the Main Menu.

Type <2> to edit the intersection movement data in the Edit Menu. The
movement input screen should appear with the cursor at the data entry
field for the NEMA 5 movement.

Move to the volume field for the desired left turn movement and press
[F2] until the“NO-BAY” in the lower right-hand corner is highlighted.
With a non-zero value of the Minimum Phase Time coded, press the
[F3] key. Thiswill activate the ASSISTANT window with the question,
“Left Turn Protected Only?’ appearing in the upper left-hand corner.
Type<Y>.

Press <ENTER> to retain the specified volume or enter another volume
and press <ENTER>.

Press <ENTER> to retain the specified peak hour factor or enter another
peak hour factor and press <ENTER>.

Press <ENTER> if the displayed volume is the correct volume or enter
the desired volume.

Press <ENTER> and the cursor will appear in the volume field along
with the specified volume. A vaue, “[2]”, should be present in the
brackets next to the left turn volume.

Other left turn movements may be changed by following steps four
through ten.

Changing Left Turn Treatment to Protected/Per mitted Without
Bays

Press the <ESC> key to return to the Main Menu.
Type <3> to edit the data in the Main Menu.
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10.

11

N

10.

11

Type <2> to edit the intersection movement data in the Edit Menu. The
movement input screen should appear with the cursor at the data entry
field for the NEMA 5 movement.

Move to the volume field for the desired left turn movement and press
[F2] until the“NO-BAY” in the lower right-hand corner is highlighted.
With a non-zero value of the Minimum Phase Time coded, press the
[F3] key. Thiswill activate the ASSISTANT window with the question,
“Left Turn Protected Only?’ appearing in the upper left-hand corner.
Type <N>. This will cause the left turn analysis to default to the
protected/permitted (“ combined) phase.

Press <ENTER> to retain the specified volume or enter another volume
and press <ENTER>.

Press <ENTER> to retain the specified peak hour factor or enter another
peak hour factor and press <ENTER>.

Press <ENTER> if the displayed volume is the correct volume or enter
the desired volume.

Press <ENTER> and the cursor will appear in the volume field along
with the specified volume. A vaue, “[3]”, should be present in the
brackets next to the left turn volume.

Other left turn movements may be changed by following steps four
through ten.

Changing Left Turn Treatment to Permitted With Bays

Press the <ESC> key to return to the Main Menu.

Type <3> to edit the data in the Main Menu.

Type <2> to edit the intersection movement data in the Edit Menu. The
movement input screen should appear with the cursor at the data entry
field for the NEMA 5 movement.

Move to the volume field for the desired left turn movement and press
[F2] until the“BAY” in the lower right-hand corner is highlighted.

Type <0> (zero) for the volume.

Move to the data entry field for the minimum phase time and type <0>
(zero).

Return to the left turn volume field and enter the previous volume or
another desired volume.

Pressthe [F3] key. Thiswill activate the ASSISTANT window.

Enter the traffic volume.

Press <ENTER> to retain the specified volume or enter another volume
and press <ENTER>.

Press <ENTER> to retain the specified peak hour factor or enter another
peak hour factor and press <ENTER>.
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13.

14.

N

10.

11

N

Press <ENTER> if the displayed volume is the correct volume or enter
the desired volume.

Press <ENTER> and the cursor will appear in the volume field along
with the specified volume. A vaue, “[4]”, should be present in the
brackets next to the left turn volume.

Other left turn movements may be changed by following steps four
through thirteen.

Changing Left Turn Treatment to Protected With Bays

Press the <ESC> key to return to the Main Menu.

Type <3> to edit the data in the Main Menu.

Type <2> to edit the intersection movement data in the Edit Menu. The
movement input screen should appear with the cursor at the data entry
field for the NEMA 5 movement.

Move to the volume field for the desired left turn movement and press
[F2] until the“BAY” in the lower right-hand corner is highlighted.

With a non-zero value of the Minimum Phase Time coded, press the
[F3] key. Thiswill activate the ASSISTANT window with the question,
“Left Turn Protected Only?’ appearing in the upper left-hand corner.
Type<Y>.

Press <ENTER> to retain the specified volume or enter another volume
and press <ENTER>.

Press <ENTER> to retain the specified peak hour factor or enter another
peak hour factor and press <ENTER>.

Press <ENTER> if the displayed volume is the correct volume or enter
the desired volume.

Press <ENTER> and the cursor will appear in the volume field along
with the specified volume. A vaue, “[5]”, should be present in the
brackets next to the left turn volume.

Other left turn movements may be changed by following steps four
through ten.

Changing Left Turn Treatment to Protected/Per mitted With Bays

Press the <ESC> key to return to the Main Menu.

Type <3> to edit the data in the Main Menu.

Type <2> to edit the intersection movement data in the Edit Menu. The
movement input screen should appear with the cursor at the data entry
field for the NEMA 5 movement.

Move to the volume field for the desired left turn movement and press
[F2] until the“BAY” in the lower right-hand corner is highlighted.
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5. With a non-zero value of the Minimum Phase Time coded, press the
[F3] key. Thiswill activate the ASSISTANT window with the question,
“Left Turn Protected Only?’ appearing in the upper left-hand corner.

6. Type <N>. This will cause the left turn analysis to default to the
protected/permitted (* combined) phase.

7. Press <ENTER> to retain the specified volume or enter another volume
and press <ENTER>.

8. Press <ENTER> to retain the specified peak hour factor or enter another
peak hour factor and press <ENTER>.

9. Press <ENTER> if the displayed volume is the correct volume or enter

the desired volume.

10. Press <ENTER> and the cursor will appear in the volume field along
with the specified volume. A vaue, “[6]”, should be present in the
brackets next to the left turn volume.

11 Other left turn movements may be changed by following steps four
through ten.

Interval and Phase L ength

PASSER [1-90 calculates phase lengths, not interval lengths to minimize
intersection delays. Both the minimum phase times and splits calculated or
specified by or to the model include change intervals. For existing timing
simulations, the green plus amber plus all-red should be set to the existing phase
length. Rough guidelines for minimum phase time are: a) no pedestrian factor,
absolute minimum is 6-10 seconds green plus change intervals; b) if pedestrians
are a factor, but no pedestrian crossing signals are present, the minimum phase
length should be equal to the pedestrian crossing time; and c) if pedestrian signal
are present, the minimum phase length should be set to at least equal to the walk
time (4 feet/second) plus the pedestrian clearance time.

Coordination Offset

This offset is the time from a system reference point to the cycle's
beginning point for each signal controller in the system. PASSER 11-90
calculates offsets for each signal in the progression system to maximize the
progression bandwidths for the arterial. These offsets can be visualy checked
using the LEART simulation. One advantage of PASSER |1 is the ability to
simulate traffic operations using a dynamic animation. The dynamic arteria
animation system, LEART, allows users to examine traffic operations at one or
all arterial intersections simultaneously. Vehicles are shown as different colored
blocks depending on the traffic movement (left turn, right turn, through) and if
they are stopped at the intersection. Two performance measures are dynamically
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updated on the screen: PVG and DELAY. PVG is the percentage of total
vehicles passing through the intersection on a green indication and DELAY is
the average delay in seconds per vehicle when vehicles pass through the
intersection. Figure 2 shows an example of the LEART animation screen.

Figure 2. Example of the LEART Animation Screen

Embedded Data

These parameters are the study assumptions, calculation equations, and
evaluation criteria used by the program. Parameters such as pretimed or
actuated control, ideal saturation flow, analysis period, left turn sneakers, phase
lost time, unit of delay, level-of-service (LOS) delay criteria, and various model
coefficients can be changed to suit local conditions.

Phaser Data

The user can identify and define different offset reference systems to
implement the optimal timing plan.
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The program is divided into three main sections. Input, Edit, and
Output. The input menu contains paths to the regular data input, data for
phaser, and the embedded data. The edit menu alows the user to edit network
data, signal phase data, link geometry, and access to the intersection input screen
(where turning movements, saturation flows, and minimum green times are
input). The output menu allows users to access the solution evaluation menu,
and the animation program. A convenient feature of the data input screens for
intersection movements and saturation flows is the assistant function. The
assistant function prompts the user for various data and calculates flows and
saturation flow rates automatically. An example of the assistant screens for left
turns and through movements are shown in Figures 3 and 4.

Oversaturation during construction can easily occur when reducing
capacity by closing lanes, restricting turn movements, and re-routing of detoured
traffic. Volume to capacity (v/c) ratiosin excess of 1.2 can cause error messages
in PASSER [11-90. If a situation occurs where v/c ratios will exceed saturation
for any extended period of time, examine traffic control plans to determine if
additional detours or capacity can be implemented. Oversaturation may aso
exaggerate delay values reported by PASSER IlI. Usually these type delay
numbers are obvious to pinpoint for seasoned PASSER Il users. Check
estimated queue lengths and average vehicle delay to help determine
reasonableness of the reported delay numbers, especialy in situations where
alternate routes exist.

PASSER Il calculates amost all timing information needed for field
implementation. Webster's method is used to calculate recommended cycle
lengths and green splits. Travel timeis used to find optimal coordination offsets
maximizing progression bandwidths. Alternative signal phasing is analyzed to
optimize progression. Measures of effectiveness (MOEs) include arterial
progression efficiency and attainability, average speed through system, system
“maximin” cycle length, movement phase times, v/c ratios, delay
(second/vehicle), level of service, queues, stops, total intersection delays, and
minimum delay cycles. System measures of effectiveness include average
intersection delay, total system delay, total system fuel consumption, and total
system stops.
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Figure 3. Assistant Function for Left Turn Movement
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Figure 4. Assistant Function for Through Movement
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Application for Road User Cost Studies

PASSER Il may be the easiest tool to simulate and optimize isolated
signalized intersections and arterial signal systems that is freely distributed
throughout TXxDOT. This will likely be the traffic model used for construction
projects on arterials in both the rural and urban environments. The available
assistant functions provide an easy to use interface to calculate traffic volumes,
minimum green times, and saturation flow rates. MOE's are easily identifiable
with the program output and are given on both an intersection and system basis.
Although the software is intended for use as an aid in evaluating and optimizing
traffic signal operations, the RUCS user should not get “bogged down” in signal
timing output, but should concentrate on determining the minimum delay cycle
length. The total system delay determined by the software is used in the road
user cost study. Additional details can be found in the PASSER 11-90 User's
Manua (4).

PASSER I11
Application: Diamond Interchanges- solated or Systems.

PASSER 11l was developed by TTI for TxDOT to determine optimal
and evaluate signal timing plans at diamond interchanges. PASSER 111 analyzes
isolated diamond interchanges (with or without frontage roads) or progression
for a series of diamond interchanges connected by frontage roads. The program
analyzes various phasing patterns and varies the offset to minimize delay within
the interchange. PASSER 11l has a built in assistant function to calculate
saturation flow rates based on the methodology of the HCM (1).

Data input is divided into four separate entities: freeway identification
(freeway name, number of interchanges, upper and lower cycle lengths, cycle
length increment, other parameters dealing with problems having more than one
interchange), interchange and signal phasing data (cross street name, left turn
treatment, interior travel time, interior queue storage, signal phasing),
interchange movement data (volume, saturation flow, minimum green time), and
frontage road progression data (distance, speed, queue clearance time).

Comment on Data I nput Screens
Freeway Identification Screen
Input general data for interchange. Main inputs deal with cycle length

(lower cycle length, upper cycle length, cycle length increment) and progression
inputs. The minimum cycle length is the smallest cycle length the program will
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use to calculate a solution. The program will not allow the user to input a cycle
length less than 40 seconds. The upper cycle length is constrained by the lower
cycle length value as the lowest value and 150 seconds for optimization and 300
seconds for evaluation. The cycle length increment is the number of seconds
the program should use between the lower and upper cycle lengths for
optimization (five seconds is recommended). Progression options include
having the program calculate the band splits according to frontage road
volumes. If one frontage road is given priority with respect to progression, the
program allows the user to determine the relative importance of that progression
by assigning the bandwidth percentages by hand. Typically, the user would
allow the program to determine progression bandwidths.

Interchange and Sgnal Phasing Data Screen

This screen provides certain inputs for signal phasing, interchange
geometry, and operational data. Options include permitted or protected left turn
phasing options and interior travel time (Table 5).

Interior queue storage is based on the number of vehicles, by movement
(through or left), that can be stopped within the interchange without blocking
frontage road traffic. These storage amounts can be estimated by allowing one
vehicle 25' of space. Shared use lane capacity may be divided between |efts and
through vehicles.

Table 5. Interchange Interior Travel Time and Overlap as a Function
of Separation Distance Between Intersection Stop Lines

Distance (feet) Travel Time (seconds) Overlap (seconds)
67 6 4
94 7 5

125 8 6
160 9 7
200 10 8
244 11 9
288 12 10
332 13 11
376 14 12
420 15 13

Reference: PASSER 111-88 User’s Manual.

The five signal phasing options are also listed on this screen, with inputs
for internal and external offsets. Figure 5 presents a summary of the phasing
code
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descriptions used by PASSER I111. To find the most efficient operation for any
phasing type, enter a<Y> in the “Run Delay-Offset Analysis’ column. If a<N>
is coded in the “Run Delay-Offset Analysis’ column, the program will allow the
user to enter an internal offset for analysis. If applicable, the user then can
evaluate certain external offset by entering values in the “Forced ext.” column.
Data entry isnot alowed in the “Forced ext.” column for the first interchange.

Interchange Movement Data

The interchange movement data input screen allows the user to enter
volumes, saturation flows and minimum phasing lengths for each movement.
The assistant functions, accessed by pressing [F3], are very helpful to the user in
completing data input for the interchange movement data.

Volumes are entered for only those vehicles impacted by the signal
timings. Free U-turning vehicles and right-turn-on-red vehicles should not be
included in these volumes. Diamond interchange movements that must be
counted are shown in Figure 6.

Saturation flow is easily calculated using the assistant function. The
user must ensure that the input minimum green times for each side of the
interchange do not exceed the minimum cycle length input in the Freeway
Identification Screen. For optimization runs, a minimum phase time for each
movement of 10-12 seconds is typical when pedestrian traffic has pedestrian
actuation available.

Frontage Road Progression Data

For simulation/optimizations where there is more than one subject
interchange, it is necessary for the user to input frontage road information such
as link distances (stopline to stopline), speed (average desired running speed or
posted speed limit), and queue clearance times (the time in seconds that the
platoon should arrive at the intersection after the green interval has begun).

Outputs include summaries of general information and data input
(freeway, cross street names, dates, etc.), delay-offset diagrams, optimal
progression solution (optimal cycle lengths, progression speed, bandwidth,
efficiency, and attainability), frontage road progression information (phasing
sequence, internal and external offsets, A&B direction travel times), genera
signalization information (phase times, v/c ratios, delay, internal storage ratios,
phase order, internal offset, total interchange delay, and level of service), and
time-space diagrams.
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Application for Road User Cost Studies

PASSER 111 is probably the easiest tool to simulate and optimize isolated
signalized diamond interchanges and frontage road interchange systems that is
freely distributed throughout TXDOT. This will likely be the traffic model used
for construction projects at diamond interchanges in both the rural and urban
environments. The available assistant functions provide easy to use interfaces to
calculate traffic volumes, minimum phase times, and saturation flow rates.
MOE's are easly identifiable in the program output and are given on an
interchange basis. Although the software is intended for use as an aid in
evaluating and optimizing traffic signal operations, the user should not get
“bogged down” in the signal timing output, and should concentrate on
determining delay associated with the minimum delay cycle length. The total
system delay determined by the software is used in the road user cost study.
Additional details can be found in the PASSER 111 User’s Manual (5).

FREQ

Application: Freeway Modeling with or without Parallel Arterials, HOV
Benefits on Freeway Corridors (FREQ10PL), and Benefits of Ramp Metering on
Freeway Operations (FREQ10PE).

FREQ10 is a traffic simulation model suited to priority lane handling
(FREQ10PL) (HOV) or priority entry handling (ramp meters) on freeways
(FREQ10PE). FREQ was developed in 1968 and continuously improved in
response to changing traffic theory, traffic demand modeling, and ssimulation
modeling techniques. Capabilities include detailed fuel consumption and
emissions models, modal shift models, spatia shift models, optimization
models, and improved input and output capabilities. An updated model
designated as FREQ11 can be obtained from the Institute of Transportation
Studies at UCBerkeley. TxDOT has free distribution of FREQ10 Release T91,
which is sufficient for most applications of road user cost studies.

Inputs to the FREQ model include freeway design features (subsection
lengths, capacity, speed-flow curves (optional), location and capacity of ramps,
grades, number of lanes), freeway demand (time-slice specific or synthetically
generated O-D data), optional alternative route traffic flow and geometric
connections to freeway, optional HOV design specifications (FREQ10PL only),
optional ramp control specifications (FREQ10PE only), optional time dlice
specific reductions in subsection capacity for incident scenarios or roadway
maintenance (FREQ10PE only).

34




FREQ is one of the most easy to use freeway modeling tools. FREQ can
accommodate 24 time dlices, 38 subsections, and 18 origins and destinations.

FREQ outputs include traffic performance tables consisting of travel
time, delay, queue, speed, fuel and emissions (optionally) for each time dice.
Contour maps are available for up to 10 traffic performance measures.
Measures of effectiveness include: flows, densities, total vehicle-hours or travel,
vehicle noise, v/c ratios, travel times, total vehicle-miles, fuel consumption,
speeds, ramp delays, and traffic queues.

Application for Road User Cost Studies

The FREQ10PE component of FREQ should be used for freeway road
user cost applications. Road user cost studies typically do not require the use of
HOV or ramp metering capabilities of FREQ. Typical studies examine the delay
differences between geometric layouts (different number of lanes) or capacities
(due to reduced lane or shoulder widths, etc.). Be aware that the “analyze
merge” toggle can be sensitive in oversaturated conditions. The user may want
to toggle this “analyze merge’ option off when completing user cost studies.

SUMMARY

Several computerized traffic modeling tools are available to complete
road user cost studies. The most effective model for completing road user cost
studies are the traffic-based (as opposed to the economic based) models. In
summary, the following computerized traffic modeling tools are recommended
for use in road user cost studies, with their applications listed for reference. At
this time, it is not recommended that economic based models be used to
calculate road user cost.

Signalized I nter sections
PASSER 11-90 (isolated and arterial simulation/optimization)
PASSER |11 (isolated diamond interchanges and frontage road systems
simulation/ optimization)

Freeways

FREQ (freeway simulation—one freeway and urban and rural work zone
closures/scheduling)
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EXAMPLE PROBLEMS

This session of the short course concentrates on completing several
example problems, including actual user cost studies which TTI has completed.
These are not being presented in any particular order, but are structured so that
at least one example of each of the various types of projects that may require
road user cost studies is presented. These example problems will give students
the opportunity to complete a number of user cost studies and gain hands-on
experience with typical hand calculations and traffic simulation models. The
techniques illustrated are meant to provide a source of reference material to
TxDOT staff.

The examples are grouped by the analysis technique or simulation
program used. The first group of examples will use by-hand calculations to
calculate delay for a new route, a stop controlled intersection, and a detour
routing. The second group of examples will use PASSER 1l and PASSER Il to
determine delays at isolated intersections, arterial systems, and freeway
interchanges. The third group of examples will focus on using the FREQ10
freeway simulation model to estimate delay on freeway sections while the fourth
group of examples will estimate delays on freeways due to lane closures using
FREQ10.

EXAMPLE 1: ROADWAY ON NEW LOCATION-US281 ALICE
RELIEF ROUTE (calculations by hand)

This project provides for the construction of the “Alice Relief Route”, a
9.9 mile facility bypassing downtown Alice. This is a new facility on a new
location. The southern portion of the project is currently under construction and
a user cost study for the northern segment is needed. This example illustrates
using hand calculation techniques to determine road user costs. Figure 7
presents the layout of the proposed Alice Relief Route in Jim Wells County.

Step 1: Review Traffic Control Plans (TCP)
A review of the available TCP indicated minimal impacts on the existing
traffic. If the user cost study was halted at this juncture, no user costs would

have been assigned to the project. However, there will be a time savings to
traffic after the route is completed, so a very simple analysis can be performed.
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Step 2: Define Analysis Approach
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Since it was determined that there would be no calculable delays to the
existing traffic, the impact of delayed construction on the traffic projected to use
the roadway should be studied. This approach basically uses the “after” portion
of the “before and after” studies described in Session 2. The analysis can be
completed by comparing the existing travel time through downtown Alice with
that projected by using the new route.

Step 3: Data Collection

Only minimal data collection effort in the field is necessary to obtain the
required data. A sample of travel times through downtown Alice using US 281
was completed by TxDOT personnel. The traffic volume data was available
from other Department resources.

Step 4: Estimation of Road User Costs

The hand calculations are presented below. These calculations include
an estimate of the travel time for the new route, an estimate of current travel
time through downtown Alice, calculation of the delay savings (180.25 vehicle-
hours/day), and estimated daily road user cost ($2,640/day).

ASSUMPTIONS
. Roadway on New Location ? ?  No Impacts on Existing Traffic
. Traffic Volumes
Projected AADT = 5,150 veh/day (1997)
. Travel Times

New Route (Relief Route)
9.9 miles @ 60 mph = 9.9 minutes
Current Route (through downtown Alice)
12.0 minutes—-typical average trip

SAVINGS = 2.1 minutes/trip

TOTAL ESTIMATED DAILY SAVINGS
[(5,150 veh / day) x (2.1 min) x (1 hr /60 min)] = 180.25 veh-hrs / day

ROAD USER COSTS
[(180.25 veh-hrs / day) x ($14.64 / veh-hr)] = $2,640/day

Step 5: Documentation Results

It is aitical to document all data sources used in any road user cost
study. For this particular project, documentation should include the resources
for traffic projections and the results of the travel time studies completed along
the existing roadway. In addition, the current value of time (Table 2) should be
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documented in the project file as well as the CPI value used to update the value
to the more current value.

EXAMPLE 2: DETOUR ROUTING ANALYSISUSING TRAVEL TIME
DIFFERENTIAL (calculations by hand)

This example presents the calculation of additional delay due to a
detour. This detour is part of the project presented in Example 5, where a four-
lane urban arterial reconstructed to a six-lane urban freeway with frontage
roads.

Step 1: Review Traffic Control Plans (TCP)

Figure 8 presents the detour plan from the TCP. (This particular project
required 15 detours at various points during the construction. This detour
results from a bridge beam erection over westbound Holmes Road.

Step 2: Define Analysis Approach

A travel time study was necessary to determine the additional delay due
to the detour. These detours were scheduled to occur from 10:00 p.m. to 5:00
am. on weekdays, so only volumes observed during these times would be used
in the calculation of additional delay.

Step 3: Data Collection

For each detour plan, two travel times were determined: 1) existing
route; and 2) detour route. The number of repetitions of the travel time runs
depends mainly on the time of the detour. If the detour is during the late-night,
and volumes are relatively low, the travel time study can be completed during
the day when free-flow conditions are present, as was this case. However, if the
detours will be during AM or PM peak periods with significant volumes, an
alternative modeling approach may be necessary in order to capture the
additional delay to stop-controlled and signalized intersections. In addition to
the travel time information, it is necessary to complete traffic volume studies to
estimate the quantity of the detoured traffic.
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Step 4: Estimation of Road User Costs

The estimated detour travel time is subtracted from the existing route
travel time to estimate the per-trip additional delay. The per-trip additional delay
is then multiplied by the total number of vehicles which are estimated to utilize
that detour route during prescribed hours.

This detour will close the westbound Holmes road entry to westbound
US 90A. From the travel time study, the existing route (from Kirby to the US
90A merge) was found to take about 3.1 minutes to travel during free flow
conditions while the detour route travel time is estimated at 14.3 minutes. The
difference in travel time between the two routes is 11.2 minutes for each trip.
Thisisthe additional delay to each vehicle that passes through this detour.

From automatic tube counts, it was estimated that approximately 280
vehicles would be detoured from 10:00 p.m. to 5:00 am. on the average
weekday. These 280 vehicles will incur 52.3 vehicle-hours each evening that
this detour isin effect. The estimated user cost would then be calculated using
the current value of time (at the time of this study—$14.92/vehicle-hour delay).
The additional user cost due to this detour is estimated at $780 (52.3 vehicle-
hours x $14.92).

Step 5: Documentation Results

It is critical to document all data sources used in any road user cost
study. For this particular project, the documentation should include the
resources for traffic volume projections and the results of travel time studies
completed along the existing roadway and detour route. In addition, the current
value of time (Table 2) should be documented in the project file as well as the
CPI value used to update the value to a more current value.

EXAMPLE 3: INTERSECTION WIDENING (calculations by hand and
using PASSER 11)

This example illustrates completing a road user cost for part of a
roadway improvement project. This project improves a two-lane roadway with
a stop controlled intersection to a four-lane roadway with continuous two-way
left turn lane, with a traffic signal installation at the intersection. This project is
fairly typical in urban and rural districts throughout the State. The user costs
can be estimated by comparing the total intersection delay of the existing traffic
conditions at a stop controlled intersection with the post-construction condition
of capacity increase and signal installation. Delay calculation techniques as
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presented in the 1994 Highway Capacity Manual for stop controlled intersections
and the PASSER 11-90 model for signalized intersection are used for this project.
Basic geometrics and capacity information are summarized as follows.

Exigting Conditions Proposed Conditions

* one-lane each direction * two-lane approach with dedicated left-turn
lane

» 12 foot lanes 12 foot lanes

« al-way stop controlled intersection * eight phase signal operation with overlap
phasing

* protected turn lanes and phasing

Step 1: Review Traffic Control Plans (TCP)

In this case, a detailed review of the TCP is not needed to complete a
valid road user cost study. The information necessary to complete the road user
cost is given: the existing and proposed geometrics (lanes/approach, lane widths)
and signal system information.

Step 2: Define Analysis Approach

A simplistic approach of completing a “before and after” study of traffic
operations at the intersection can be completed. The before condition will use a
1994 HCM-based stop-controlled intersection analysis.  Since the after
construction condition will involve an isolated signalized intersection, the
PASSER 11-90 computer model is used to estimate intersection delays with
improved geometrics.

Step 3: Data Collection

Hourly turning movement counts are needed to be able to use the HCM
stop-controlled analysis and the PASSER 11-90 traffic signal optimization model.
For this example, there were adequate resources available to collect turning
movement count (TMC) data for the analysis. It would not be practical to
complete the TMCs for an entire 24-hour time period. However, the data should
be collected during the AM, PM, and Mid-Day traffic periods. Based upon
knowledge of traffic patterns in the area, the AM and PM peak hour volumes
were assumed to occur for three hours each on a daily basis. The Mid-Day
turning movement patterns are assumed to occur for 10 hours each day. While
this will account for 16 hours of the day; the remaining hours of the day (late
evening and early morning hours) exhibit very low traffic volumes and will not
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considerably contribute to the estimate of daily delay. For this example, the AM
peak hour turning movement count and existing and proposed geometrics are
presented by Figure 9.

1z

=Z—p

12

Figure9. Existing and Proposed Geometrics and
AM Peak Period Turning Movement Count for FM 1111 and CR 99
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Step 4: Estimation of Road User Costs

This example will require a different technique to estimate the delays
during the existing geometrics and that of the newly constructed signalized
intersection. The 1994 HCM methods were used to complete an anaysis of the
existing all-way stop controlled intersection for the AM, Mid-Day, and PM peak
hour conditions. To estimate intersection delay after construction is complete
with a signal in place, use PASSER 11-90 to calculate delays for the hours using
the same traffic volumes as used for the existing conditions.

Step 4a. Use of 1994 HCM method for determining delay at all-
way stop controlled intersections. The 1994 HCM presents a method to
calculate the estimated delay at an all-way stop controlled intersection. While
this method can be hand-calculated, it lends itself to a spreadsheet solution.
Allison Meadors of TXDOT' s Traffic Operations Division in Austin developed a
Microsoft Excel spreadsheet to solve the many calculations of this method. The
only data needed to complete this analysis is the turning movement count and a
knowledge of the number of approach lanes for each direction. Specific steps
are asfollows.

1. Open Microsoft Excel.

2. Load the file: “c:\traffic\ncm94.xls’. (NOTE: The file name could
change depending upon the setup of the computer.)

3. The two data entry entities needed for the spreadsheet are turning
movements and number of approach and opposing traffic lanes (Figure 9).
Enter the turning movement data and number of subject approach lanes and
opposing approach lanes (example: for the northbound direction, the number of
opposing approach lanesis the total number of southbound approach |anes).

4. Note the total intersection delay value as calculated at the bottom of
the spreadsheet.

Figure 10 illustrates the completed spreadsheet for the AM peak hour.
The spreadsheet should give a total intersection delay of 52.81 vehicle-hours of
delay for the AM peak period. For this analysis, the PM and Mid-Day delay
would aso be calculated by inputting the PM and Mid-Day turning movement
counts into the spreadsheet. It is recommended that the user print out and/or
save the Microsoft Excel spreadsheet file for each time period studied for
documentation purposes. The next step is to analyze AM operations after the
roadway and signal improvements are in place.
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Intersection[FM 1111 and CR 89 | Time

Step Calculation EB WB NB S8
1 LT Volume 95 85 90 25
2 TH Volume 300 270 560 610
3 RT Volume 90 95 45 100
4 PHF 1.00 1.00 1.00 1.00
5 LT Fiow Rate 95 85 90 25
6 TH flow rate 300 270 560 610
7 RT fiow rate 20 85 45 100
8 Approach flow rate 485 450 695 735
9 Proportion LT 0.20 0.19 0.13 0.03
10 Proportion RT 0.19 0.21 0.06 0.14
1 Opposing Approach WB EB sB NB
12 Conflicting Approach NB,SB NB,SB EBWB EBWB
13 Subject Approach flow 485 450 695 735
14 opp approach flow 450 485 735 695
15 confl approach flow 1430 1430 935 935
16 total int flow rate 2365 2365 2365 2365
17 prop, sub app flow 0.21 0.19 0.29 0.31
18 prop, oppos app flow 0.19 0.21 0.31 0.29
19 prop, confl app flow 0.60 0.60 0.40 0.40

20 LT, opposing app 85 95 25 90

21 RT, opposing app 95 90 100 45

22 LT confl app 115 115 180 180

23 RT cofi app 145 145 185 185

24 prop, LT opp app 0.19 0.20 0.03 0.13

25 prop, RT opp app 0.21 0.19 0.14 0.06

26 prop, LT confl app 0.08 0.08 0.19 0.19

27 prop, RT confl app 0.10 0.10 0.20 0.20
AWSC Capacity Analysis Worksheet EB WB NB SB

1 prop, sub app flow 0.21 0.19 0.2% 0.31

2 prop, oppos app flow 0.19 0.21 0.31 0.29

3 lanes on subject approach 1 1 1 1

4 lanes on opp approach 1 1 1 1—|

5 +1000x (1) 205 190 294 311

6 +700x (2) 133 144 218 206

7 +200x (3) 200 200 200 200

8 -100x (4) -100 -100 -100 -100

9 5+6+7+8 438 434 611 616

10 prop, LT opp app 0.19 0.20 0.03 0.13

11 prop, RT opp app . 0.21 0.19 0.14 0.06

12 prop, LT confl app 0.08 0.08 0.19 0.19

13 prop, RT confl app 0.10 0.10 0.20 0.20

14 -300x (10) -57 -59 -10 -39

15 +200x (11) 42 37 27 13

16 -300x(12) -24 -24 -58 -58

17 +300x(13) 30 30 59 59

18 14+15+16+17 -8 -15 19 -24

19 approach capacity 430 418 630 592  veh/hr
calculation EB WB NB s8

1 approach flow rate 485 450 695 735

2 approach capacity 430 418 630 592

3 vol/capacity ratio 1.13 1.08 1.10 124

4 avg total delay = exp(3.8 v/c) 72.59 59.52 66.15 111.76 seciveh
total delay * volume 35208.5 26783.8 459722 82143.1 seconds
[total intersection delay 52.81 | veh-hrs

Figure 10. Completed HCM Analysis of All-Way Stop Control Section

Step 4b. Use of PASSER 11-90 to estimate delay at isolated
signalized intersection. For this example, a total of three signal optimization
analyses are required (AM, Mid-Day, and PM peak periods). An example of the
PASSER Il analysis of the AM peak period conditions is outlined below. This
will compl ete the post-construction (or “after”) portion of this study.

45




1. Start PASSER Il. Enter the PASSER 11-90 program following the
instructions given by your instructor.

2. Gotothe main menu. From the information screen, press any key
to go to the main menu (Figure 11). The main menu includes severa options:
input new data, read old data, edit data, store data, print data, run PASSER |1,
read output, and quit the program.

Texas Department of Highways and Public Transportation
————— PASSER II-90 -—-
Version 1.0
-~ Main Menu --
1. Input new data.
2. Read old data from disk.
Data not loaded. Select ltems 1 or 2.
. Edit data.
Store data on disk.
Print current input data.
. Run PASSER II-90.
Go to Output Menu.

Quit.

XX -~ N N~ W

Which item do vou choose? 1

Figure1l. PASSER Il Main Menu Screen

3. Choose option 1-1nput New Data. To set up the model for this
problem, select option 1-Input New Data. The Input Menu (Figure 12) will
appear and there will be three choices: 1) Input New Traffic Data (choose to
input arterial data, movement data, and phasing data); 2) Input Embedded Data
(choose to edit program parameters); and 3) Input Phaser Data (choose to edit
the definitions of timing data).

4. Choose option #1-Input New Traffic Data. The program then
asks if you want to abandon existing data input, press <Y>. The arterial data
edit screen appears (Figure 13).
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Texas Department of Highwavs and Public Transportation
PASSER I
Vorzion 1.0
== Input Menu --
1. Input New Traffic data.
2. Inpul Embedded data,
3. Input Phaser data,

Which ttem do vou choose? (Press <ESCr for main menu.) 1HH

Figure12. PASSER Il Input Menu Screen

—=[F2] - CESCy==
PASSER 11-90 firterinl Data |
Run Number : S City Hame . Anymhere, TH
Humber of Intersections ; 1 Arterial Mame ; FH 1111
Diztrict Humber ) Date ¢ 0681798
Lower Cycle Length | 60 | Movement B2 "A" Direction . 3
| Upper Cycle Lenath : 60 e e e
| 1 = Korth 3 = East @ = None
Cyele Increment : ] 2 = Boulh 4 = He=t
Oolput Level @ @ Isolated Operation
0= Dutput ALL Pages | I i I |
1 = Error Exit - Cover & Error Pages i [ (il | I
2 = Less Input Data Fcho | | | i
3 = Less Input Echo and Best Soln | | i fill
4 = Simple - Cover, Pin Sel, 1/8 | TR
5 = Debug - A1l Pages, Variahles | | |
Best Solution Fermat | O = PASSER 1T 1 | | I ‘
(0o 1 + 8 1 = ARP P2 il _.

Figure 13. PASSER Il Arterial Data Screen

5. Edit Arterial Data. PASSER Il then asks for general information
such as run number (enter <1>), city name (enter <Anywhere, TX>), number of
intersections (enter <1>), arterial name (enter <FM 1111>), district number
(enter <0>), and date (enter today’s date). Refer to Figure 13 for the correct
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inputs for this example. Press <ENTER> to move between fields. After
entering the general data, enter a beginning cycle length of 60 seconds. For
isolated intersection simulation (when number of intersections input = 1) the
program does not allow for a range of cycle lengths to be simulated. The
program will run with this cycle length and determine a “best” cycle length that
can be re-input after the initial simulation. Enter a Movement #2 direction of
<3> (for an easterly direction). Thiswill match our turning movement layout in
Figure 9. The output level input allows the user to specify the amount of output
available, for this example leave at zero (to output al information). The
program also allows the user to specify between the PASSER Il best solution or
the AAP P2 best solution. Select zero, the PASSER Il best solution, BUT DO
NOT PRESS ENTER. Figure 13 indicates how this screen should appear.
Press <ENTER>. The screen will now ask for the name of cross street #1 (in
our case, enter CR 99) and press <ENTER>. The program automatically moves
directly to the Vehicle Movement data edit screen (Figure 14) and asks if any
data needs modification. Enter <Y>.

STREET NAME CR 99 NEMA VEHICLE MOVEMENT  INTERSECTION 1

b 7151 -
YOLUMES 8 0 N
SAT FLO 0 0
MIN PHS 0
“ /1 \ VOLUMES 0
VOLUMES _ @ Ly A r SAT FLO 0
) SAT FLO 0 \ HIN PHS 06
S5{5] MIN PHS %} 7 < ARTERIAL NAME
/ FM 1111
> / VOLUMES 0 1151
2 YOLUMES 0\ L SAT FLO 8
SAT FLO 0 4 MIN PHS 0
HIN PHS 0 ro A
\ |/ " Command Keys
mors ¢l 2 [
ANT BAY NO-
MIN PHS ] 0 oY
3IS]
| <ESC>
v EXIT

Figure 14. PASSER Il Vehicle Movement Screen

6. Edit Arterial Movement Data. When the intersection movement
screen appears (Figure 14), the cursor is flashing on the eastbound left turn
volume (note north arrow in upper right corner of screen). The left turn phasing
will be protected only. To toggle a left turn protected only, use the scroll down
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arrow to go to the minimum phase for the eastbound left turn and enter <7>
seconds. Scroll back up to the eastbound left turn volume input and press the
[F3] key. This brings up the assistant function. (There are three assistant
functionsin PASSER II: the volume assistant, the saturation flow assistant, and
the minimum green assistant.) The assistant is asking if the left turn should be
permissive. Enter <N> since we want protected only. The assistant then asks if
left turns are protected only. Type in a <Y> for yes. Enter the eastbound left
turn volume from Figure 9 (95 vehicles). The assistant then prompts the user
for a peak hour factor and has a default value of 1.00 shown. Press <ENTER>
to accept this value. The program confirms the left turn volume as 95 vehicles.
Press <ENTER> twice to remove the assistant function.

Use the down scroll key to move the cursor to the eastbound left turn
saturation flow rate (1,805 vphg shown). The left turn bay has one lane, 12’
wide (Figure 9). Press [F3] to invoke the saturation flow rate assistant. The
program asks for the ideal saturation flow (1,900 vphg). Accept this value by
pressing the <ENTER> key. The assistant will then prompt the user for alist of
values such as peak hour factor, lane width, etc. Check to insure that all of
these values are appropriate for this example. If you have any questions about
these values, ask your instructor. The program calculates a saturation flow of
1,805 vphg and the minimum phase length should remain seven seconds. Note
that left of the minimum phase time for the eastbound left turn movement is the
numbers: 5[5]. The first 5 is the NEMA movement number for the eastbound
left turn and the 5 in brackets is the PASSER Il notation for |eft turn protected
with left turn bay operation. See the short discussion on PASSER |1 for other
left turn phasing options and notations.

Again, press the <ENTER> key to move the cursor to the eastbound
through volume. Press the [F3] key to prompt the assistant function. Enter
through traffic (300 vehicles) and right turn traffic (90 vehicles). The assistant
will total the throughs and right turns for a total of 390 vehicles. Follow the
assistant instructions until the cursor is on the through and right turn saturation
flow rate (1,800 vphg is now shown). From Figure 9, we see that there are two
12-foot wide lanes on this approach. Press the [F3] key to activate the assistant
and follow the prompts, entering two lanes and 12 feet for the average lane
width. All other values remain the same (the saturation flow for the eastbound
through and right should be 3,494 vphg).

The minimum phase length must now be calculated. While seven
seconds was used for the protected left turn movement (a typical length), the
minimum phase length for the through and right turn phase should be based on
pedestrian walk time, if appropriate. For our example a minimum phase time
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will be calculated for pedestrians. Place the cursor on the minimum phase
length for the through and right turn movement. Press the [F3] key to bring up
the assistant. The assistant asks for the pedestrian “walk” time, and walking
pace. The default of four feet/second is acceptable for both. The assistant will
then ask for the pedestrian walk distance, which in our example is 60 feet (five
lanes x 12/lane). The assistant asks for half of the lane distance, which is six
feet. The assistant has calculated a minimum phase length of 17 seconds for this
movement.

Follow the same steps to enter and cal culate the volumes and saturation
flow rates for the other three approaches. Figure 15 shows what the vehicle
movement screen should look like once al volumes and saturation flow rates
have been input. If all values on your screen do not match, ask your instructor
for assistance. The program asks if any data needs modification again, if al
values match Figure 15, enter <N>, otherwise enter <Y> and correct the input
data.

STREET NAME CR 99 NEMA VEHICLE MOVEMENT  INTERSECTION 1

A 7051 -
YOLUMES 710 25 N
SAT FLO 3543 1805
MIN PHS 17 1
/N VOLUMES 365
YOLUMES 95 Ly 4 r SAT FLO 3478
SAT FLO 1885 \ MIN PHS 17 6
o[9]1 MIN PHS 7 1 < ARTERIAL NAME
/> / YOLUMES 85 1[5? 1
2 gg%UEES 323? \J L SAT FLO 1885
MIN P
MIN PHS 17 r " i !
A\ |/ Command Keys
VYOLUMES 90 605 [F31
SAT FLO 1865 3579 ASSISTANT
MIN PHS 7 17
3051 8 -
<@> <ESC>
v EXIT

Figure 15. PASSER Il Vehicle Movement Data Screen
Completed for Example 3

7. Edit Signal Phasing Data. After input of the turning movement and
saturation flows, the program then proceeds to the signal phasing data input
screen (Figure 16). PASSER |1 will alow you to select four possible phasing
patterns for the arterial and only one for the cross street. The cursor should be

50




[F2]1—IF31

Phasing Patterns Entry

\ESC)”—"

Arterial Name :
Cross Street

FM 1111
: CR 99

Arterial

Intersection Number : 1

Cross Street

Dual Lefts Leading with overlap

Dual Lefts Leading without overlap
Throughs First with overlap

Throughs First without overlap

Left Turn # 1 Leading with overlap
Left Turn # 1 Leading without overlap
Left Turn # 5 Leading with overlap
Left Turn # 5 Leading without overlap
Special Phasing Selection

Select whlch Phasing Patterns are needed. <CR> to select, and <ESC> to exit.
phaslng selected, "-" = not selected, "3" = not possible.

Note that ‘'with overlap” and “without overlap are mutually exclusive.

Figure 16. PASSER Il Phasing Pattern Data Screen

leading, press <ENTER> to toggle a <Y>, which will appear. Scroll down to
choose the phasing selections with overlaps to minimize delays. The cross street
phasing must be chosen using engineering judgment because PASSER Il only
allows one cross street phasing selection.  While any of these phasing patterns
could be chosen, the dual left turns leading with overlap is chosen. Figure 17
shows the phasing pattern screen after the phasing patterns have been toggled
for analysis. If the analyst is unsure of the optimal cross street phasing pattern,
the model may be rerun using each of the possible choices and choosing the
phasing pattern resulting in the lowest delay. Press <ESC> twice to return to the
Main Menu. All necessary geometric, volume, and signal phasing information
has been entered and the PASSER program is ready for execution.

—[F21—I[F31

Phasing Patterns Entry

<ESC>—

Arterial Name
Cross Street

: FM 1111
99

: CR

Intersection Number : 1

Arterial

Cross

Street

Dual Lefts Leading with overlap

Dual Lefts Leading without overlap
Throughs First with overlap

Throughs First without overlap

Left Turn # 3 Leading with overlap
Left Turn # 3 Leading without overlap
Left Turn # 7 Leading with overlap
Left Turn # 7 Leading without overlap
Special Phasing Selection

-<

1T €1 -Cct <<

[ I T T A T R IR I 2

Select which Phasing Patterns are needed.
= pha31nJ selected, "-" =

<CR> to select,
“z" = not possible.

not selected,

"y
Note that °

‘with overlap” and "without overlap

and <ESC> to exit.

are mutually exclusive.

Figure 17. Phasing Pattern Data Screen Completed for Example 3
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8. Save input file. Save the file first using option #4 on the main
menul.

9. Run PASSER II. After designating a subdirectory (use <C:\p2\>)
and filename (for this example enter <ex3sigam.dat>, choose option #6 on the
main menu to run the program. After running PASSER Il will display the
output menu (Figure 18). While each of the output choices have important
information, option #5—measures of effectiveness, will summarize the total
system delay (in vehicle-hours). Figure 19 shows the arterial system
performance output. The total system delay number (11.6 vehicle-hours/hour)
will be used, along with the total system delay for the pre-construction
simulation (52.8 vehicle-hours), to calculate the additional user delay due to
construction.

Version 1.0

— Output Menu --
View Input Echo.
View Error Message.
View Best Solution.
View Arterial Summary.
View Measures of Effectiveness.
View Pin Setting.

View Time/Space Diagram.

0 O N S~ W N s

Print Hardcopy.
9. Leart Simulation.

Intor choice or ¢FSC> to return to Main Menu : 189

Figure 18. PASSER Il Output Menu Screen

The additional delay due to construction for the AM period is 41.2
vehicle-hours/hour (52.8-11.6). This value would be used with the PM and
Mid-Day values to determine a daily road user cost. This daily road user cost is
determined after review of the 24 hour tube counts.

Step 5: Documentation Results
For this example, the critical elements to include in the project file are
the turning movement counts, the all-way stop control intersection anaysis

spreadsheet, and the printouts of the PASSER Il analyses. Most of the
assumptions utilized to execute the software will be included on the printouts.
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{ART.MOE)
TEXAS DEPARTMENT OF HIGHYAYS AND PUBLIC TRANSPORTATION
PASSER II-90 MULTIPHASE ARTERIAL PROGRESSION - 145161 VER 1.8 DEC 9@

»xxx TOTAL ARTERIAL SYSTEM PERFORMANCE s

Anywhere, TX FM 1111 DISTRICT 85/31/98 RUN NO. 1
CYCLE LENGTH = 58 SECS BAND A = 23 SECS BAND B = 23 SECS
AVERAGE PROGRESSION SPEED - BAND A = 0 MPH BAND B = @ MPH

EFFICIENCY AND ATTAINABILITY NOT AVAILABLE
AVERAGE INTERSECTION DELRY TOTAL SYSTEM DELAY TOTAL NggEER VEHICLES

17.7 SECS/VEH 11.6 VEH-HR/HR
TOTAL SYSTEM FUEL CONSUMPTION TOTAL_SYSTEM STOPS MAXIMIN CYCLE
20.47 GAL/HR 2217. STOPS 50 SECS

Press any key to return to menu.lll

Figure 19. PASSER II Measures of Effectiveness Screen for Example 3

EXAMPLE 4. WIDEN AND RECONSTRUCT URBAN ARTERIAL-US
90A FROM KIRBY TO 1-610 (HARRIS COUNTY)

This project will widen and reconstruct US 90A (Main Street) from
Kirby Drive to the diamond interchange at 1-610. The roadway is an existing
four- and six-lane urban arterial that will be widened to a six- and ten-lane
divided curb and gutter arterial. The 95 percent complete traffic control plan
was available. No lane closures will be permitted from 6:00 am. to 9:00 am.
inbound (northbound) and from 3:00 p.m. to 7:00 p.m. outbound (southbound).
At 1-610, no lane closures will be allowed for any approach from 6:00 am. to
9:00 am. and from 3:00 p.m. to 7:00 p.m. Figure 20 shows the project location
and general layout. Phase 1 during the PM peak hour will be studied as the
example for this project.

Step 1: Review Traffic Control Plan (TCP)

Several particular items of importance were indicated by a thorough
review of the traffic control plan. There are several signalized intersections (six
arterials, one diamond interchange) of varying cross-sections and lane and
shoulder widths. The evaluator should note the geometric configurations of all
signalized intersections for each construction phase. A diagram of the study area
with intersection geometry for each construction phase should be completed to
allow for a better understanding of the overall picture of the project. The
diagram for Phase 1 and post construction are illustrated by Figure 21.
Although
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this project has five distinct phases, the signal operations for the PM peak of

Phase 1 will be presented as an example.
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Figure 20. Project Layout for Example 4
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Step 2: Define Analysis Approach

The basic study section is a single arterial with four-leg intersections,
with three exceptions: the diamond interchange at US 90A and 1-610, the
intersection of Kirby and OST, and the intersection of OST and US 90A (a
three-legged intersection). Because of the proximity of the diamond interchange
with the Buffalo Speedway intersection, the relatively minor contribution to
additional delay expected at the OST and Kirby intersection, and the arterial
nature of the overall problem, PASSER Il is the analysis tool chosen for this
study. The diamond interchange could have been studied individually using
PASSER I11, but treating each side as one intersection is adequate for these type
studies. It also simplified the evaluation process by using a single computer
model. Using PASSER II, determine the optimal signal timings for each
construction phase and the final configuration.

Step 3: Data Collection

Ideally, extensive traffic volume studies should be completed at each
signalized intersection in the study corridor. Due to limited resources of time
and equipment available, automated tube counts are placed at only strategic
locations throughout the study area (Figure 22). Fifteen minute manual turning
movement counts are completed at each signalized intersection for the AM, Mid-
Day, and PM peak periods. Thirty minute manual turning movement counts are
completed at the diamond interchange during the same time periods. Other data,
including speeds and signal phasing, may be observed in the field while
intersection spacing may be obtained from the TCP.

Step 4: Data Reduction

As with many projects, the time available for these studies is sometimes
limited by review and letting schedules. Because of these time constraints,
analysts often must limit data collection times to maximize the number of counts
given a limited data collection staff. In this case, 15 minute turning movement
counts were collected. While two hour counts may be better, the 15 minute
counts can be checked against the tube approach counts to determine an
appropriate hourly turning movement count for each analysis period. In these
cases, engineering judgment is used to assign turning movement volumes used
in the analysis. Once turning movements have been developed from the tube
and manual counts, the PASSER 11 optimizations could be completed. The PM
peak hour volumes used for this study are illustrated by Figure 23.
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Figure 22. Tube Count L ocations
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Step 5: Computer Smulation/Optimization Analysis

Input data into PASSER 11 for each construction phase (five in al) for
each time period (three time periods:. AM , Mid-Day and PM) for a total of 15
PASSER |l optimizations. Input data into PASSER 1l for the final geometric
condition is also necessary to estimate the delay after the construction is
complete. Summarize system delay for each simulation and determine the delay
difference between each construction phase and the final geometry condition.
And finaly, calculate the estimated road user cost (by summation of AM, Mid-
Day, and PM period additiona delay values multiplied by appropriate
multipliers to obtain a daily total) based on the current value of time.

It is now necessary to complete Phase 1 and post-construction
simulation/optimization for the PM period. This example file has been setup
with al volumes and saturation flow rates entered for all intersections except
Kirby at South Main. The data input and run PASSER Il to determine the delay
for the PM period for Phase 1 will be completed for this example.

1. Start PASSER Il. Enter the PASSER 11-90 program following the
instructions given by the instructor. Go to the main menu (Figure 24) and
choose option 2—ead old data from disk. The program will ask you for a
subdirectory and filename. Choose the file ex5pl.dat. The file will load and
return to the main menu screen.

Version 1.0
~- Main Menu --
1. Input new data.
Read old data from disk.
- D:\P2AEKSP1.DAT loaded.
Edit data.

N

Store data on disk.

Print current input data.
Run PASSER II-98.

Go to Output Menu.

. Quit.

Whirh ilem do vou choose? 288

(= "2 T 2 B . N 4 |

Figure 24. PASSER Il Main Menu Screen
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2. Edit arterial data.

From the main menu, choose option 3—edit data.

Once in the edit menu (Figure 25), choose option 1—edit arterial data. The

arterial data screen (Figure

26) alows the user to input general project

information, cycle length ranges for analysis, direction designation for
movement 2, output options, and progression options. All this information was
previously set up on the data file and nothing needs to be changed on this
screen. Press <ESC> to go back to the edit menu.

Texas Department of Highways and Public Transportation

Version 1.0

-- Edit Menu --
. Edit arterial data.
Edit intersection movement data.
Edit intersection phasing data.
Simulate existing timing.
Edit arterial geometry data.
Add intersection.

Delete intersection.

QR ~J AN N W N e

. Change cross street name.

Which item do vou choose? (Press <ESC> fer¥ﬂ§jn menu. ) 1Eﬁ

Figure25. PASSER Il Edit Menu

Cycle Increment : )

~[F2] ESC>=
: PASSER II-90 Arterial Data
Run Number 0 City Name : Houston
Number of Intersections : 7 Arterial Name : South Main / US90a
District Number 12 Date . 04/23/98
Lower Cycle Length : 80 | T/S Scales Movement #2 "A" Direction : 1

Upper Cycle Length : 118 |

K. 30 1 = North 3 = East @ = None
Y : 1000 2 = South A Hest

Output Level : @

Progression Options

= Qutput A1l Pages

= Less Input Data Echo

N~ ON— D

non

= Error Exit - Cover & Error Pages Speed Variation (Y/N) : N

= Less Input Echo and Best Soln Minimum “A" Band Split : @ %
Simple - Cover, Pin.Set. T/S [0}
Debug - All Pages, Variables

Progression Band

Two-Hay Volume Helghted
Orie~ Hav Progression in "B”

Best Solution Format
0 or 1) :

Q=
1=

2-97 - Min "A" Direction Split
PRSSER 11 - 98 = (ne- Way Street Option
AAP P2 99 = One-tlay Progress1on in "g"

A T L OO TT s

* w owe .

Flgure 26. PASSER 11 Arterlal Ed|t Screen Completed for Example4
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3. Edit arterial movement data. At the edit menu, choose option 2—
edit intersection movements. This brings up alist of seven intersections. Scroll
down and choose 7—Kirby. The intersection movement screen appears (Figure
27) and the cursor is flashing on the northbound left turn volume. The
minimum phase lengths have aready been input. Press the [F3] key. This
brings up the assistant function. There are three assistant functions in PASSER
Il: the volume assistant, the saturation flow assistant, and the minimum green
assistant. The assistant is asking if the left turn should be protected. Typein a
<Y> for yes. Enter the northbound left-turn volume from Figure 23 at the Kirby
intersection (50 vehicles). The assistant then prompts the user for a peak hour
factor and has a default value of 1.00 shown. Press <ENTER> to accept this
value. The program confirms the left turn volume as 50 vehicles. Press
<ENTER> twice to remove the assistant function.

STREET NAME Kirby NEMA VEHICLE MOVEMENT  INTERSECTION 7
4 51
VOLUMES %} 0 N >
SAT FLO 0 0
MIN PHS 18 7
‘w_——4==”===J /1N = VOLUMES ¢}
! VOLUMES 0 Ly ! r SAT FLO 6
: SAT FLO 8 \ MIN PHS 15 6
5051 MIN PHS 1 1 Qo e e ARTERIAL NAME
! B —rmeeeeeee—————- - §outh Main / U$90a
: ———> / VOLUMES 0 1151
2 VOLUMES 0\ L SAT FLO 9
SAT FLO 0 R MIN PHS 1
MIN PHS 15 S I sm——
\ |/ “ Command Keys
VOLUMES  © [F3] (F21 |
SAT FLO 0 0 ASSISTANT BAY NO-BAY
MIN PHS 7 10
351 8 -
1> <ESC>
v

EXIT

Figure27. PASSER Il Vehicle Movement Data Screen

Use the down scroll key to move the cursor to the northbound left turn
saturation flow rate (1,805 vphg shown). From Figure 21, the left turn bay has
one lane, 11’ wide. Press[F3] to bring up the saturation flow rate assistant. The
program asks for the ideal saturation flow (1900 vphg). Accept this value by
pressing the <ENTER> key. The assistant will prompt the user for a list of
values, accept the default values for all questions except for the number of lanes
(enter 1), and the average lane width (enter 11). The program calculates a
saturation flow of 1,746 vphg. The minimum phase length has been set to seven
seconds.
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Press the <ENTER> key again to move the cursor to the northbound
through volume. Press the [F3] key to prompt the assistant function. Enter
through traffic (370 vehicle) and right turn traffic (80 vehicle). The assistant
will total the throughs and right turns for a total of 450 vehicles. Follow the
assistant instructions until the cursor is on the through and right turn saturation
flow rate (1,800 vphg is now shown). From Figure 21, we see that there are two
eleven foot wide lanes on this approach. Press the [F3] key to activate the
assistant and follow the prompts, entering two lanes and 11 feet for the average
lane width. All other values remain the same. Follow the same steps to enter
and calculate the volumes and saturation flow rates for the other three
approaches.  Figure 28 shows what the screen should look like once all
volumes and saturation flow rates have been input. If any of the inputs on your
screen do not match those shown on Figure 28, please ask your instructor for
assistance. The program will then take you back to the list of cross streets, press
the <ESC> key to return to the edit menu.

STREET NRAME Kirby NEMA VEHICLE MOVEMENT  INTERSECTION 7
4 7151
VOLUMES 830 59 N ->
SAT FLO 3321 1686
MIN PHS 10 7
S——— /1 A\ VYOLUMES 1140
VOLUMES 58 Ly A r SAT FLO 3337
SAT FLO 1746 \ MIN PHS 15 6
5051 MIN PHS 7 1 < ARTERIAL NAME
—_— South Main / US90a
. > / VOLUMES 100 1[51
2 VOLUMES 450 \ L SAT FLO 1686
SAT FLO 3487 4 MIN PHS 7
MIN PHS 15 - r 79
\ |/ Command Keys
VOLUMES 150 670 [F3] [F21
SAT FLO 1686 3351 ASSISTANT BAY NO-BAY
MIN PHS 1 8 10 .
i> <ESC>
v EXIT

Figure28. PASSER Il Vehicle Movement Screen Completed for Example
4

4. Edit signal phasing. Once back to the edit menu, the phase
sequences which PASSER 11 is to optimize for at the Kirby intersection need to
be entered. Choose the third option, edit intersection phasing data. A list of
intersections is shown. Choose intersection 7-Kirby. PASSER Il will alow the
selection of four possible phasing patterns for the arterial and only one for the
cross street.  Figure 29 shows the phasing pattern screen with no inputs. The
cursor should be on the arterial dual lefts with overlap. Press <ENTER> to
toggle a<Y>, which will appear. Next, choose the four phasing selections with
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overlaps to minimize delays. The cross street phasing must be chosen using
engineering judgment as PASSER Il only allows one cross street phasing
selection. While any of these phasing patterns can be chosen, the left turn three
leading with overlap is selected since there are three times as many left turns
while the through volumes are similar. Figure 30 shows the phasing pattern

screen after phasing patterns have been toggled for analysis.

If the analyst is

unsure of the optimal phasing, the model may be rerun using each of the
possible choices and choosing the phasing resulting in the lowest delay. Press

<ESC> twice to return to the edit menu.

—I[F21—IF3]

<ESC>—

Phasing Patterns Entry

Cross Street

Arterial Name :

South
: Kirby

Intersection Number : 7

Main / US90a

Arterial

Cross

Street

Dual Lefts Leading with overlap

Dual Lefts Leading without overlap
Throughs First with overlap

Throughs First without overlap

Left Turn # 3 Leading with overlap
Left Turn # 3 Leading without overlap
Left Turn # 7 Leading with overlap
Left Turn # 7 Leading without overlap

Special Phasing Selection

LI S I Y 2 T T I A |

Select Uhth Phasing Patterns are needcd
pha51ng selected, "-
Note that ‘'with overlap™ and '

<CR> to select, and <ESC> to exit.
"=" = not possible.
are mutually exclusive.

= not selected,
"without OVPrlaD

Figure29. PASSER Il Phasing Pattern Input Screen

—[F21—I[F3]
Phasing Patterns Entry

<KESC>—

Arterial Name : South Main / US90a

Intersection Number : 7

Cross Street

. Kirby

Arterial

Cross Street

Dual Lefts Leading with overlap

Dual Lefts Leading without overlap
Throughs First with overlap

Throughs First without overlap

Left Turn # 1 Leading with overlap
Left Turn # 1 Leading without overlap
Left Turn # 5 Leading with overlap,
Left Turn # 5 Leading without overlap
Special Phasing Selection

¥

I € -C| <

LI A S I S S I I |

So]u(i whluh PhdSIHQ Patterns are needed.
“Y" = phasing selected,
Note that *

<CR> to select.
= not selected, ”
‘with overlap” and "without overlap”

and <ESC> {o exit.
2" = not possible.
are mutually exclusive.

Figure 30. PASSER |l Phasing Pattern Screen Completed for Example 4
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5. Edit arterial geometry data. At the edit menu, choose selection 5,
arterial geometry data. The values necessary for this simulation are aready
input, but this where progression speeds and distances between intersections are
input. Figure 31 shows the arterial geometry data screen. Press <ESC> twice to
take you back to the main menu. Thefileis complete and ready to run.

[F2] <ESC>—
[_ South Main / US98a Arterial Link Geometry 7 Intersections
“A” Queue Speed Distance Distance Speed  Queue "B
Link Clear (MPH) (FT (FT) (MPH)  Clear Link
1- 2 35 360 300 35 4] 2-1
2- 3 0 35 800 800 35 1} 3-2
3- 4 0 35 1100 1100 35 0 4- 3
4- 5 0 35 1300 1300 35 0 5- 4
i 9-6 0 35 2500 2500 35 0 6- 5
| 6- 7 0 35 1600 1660 35 [0} 7- 6

From : IH610 SFR To : TH61@ NFR

Figure31. PASSER Il Arterial Geometry Data Input Screen

6. Saveinput file. Savethefile using option 4 on the main menu.

7. Run PASSER Il. After designating a subdirectory (c:\p2\data) and
filename (ex5pl.dat), choose option 6 on the main menu to run the program.
After running PASSER 11 will display the output menu (Figure 32). While each
of the output choices have important information, option 5-measures of
effectiveness will summarize the total system delay (in vehicle-hours). Figure 33
shows the arterial system performance output. The total system delay number
(126.3 vehicle-hours/hour) will be used, along with the total system delay for the
post construction simulation, to calculate the additional user delay due to Phase
1 of construction.

8. Run PASSER I1 for post construction. Another file, ex5post.dat,
is the post construction conditions file. Select this file and run in PASSER 1.
The total system delay post construction will be 83.8 vehicle-hour/hour (Figure
34).

The additional delay due to construction for the PM period during Phase
1is42.5 vehicle-hour/hour (126.3-83.8). This value would be used with the AM
and Mid-Day values to determine a daily road user cost. This daily road user
cost is determined after review of the 24-hour tube counts.
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Texas Department of Highways and Public Transportation
_____ Versign 1F0 "0
-- Output Menu --
. View Input Echo.
View Error Message.
. View Best Solution.
. View fArterial Summary.
View Measures of Effectiveness.
. View Pin Setting.

View Time/Space Diagram.

W NN N S~ W N e

Print Hardcopy.
9. Leart Simulation.

Totor chnice nr TSP Ho retorn tn Hain Mony - 18%

Figure 32. PASSER Il Output Menu Screen

(ART . MOE)
EXAS DEPARTHMENT OF HIGHWAYS AND PUBLIC TRANSPORTATION
PASSER II—QB MULTIPHASE ARTERIAL PROGRESSION - 145181 VER 1.0 DEC 90

_ wxxx TOTAL ARTERIAL SYSTEM PERFORMANCE wwwx
Houston South Main / US98a DISTRICT 12 04/23/98 RUN NO. 9

CYCLE LENGTH = 95 SLCS BAND A = 31 SCCS BAND B 49 SECS
AVERAGE. PROGRESSION SPEED - BAND A = 35 MPH BAND B 35 MPH

.38 EFFICIENCY 1.80 ATTAINABILITY
AVERAGE INTERSECTION DELAY TOTAL SYSTEM DELRY TOTAL ggg?gﬂ VEHICLES

[}

28.5 SECS/VEH 126.3 VEH-HR/HR
TUTAL SYSTEM FUEL CUNSUMPTION TOTHL SYSTEM STOPS MIAKIMIN CYCLE
335.47 GAl /HR 15891. STOPS 99 SECS
Palyy for forward. o Polly for back. orr <ESC> to return 1o menu: BB

Figure 33. PASSER Il Measures of Effectivenessfor Phase |, PM
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(ART.MOE)
TEXAS DEPARTMENT OF HIGHWAYS AND PUBLIC TRANSPORTATION
PASSER I1I-90 MULTIPHASE ARTERIAL PROGRESSION - 145101 VER 1.8 DEC 90

=xx» TOTAL ARTERIAL SYSTEM PERFORMANCE sx»»
Houston South Main / US90a DISTRICT 12 04/23/98 RUN NO. 8

CYCLE 1TNGTH = 70 SECS BAND A ~ 17 SECS  BAND B = 24 SECS
AVCRAGE PROGRCSSION SPLLD - BAND A = 05 MPHI BAND B = 35 MPI

.30 EFFICIENCY 1.80 ATIALNABILLITY

AVERAGE INTERSECTION DELRY TOTAL SYSTEM DELAY TOTAL NUMBER VEHICLES
3.7 SECS/VEH 83.8 VEH-HR/HR 21980,

TUIL sYSHEM FUEL COMSUME T LUN TOTOL SYSILM STUPS HIKIMLN UYCLE
297.73 GRILZUR 14351, STOPS 70 SICS

Prosc any key Lo return Lo menu %

”Figure 34. PASSER |l Measures of Effectiveness for Post Construction

Step 6: Document Results

In a short technical memorandum, document the following: construction
sequencing, modeling techniques, traffic demands (with counts included at the
end of the memorandum, if necessary), delay results (report vehicle-hours of
delay for each time period and construction phase), the current value of time,
and the summary of estimated road user cost for each construction phase.

EXAMPLE 5: BUILD SIX MAINLANES AND TWO 2-LANE
FRONTAGE ROADS WHERE A FOUR-LANE ARTERIAL NOW
EXISTS-US 90A FROM SOUTH OF 1-610 TO HIRAM CLARKE
(HARRIS COUNTY)

This project consists of building six freeway mainlanes and two 2-lane
discontinuous frontage roads. A rail line runs through the project limits. Within
the study section, the existing roadway is a four lane divided urban/rural arterial
with an elevated section over the railroad and two signalized intersections. The
95 percent complete traffic control plan was provided along with the plan and
profile sheets. The detours and lane closures will only be alowed during non-
peak hours: 10:00 p.m. Sunday night to 5:00 am. Friday morning, and from
10:00 p.m. Friday night to 9:00 am. Sunday morning. This analysis would
involve determining the levels of additional congestion due to street closures,
detours, or capacity reductions due to construction.
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Step 1: Review Traffic Control Plan (TCP)

This particular project had 15 individual phases (or steps) and 14
separate detour operations. Road user costs were calculated for each phase and
detour. There are two existing signalized intersections in the study area. One,
one-way stop controlled intersection (Stella Link) currently exists but will
become signalized a project completion. The two existing signalized
intersections will be reconfigured to diamond interchanges. It is recommended
that the evaluator draw a diagram of the study area configuration (intersection
layouts) for each phase of the project. Thisis critical for projects similar to this
where many different phases are involved.

Step 2: Define Analysis Approach

The existing signalized intersections are isolated in operation and are
analyzed as isolated intersections during construction using PASSER 1. During
the later phases, the two intersections changed to diamond interchanges
(Willowbend and Hiram Clarke) are analyzed with PASSER III. Traffic
volumes at these intersections are reduced for the post-construction analysis
because of the traffic diversion to the new freeway. The detours are typically at
night (10:00 p.m.-5:00 am.) and exist over awide area. Computer simulation of
the detours is probably not the most efficient and timely solution. As a result,
several travel time studies were completed to determine the additional time
needed by drivers to traverse those detours and manual calculations similar to
that completed in Example 2 were used.

Step 3: Data Collection

Seventeen automatic tube counters were placed in the field for a week.
Two-hour manual turning movement counts were completed at the three
signalized intersections (US 90A at Willowbend, Stella Link, and Hiram Clarke).
Figure 35 presents the location of the automated tube counts.

Step 4: Data Reduction

The tube counts and manual turning movement counts were combined
to develop a turning movement diagram for each study intersection for the AM,
Mid-Day, and PM peak hour. Engineering judgment must be used to ensure that
the turning movement and automatic tube counts are reasonable and reliable.
After examination of the automatic tube counts and turning movement counts, it
was assumed that a majority of motorist delay during construction will be due to
delay at signalized intersections.
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Figure 35. Layout of Tube Countsfor Example 5
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While adelay value for each intersection will be found for the AM, Mid-
Day, and PM periods, these values must be used to find an approximate daily
road user cost. This is done by examining the hourly tube counts and
determining appropriate multipliers for each time period that will best
approximate the daily user cost (Figures 36 and 37). For this situation, the
“volume” counts as measured west of Hiram Clarke are used to identify how
long atime period occurs. The AM peak direction is eastbound. The eastbound
count shows that the AM multiplier should probably be two, since volumes
from 7:00 am.-9:00 am. are much higher than those before 7:00 am. and after
9:00 am. The PM peak direction is westbound and the westbound count shows
that volumes begin increasing at 3:00 p.m. and begin to significantly decrease
after 7:00 p.m. The multiplier in the PM should probably be two (more
conservative) or three. Over those four hours between 3:00 p.m. and 7:00 p.m.,
it is assumed that two times the peak hour delay could represent the overall
delay between 3:00 p.m. and 7:00 p.m. The remainder of the daily delay uses
the Mid-Day delay vaue times the remaining number of hours believed to
significantly contribute to the daily delay. From the tube counts, it appears the
Mid-Day delay could represent the hours of 6:00 am.-7:00 am., 9:00 am.-3:00
p.m., and 7:00 p.m.-9:00 p.m., atotal of nine hours. While traffic volumes from
9:00 p.m. to 6:00 am. are relatively small, travel delays in the overnight period
should be relatively low. An estimation for overnight delays can be ignored or,
if in the engineer’s judgment a delay value is appropriate, use half or athird of
the Mid-Day delays for the overnight period. For this example, the total daily
delay would be found using the following equation:

Tota Daily Delay (veh-hrs) = (AM Delay x 2) + (Mid-Day Delay x 9) + (PM Delay x 2).

Engineering judgment is necessary to distinguish these multipliers from
the hourly tube counts. If unsure, use the more conservative multiplier. In this
case, there may have been some question about if the PM period should count
for two or three hours. The selection of the two-hour multiplier would
typically be more conservative.

Step 5: Computer Simulation/Optimization Analysisand Travel Time Study
After determining that most of the delay to motorists will occur at the
signalized intersections in the study area, PASSER Il or PASSER |1l are used to

simulate operations at these intersections for each geometric condition through
construction.
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TEXAS TRANSPORTATION INSTITUTE

WEEKLY VOLUME COUNT SUMMARY SHEET

Location: US 90A EB W. of Hiram Clarke

Date: 12-16-1997 Direction f Flow: US 90A EB
Channel: This is 1 of 2 Site No: 3010017
Day of Week: MON TUE WED THU FRI SAT SUN 5-Day  7-Day
Weather: Good Good Good Good Good Good Good
12/22 12/16 12/17 12/18 12/19 12/20 12/21 Avg Avg
Time | Hourly | Hourly | Hourly | Hourly | Hourly | Hourly | Hourly | Hourly | Hourly
Volume | Volume | Volume | Volume | Volume | Volume { Volume | Volume | Volume
0-1 124 - 71 77 122 283 228 99 151
1-2 55 - 49 73 87 156 155 66 96
2-3 36 - 26 29 67 98 98 40 59
3-4 49 - 37 40 54 80 71 45 55
4-5 84 - 89 93 136 105 58 101 94
5-6 267 - 328 283 344 192 96 306 252
6-7 791 - 1040 896 1082 451 239 952 750
7-8 1169 - 1814 1661 1876 414 229 1630 1194
8-9 - - 1184 1079 1473 543 264 1245 909
9-10 - - 846 845 914 708 577 868 778
10-11 - - 752 749 836 817 651 779 761
11-12 - - 683 740 787 863 741 737 763
12-13 - - 729 802 887 798 635 806 770
13-14 - - 699 885 938 868 615 841 801
14-15 - 859 987 992 1006 842 765 961 909
15-16 - 940 875 963 992 911 715 943 899
16-17 - 938 880 960 1095 769 704 968 891
17-18 - 1035 960 1084 1088 762 657 1042 931
18-19 - 948 940 975 1158 731 648 1005 900
19-20 - 548 612 634 834 564 427 657 603
20-21 - 390 380 443 574 427 451 447 444
21-22 - 308 306 346 516 400 342 369 370
22-23 - 306 302 352 489 401 308 362 360
23-24 - 148 166 221 396 325 207 233 244
AM Peak 1960 - 4038 3636 4431 1408 732 3828 2852
(6-9) Volume
AM Peak 1169 - 1814 1661 1876 863 741 1630 1194
Highest Hour
PM Peak - 2913 2715 3007 3175 2442 2076 2953 2721
(3-6) Volume
PM Peak - 1035 987 1084 1158 911 765 1042 931
Highest Hour
Daily Total | 2575+ | 6420+ 14755 15222 17751 12508 9881 15500 13982
+ - Indicates sum is not full 24-hour total.

Indicates data is unavailable.

Figure 36. Hourly Volume Tube Counts-US 90A Eastbound
@ Hiram Clarke
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TEXAS TRANSPORTATION INSTITUTE

WEEKLY VOLUME COUNT SUMMARY SHEET

Location: US90A WB W. of Hiram Clarke

Date: 12-16-1997 Direction f Flow: US90A WB
Channdl: Thisis2of 2 Site No: 3010017
Day of Week: MON TUE WED THU FRI SAT SUN 5-Day 7-Day
Weather: Good Good Good Good Good Good Good
12/22  12/16  12/17 12/18 12/19 12/20 12/21 Avg Avg
Time | Hourly| Hourly | Hourly | Hourly| Hourly | Hourly| Hourly | Hourly| Hourly
Volume | Volume | Volume | Volume | Volume | Volum | Volume | Volume | Volume
e
0-1 173 - 171 178 224 418 271 187 239
1-2 113 - 71 81 129 261 170 99 138
2-3 80 - 58 63 77 155 135 70 95
3-4 41 - 39 41 38 103 62 40 54
4-5 55 - 57 66 79 72 54 64 64
5-6 160 - 186 197 166 108 69 177 148
6-7 375 - 507 468 449 184 116 450 350
7-8 660 - 827 828 771 373 242 772 617
8-9 - - 701 708 716 438 225 708 558
9-10 - - 571 612 730 511 404 638 566
10-11 - - 621 650 690 674 427 654 612
11-12 - - 717 7 817 638 541 770 698
12-13 - - 814 912 886 739 560 871 782
13-14 - - 770 841 937 735 727 849 802
14-15 - 785 910 1039 1024 823 687 940 878
15-16 - 1287 1288 1459 1417 938 715 1363 1184
16-17 - 1878 1874 2043 1869 808 667 1916 1523
17-18 - 2435 2561 2474 2010 877 667 2370 1837
18-19 - 1551 1588 1558 1342 647 686 1510 1229
19-20 - 847 855 897 892 682 590 873 794
20-21 - 541 571 614 692 469 470 605 560
21-22 - 427 464 477 553 422 362 480 451
22-23 - 329 395 401 764 351 296 472 423
23-24 - 297 326 390 503 351 335 379 367
AM Peak 1035 - 2035 2004 1936 995 583 1930 1524
(6-9) Volume
AM Peak 660 - 827 828 817 674 541 772 698
Highest Hour
PM Peak - 5600 5723 5976 5296 2623 2049 5649 4545
(3-6) Volume
PM Peak - 2435 2561 2474 2010 938 727 2370 1837
Highest Hour
Daily Totad | 1657 + | 10377+ 16942 | 17774 | 17775| 11777 9478 17254 | 14966

Indicates sum is not full 24-hour total.
Indicates datais unavailable.

Figure 37. Hourly Volume Tube Counts-US 90A Westbound

@ Hiram Clarke
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The intersection of Willowbend will be examined to determine delay)|
during Phase 1 during the PM peak hour as an isolated signalized intersection
(using PASSER 11) and post-construction as a diamond interchange (using
PASSER I11). The Phase 1 and post-construction intersection geometry and
volumes are shown in Figure 38. The post-construction volumes are lower
because the newly constructed mainlanes are carrying a majority of the through
traffic and the frontage road being non-continuous at the railroad tracks.

Wilowbend: Phase | Geometry and Volumes

NERRIIE

LY

i

Figure 38. Willowbend Geometry and Turning Movements during
Phase 1 and Post Construction
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Phase 1, AM, Willowbend

1. Start PASSER |l. Enter the PASSER 11-90 program following the
instructions given by your instructor. Go to the main menu and choose option
2—read old data from disk. The program will ask you for a subdirectory and
filename.  After choosing a subdirectory as instructed, choose the file
ex6plcom.dat. Thefilewill load and return to the main menu screen.

2. Edit arterial data. From the main menu, choose option 3—edit data.
Once in the edit menu (Figure 39), choose option 1—edit arterial data. The
arterial data screen (Figure 40) alows the user to input general project
information, cycle length ranges for analysis, direction designation for
movement 2, output options. Note that the progression options have been
blacked out by the program because of the isolated intersection analysis.
Nothing needs to be changed on this screen. Press <ESC> to go back to the edit
menu.

Version 1.0

-- Edit Menu --
Edit arterial data.
Edit intersection movement data.
Edit intersection phasing data.
Simulate existing timing.
Edit arterial geometry data.
fidd intersection.

Delete intersection.

X ~d AN N S~ WON

Change cross street name.

Which 1tem do vou choose? (Press <ESC> for main menu.) 158

Figure39. PASSER Il Edit Menu
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Figure40. PASSER Il Arterial Data Screen

3. Edit arterial movement data. At the edit menu, choose option 2—
edit intersection movements. The intersection movement screen appears (Figure
41) and the cursor is flashing on the northbound left turn volume. The
minimum phase lengths have already been input. Press the [F3] key. This
brings up the assistant function for left turns. There are three assistant functions
in PASSER |l-the volume assistant, the saturation flow assistant, and the
minimum green assistant. The assistant is asking if the left turn should be
protected. Typein a<Y> for yes. Enter the southbound left turn volume from
Figure 38 (120 vehicles). The assistant then prompts the user for a peak hour
factor and has a default value of 1.00 shown. Press <ENTER> to accept this
value. The program confirms the left turn volume as 120 vehicles. Press
<ENTER> twice to remove the assistant function.

Use the down scroll key to move the cursor to the southbound left turn
saturation flow rate (1,805 vphg shown). From Figure 38, the left turn bay has
one lane, 12" wide. Press[F3] to bring up the saturation flow rate assistant. The
program asks for the ideal saturation flow (1,900 vphg). Accept this value by
pressing the <ENTER> key. The assistant will prompt the user for a list of
values, accept the default values for all questions including the number of lanes
(enter 1), and the average lane width (enter 12). The program calculates a
saturation flow of 1,805 vphg. The minimum phase length has been set to 10
seconds.

74




STREET NAME Willowbend NEMA VEHICLE MOVEMENT  INTERSECTION .1

b 7011
VOLUMES 9 0 <- N
SAT FLO @ 0
MIN PHS 10 | 0
'| AN VOLUMES 0
VOLUMES _ @ Uy . sAl Fl0 0
SN FLO” @ \ MIN PIIS 15 6
5151 MIN PHS 18 - < ARTERIAL NAME
—_— US90a
> / YOLUMES @ 1(1]
2 VOLUMES B A L SAT FLO
SATFLO 0 - MIN PHS @
MIN PHS 15 rooq
\ |/ ” Command Keys
VOLUMES 0 [F3] [F21
SAT FLO 0 0 ASSTSTANT BAY NO-BAY
MIN PHS 0 15
311 8 -
1> <ESC>
v EXIT

Figure4l. PASSER Il Turning Movement Data | nput Screen

Press the <ENTER> key again to move the cursor to the southbound
through volume. Press the [F3] key to prompt the assistant function. Enter
through traffic (530 vehicle) and right turn traffic (69 vehicle). The assistant
will total the throughs and right turns for a total of 599 vehicles. Follow the
assistant instructions until the cursor is on the through and right turn saturation
flow rate (1,800 vphg is now shown). From Figure 38, we see that there are two
twelve foot wide lanes on this approach. Press the [F3] key to activate the
assistant and follow the prompts, entering two lanes and 12 feet for the average
lane width. All other values remain the same.

The remaining approaches do not have left turn bays a protected left
turns. These approaches have relatively low left-turn volumes. After input of
the southbound volumes and saturation flow rates, the cursor goes to the
northbound left-turns. From Figure 38, this left-turn volume is zero, so enter
zero for left turn volume, saturation flow rate, and minimum green time. The
cursor will then move to the through volume for the northbound approach.
Press the [F3] key to bring up the assistant. Enter zero for left turns, 1,765 for
throughs, and 26 for right turns. Continue by calculating the saturation flow for
this approach (two 12’ lanes).

The cursor then moves to the left turns for the eastbound Willowbend
approach. This approach does not have a left turn bay, so press the [F2] key
until “NO BAY” is highlighted. Go down and enter zero for the minimum green
time. Move the cursor back up (using the scroll up key) to the left turn volume
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entry. Press the [F3] key to bring up the assistant. The assistant will tell you
that you will have “permitted phase operation”. Enter the left turn volume (176
vehicles). Once the cursor is back to the eastbound left turn volume, press
<ENTER> twice to go to the eastbound through movement. Continue to input
the data for the eastbound and westbound approaches. Figure 42 shows what
the screen should look like once all volumes and saturation flow rates have been
input.

STREET NAME Willowbend NEMR VEHICLE MOVEMENT  INTERSECTION 1
A 7011
YOLUMES 32 3J <- N
SAT FLO 1800 1805
MIN PHS 10 0
S it s s /1N === YOLUMES 1791
VOLUMES 120 by r SAT 110 3612
ST FLO 1805 A\ HIN PHS 15 6
591 MIN PHS 10 1 (e e —— - e [IRTERIAL NNAME
. - . / - - PR . Usgea
RS > / YOI UNES 5 1111
2 VOLUMES 599 A\ L SAT FLO 0
SAT FLO 3557 4 MIN PHS 4]
HIN PHS 15 r T
\N |/ “ Command Keys
VOLUMES R 200 [F3] [F21
SAT FLO IkEN 3501 ASSISTANT BAY NO-BAY
MIN PHS 0) 15
3011 8 -
i <ESC>
v EXIT

Figure42. PASSER |l Data Input Screen Completed for Example 5

4. Edit signal phasing. Once back to the edit menu, the phase
sequences which PASSER Il will optimize at the intersection needs to be
entered. Choose the third option, edit intersection phasing data. Because of the
type of left turn treatments at this intersection, PASSER |1 will alow the
selection only two possible phasings for the arterial and only one for the cross
street. Figure 43 shows the phasing pattern screen with no inputs. The two
possible phasing selections for the arterial are selected while the cross street
phasing must be chosen using engineering judgment. While any of the cross
street phasings could be chosen, the left turn 3 leading without overlap is chosen
since there are many more eastbound left turns. Figure 44 shows the phasing
pattern screen after phasings have been toggled for analysis. If the anayst is
unsure of the optimal phasing, the model may be rerun using each of the
possible choices and choosing the phasing resulting in the lowest delay. Press
<ESC> twice to return to the main menu. The fileis complete and ready to run.

5. Saveinput file. Savethefilefirst using option 4 on the main menu.
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—[F21—I[F31 <ESC>—
Phasing Patterns Entry ’

Arterial Name : US98a Intersection Number : 1
Cross Street : Willowbend
Arterial Cross Street

Dual Lefts lLeading with overlap

Dual Lefts Leading without overlap
Throughs First with overlap

Throughs First without overlap

Left Turn # 1 Leading with overlap
Left Turn # 1 Leading without overlap
Left Turn # 5 Leading with overlap
Left Turn # 5 Leading without overlap
Special Phasing Selection

T hne e 8 an
[ T R A TR I TR TT )

Select which Phasing Patterns are needed. <CR> to select. and <FSC> to exit.
"V = phasing selected. "-" = not selected, "=" = not possible.

Note that "with overlap” and "without overlap” are mutually exclusive.

Figure43. PASSER |l Phasing Pattern Data Entry Screen (not

completed)
[F2]1—IF31 ESC>—
{— Phasing Patterns Entry
Arterial Name : US90a Intersection Number : 1
Cross Street : Willowbend
‘ Arterial Cross Street

Dual Lefts Leading with overlap

Dual -Lefts Leading without overlap
Throughs First with overlap

Throughs First without overlap

Left Turn # 3 Leading with overlap
Left Turn # 3 Leading without overlap
Left Turn # 7 Leading with overlap
Left Turn # 7 Leading without overlap
Special Phasing Selection

T -Cone i =C o

oot =Coam

Select which Phasing Patterns are needed. <CR> to select. and <[SC> to exit.
"¥" = phasing selected, "-" = not selected. "2" = not possible.
Note that "with overlap” and “"without overlap” are mutually exclusive.

Figure44. PASSER Il Phasing Pattern Data Entry Screen (completed)
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6. Run PASSER |I. After designating a subdirectory and filename,
choose option 6 on the main menu to run the program. After running, PASSER
Il will display the output menu (Figure 45). While each of the output choices
have important information, option 5—measures of effectiveness will summarize
the total system delay (in vehicle-hours). Figure 46 shows the arterial system
performance output. The total system delay number (28.0 vehicle-hours/hour)
will be used, along with the total system delay for the post construction
simulation, to calculate the additional user delay due to Phase 1 of construction.

Version 1.0

~- Output Menu --
View Input Echo.
View Error Message.
View Best Solution.
View Arteriael Summary.
View Measures of Effectiveness.
View Pin Setting.

View Time/Space Diagram.

X ~N NS~ WwN

Print Hardcopy.

9. Leart Simulation.

[ntor chnice or <FSE> to return to Hain Menuy : 15%

Figure 45. PASSER II Output Menu

ART . MOE)
( TEXAS DEPARTMENT OF HIGHWAYS AND PUBLIC TRANSPORTATION
PASSER II-90 MULTIPHASE ARTERIAL PROGRESSION - 145101 VER 1.8 DEC 90

wwxx TOTAL NRTERINL SYSTEM PERFORMANCE ==

Houston US98a DISTRICT 12 04/26/98 RUN NO. ©
CYCLT LENGTHE - 120 STES RAND A 82 SLCS  BAND B 17 81CS
{VERAGE PROGRESSTON SPUID - BAND A = @ MPH BAND B = @ MPII
FEITCTENCY AND ATTAINABINITY HOT AVATLABLE
AVERAGE INTERSECTIUN DELAY TOTAL SYSTEH DELAY IOTAL NUMBER VEHICLES
36.7 SECS/VEH 28.0 VEH-HR/HR 2742
TOTAL SYSTEM FUEL CONSUMPTION TOTAL SYSTEM STOPS HAXIMIN CYCLE
31.51 GAL/HR 2705. STOPS > 1208 SECS

Press any key to return to menu .l

Figure46. PASSER Il Arterial System Performance dUtput
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The next step is to evaluate the post construction conditions at the US
90A at Willowbend intersection using the PASSER 111 model.

1. Start PASSER IIl. Enter the PASSER Ill program following the
instructions given by your instructor. Go to the main menu (Figure 47) and
choose option FILE-data set choices. The program will ask you for a
subdirectory and filename. After choosing a subdirectory as instructed, choose
the file ex5post.dat. Press <ESC>, the file will load and return to the main
menu screen.

PASSER III - 90 Version 1.00
Texas Department of Highways & Public Transportation

MAIN MENU
File - Data Set Choices
Edit - Define or Modify Data
Run - PASSER III - 99
Input - View or Print
Output - View or Print
Quit - Return to System

ENTER YOUR CHOICE -->

Input \PASSERI\DATA\EKGPOST .DAT
Output = \PASSER3I\DATA\EXK6POST.OQUT
OQutput File to be Created.
Run Freeway
00 US99a

on

il Escape key to exit to the System (D0S) il
Figure47. PASSER |11 Main Menu Screen

2. Edit arterial data. From the main menu, choose option EDIT—
define or modify data Once in the edit menu (Figure 48), choose option
GENERAL. The genera data screen (Figure 49) allows the user to input general
project information, and cycle length ranges for analysis. Note that the
progression options have been blacked out by the program because of the
isolated intersection analysis. Nothing needs to be changed on this screen.
Press <ESC> to go back to the edit menu.

3. Edit signal data. From the edit menu, choose option SIGNAL.
From the signal phasing screen (Figure 50) the user can name the cross street,
designate whether or not to have permitted left turns, input interior travel time
and interior queue storage. The signa phasings are also designated to let
PASSER 11l know which signal phasing patterns should be simulated or
optimized. No data on this screen needs editing. Press <ESC> to return to the
edit menu.
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PASSER III - 90 Version 1.00
Texas Department of Highways & Public Transportation

EDIT MENU
General - Freeway Identification
Signal - Phasing Data
Hovement - Interchange Data
Progression - Link Geometry
Return - to MAIN MENU

Edit Interchange = 1: Willowbend

ENTER YOUR CHOICE --> R

i <Esc>exit screen

Figure48. PASSER II1 Edit Menu Screen

PASSER III - 90 Version 1.08

Texas Department of Highways & Public Transportation
FREEWAY IDENTIFICATION

Run Number: 8@ Freeway Name: US98a

District : 12 City Name: Houston )

Number of Interchanges (1 for isolated analysis) : 1
———————— CYCLE LENGTHS-~---~----
Lower: 40 Upper: 88 Incr: 5

Calculate Band Split Proportional to Traffic?(Y/N): -
"A" direction Percentage (0 to 100 )
Speed Search? (Y/N):

Time/Space Diagram {Y/N): @
———————————— PLOT SCALING / INCH
Horizontal (Seconds): Vertical (Feet): :

Note: Set to @ for program selected value

=

i Il Escape key to exit screen [IIIMUMIRIIABIL

Figure49. PASSER |1l Freeway | dentification Data I nput Screen
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PASSER III - 90 Version 1.00
Texas Department of Highways & Public Transportation

INTERCHANGE 1 DATA

Cross Street Name Permitted Left Turns {Y/N)
{illowbend Left-side: N Right-side: N
Interior-Travel-Time Interior-Queue-Storage
--Rgt-->  <--Lft-- Left-Side Right-Side
(Sec} (Sec) Left Thru Left Thru
12 12 12 24 12 24
SIGNAL PHASING DATA
Type of Run Delay-0ffset ----—- Seconds Offset ——---
Phasing Analysis (Y/N) Forced Int. Forced Ext.
Lead-Lead Y
Lag-Lead ¥
Lead-Lag Y
Lag-Lag Y
TTI-Lead Y

Figure50. PASSER II1 Signal Interchange Data Screen

4. Edit arterial movement data. At the edit menu, choose option
MOVEMENT—edit intersection movements. The intersection movement screen
appears (Figure 51) and the cursor is flashing on the northbound left turn
volume. The minimum phase lengths have already been input. Press the [F3]
key. This brings up the assistant function (Figure 52). Enter the input data,
including volumes and lane assignments. If a zero volume exists do not provide
alane assignment for that movement, but assign another movement to that lane.

PASSER III - 90 Version 1.00
Texas Department of Highways & Public Transportation
I I Hillowbend" I I
!
m—
Left Side I I
Vol/ Sat  Min Vol/ Sat  Min
Hour  Flow Phase CROSS-STREET Hour Flow Phase
-0 [4] right-turn 0 0
9 0 straight-through 0 0
0 0 straight-then-left 0 0
FRONTAGE ROAD
0 0 right-turn 9 0
) 0 straight-through 0 0
0 8 left-then-straight 0 0
] (] left-then-left (U) 0 0
INTERIOR
[’} 0 left-turn /] 0
/] 0 straight-through 0 0

Il <F3>assistance <Escexit <PgUp><PgDndnext interchange [l

Figure51. PASSER I11 Intersection Movement Screen
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PASSER

IIr -

Version 1.00

Texas Department of Highways & Public Transportation

I I Hillowbend Assistance For
LEFT SIDE, CROSS-STREET
Ideal Saturatlon Flow Rate 1900
—_— Approach Grade (%) 0.9
e Number of Approach Lanes 3
- ! Minimum Phase Length {Sec) 18
Left Side Movement Heavy
Movements  Vol(vph) Veh (%)
Vol/ Sat  Min Rights 29 0
Hour Flow Phase CROSS-STREE| Thrus 0
29 1615 right-turn Lefts e
0 ] straight-thro i
3 3800 straight-then Rllowable
FRONTAGE RO Width Movements
26 1615 right-turn Right Lane 12.9
20 2492 straight-thro|Middle Lane 12.0
10 1246 left-then-str|Left Lane 12.0
Q left-then-lef
. INTERIOR
176 38351 left-turn i
6 2696 _straight-thro <FI to Calc

Figure52. PASSER Il Assistant Function

Figure 53 shows what the screen should look like once all volumes and
saturation flow rates have been input.

FHDOCK version 1.vu
.Texas Department of nghways & Pub11c Transportation
Willowbend
e
I
I I Right Side
Vol/ i Vol/ Sat
Hour CROSS-STREET Hour Flow
29 right-turn 7}
0 straight-through 24 1900
3 straight- then left 176 3800
FRONTAGE RORD
26 right-turn 69 2603
20 straight-through 20 755
10 left-then-straight 120 1865
%} left-then-left (U) 0 0
INTERIOR
176 left-turn 3 1300
VY straight-through 10 4335
M$MM%M.<F3>3551stance <Escyexit <PgUp><PgDn>next interchange il

Figure53. PASSER I11 Intersection Movement Screen
Completed for Example 5

5. Run PASSER IlI. Choose the RUN option on the main menu.
After running, PASSER 111 will display the output menu (Figure 54). While
each of the output choices have important information, option GENERAL will
summarize the total intersection delay (in vehicle-hours) along with other
measures of effectiveness for the intersection for each cycle length analyzed
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PASSER

Texas Department of Highways & Public Transportation

Problem

Movement
Interchange-

Link
Delay

Optimal

II

I

OUTPUT MENU

Identification Data
Interchange Data
Phasing Data
Geometry Data
Offset Diagrams
Progression Solution
Progression Information

Frontage Rd-

General

Signal
Time

Entire
Return

Version 1.00

Signalization Information
Phasing Information
Space Diagram

Qutput Fil

lle

To MAIN MENU

ENTER YOUR CHOICE --> B
Print File = \PASSER3\DATA\EK6POST.OUT

Escape kev to exit screen [l

Figure54. PASSER I11 Output Menu

(Figure 55). The lowest total intersection delay number (1.50 vehicle-hrs/hr for
40 sec cycle length) will be subtracted from the Phase 1 intersection delay (28
vehicle-hrg/hr) to determine the additional delay of 26.5 vehicle-hour/hour for

the AM period.

» « » JNTERCHANGE 1 Willowbend

>

L R I TN R R R I TN RS

MEASURES OF

e

.11

70

20.0

14
A

30.

LEFT-SIDE INTERSECTION
A B C A+C

0

.09

f
2.

19

EFFECTIVENESS

PHASE TIME (SEC) 18.0 10.
V/C RATIO 12
LEVEL OF SERVICE A A
DELRY (SEC/VEH) 14.73 14.
LEVEL OF SERVICE B B

STORAGE RATIO
LEVEL OF SERVICE

.11
A

.02
A

4]

.02

A

LR N R R N B R S I T

PHASE ORDER  LEAD-LAG
INTERNAL OFFSET 11 SEC

TOTAL INTERCHANGE DELAY

CYCLE LENGTH

GENERAL SIGNALIZATION INFORMATION

X X X X X X X X ¥ X X X X X x x

RUN 08 PAGE

9

LR B R N I R R I

RIGHT-SIDE INTERSECTION
A B c A-C

LR I T

15.4  20.2 4.4 19.8
.16 .16 .23 .81

A A A ]
16.73 7.60 14.87 1.73

B B B A
.00 .60

A A

L L I R R O T Y

1.50 VEH-HRS/HR
40 SEC

lill<Escyexit <PgUp><PgDn> <F2>Print Page <F3>Print Sectionliiiliiililio

4R

n

gs

L oA T o~

. e

Figure55. PASSER |1l General Signalization Information Output Screen
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The AM delay would then be combined with the Mid-Day and PM
delay, each multiplied by the duration estimated for each period, to determine a
daily road user cost.

Step 6: Document Results

In a short technical memorandum, document the following: construction
sequencing, modeling techniques, traffic demands (with counts included at the
end of the memorandum, if necessary), delay results (report vehicle-hours of
delay for each time period and construction phase), the current value of time,
and the summary of estimated road user cost for each construction phase.

EXAMPLE 6: FREEWAY CONSTRUCTION USING FREQ10PC
Step 1: Review Traffic Control Plans

The first step in the user cost analysis is to review available traffic
control plans. Preliminary plans, with a 95 percent completion, illustrated three
construction phases:

Phase 1-Construction of the center portion of the proposed roadway.
Traffic remains in existing conditions and no diversions are
necessary.

Phase 11-Construction of the eastbound roadway. The eastbound traffic
is diverted to the center of the roadway, as constructed in Phase
l.

Phase 111—Construction of the westbound roadway. Traffic is diverted
to the newly constructed roadway from Phase | and Phase I1.

Review of the traffic control plans indicate that much of the delay will
occur on the frontage road due to the closure of several exit and entrance ramps
during Phase Il and 111. Minimal impact is anticipated for each phase on overall
freeway operation since two directional lanes are provided for each phase
during construction.

Step 2: Define Analysis Approach

To evaluate the impacts of construction on mainlane traffic, FREQ10PC
was used to simulate freeway operations. The input requirements of FREQ10PC
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consists of freeway design features available from the traffic control plans and
demand input parameters. The output of FREQLOPC provides a detailed
description of the freeway’ s traffic performance.

To determine additional delay due to construction, assumptions were
made to provide a consistent user cost analysis.

. No diversion to aternate routes;

. Minimal impacts to cross street traffic;

. No impacts from other freeway construction projects; and
. Construction performed only one phase a atime.

As a result of narrow travel lanes, reduced and/or no shoulders, and
minimal clearances, as illustrated in the traffic control plans, flow rates, and
capacity are reduced on the freeway mainlanes. Drivers will compensate for
being laterally close together by dlowing down and observing longer
longitudinal spacings. The adjustment factor from Table 3-2 of the HCM (Table
1) is based upon lane width, the distance to the nearest lateral obstruction,
whether lateral obstructions exist on one or both sides of the roadway, and the
number of lanes on the freeway are used to reduce capacity on freeway sections
during construction. Four lane freeways will experience more severe impacts
from restricted lane widths as opposed to six or eight lane freeways. The
following drawing illustrates the basic geometry of the study section.

" Subsection SSi 8§82 S83 S84 885 Ss6 )
Length 3000 2620' 2950 2360 2100 2690
# Lanes 2L 2L 2L 2L 2L 2L

Al entr}//exii
ramps { lane

Step 3: Data Collection
The primary element to a user cost analysis is the availability of traffic
demands within the project area. Freeway mainlane and ramp volume data,

within the project corridor, was required for this study.

After collecting the necessary data, entrance and exit ramp average
hourly volumes are summarized from beginning to end of the project area. The
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dataisinput on a spreadsheet illustrating traffic volumes on a typical weekday,
Saturday, and Sunday. Table 6 illustrates a summarized segment of traffic
volumes on |-10 East Freeway.

Table 6. Summarized Traffic Volumes on a Segment of 1-10 East Freeway
1-10 (East) Eastbound—Spur 330 to Frontage Road

Croshy-
Time Begin Origin Spur 330 Lynchburg Thompson Thompson Frontage Destination
*M/L* Exit Entry Exit Entry Entry MI/L
12:00a 560 100 20 60 50 0 470
1.00a 470 80 10 40 30 0 390
2:00a 420 80 10 40 20 0 330
300a 440 60 10 50 30 0 370
400a 540 0] 10 50 40 0 450
5:00a 1,170 510 30 60 50 0 680
6:00a 2,260 1,050 80 ] 110 10 1,320
7.00a 2,140 890 100 130 160 10 1,390
800a 2,100 720 70 160 140 10 1,440
9.00a 2,320 630 70 230 180 10 1,720
10:00a 2,440 620 20 230 190 10 1,830
11:00a 2,480 630 100 230 220 10 1,950
12:00 p 2,550 660 110 250 200 10 1,960
1.00p 2,550 700 110 230 190 10 1,930
2:.00 p 2,750 790 100 270 190 10 1,990
3:.00 p 2,960 830 110 280 200 10 2,120
4:00 p 3,280 1,040 110 310 270 10 2,320
5:00 p 3,720 1,380 120 330 260 10 2,400
6:00 p 3,070 850 110 280 210 10 2,270
7.00p 2,160 550 80 200 200 10 1,700
8:00 p 1,670 410 60 170 140 0 1,290
9:.00 p 1,390 350 50 130 110 0 1,070
10:00 p 1,240 300 40 110 0] 0 960
11:00 p 980 210 30 100 70 0 770
Total 45,660 13,580 1,630 4,030 3,350 140 33,170

Step 4: Data Reduction

The FREQ10PC model is not capable of simulating frontage road traffic
due to ramp closuresin Phase |l and Phase I1l. Therefore, a different approach
was used to evaluate delay assuming several factors:

. Average speed of the frontage road is assumed at 35 miles/hour;

. Impact from cross street traffic is excluded; and

. Traffic normally using a closed ramp is assumed to progress
along the frontage road at 35 mileshour to the next available
ramp.

After rerouting traffic, the corresponding volumes are multiplied by the
resulting additional travel time along the frontage road.
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Step 5: Computer Smulation/Optimization Analysis

Input data into FREQIOPC for existing conditions, eastbound
construction of Phase Il, and westbound construction of Phase IIl in 24 hour
time slices. Freeway demand patterns are in terms of time slice specific user
supplied generated Origin-Destination (O-D) data and the occupancy
distribution at each on-ramp.

System delay is summarized for each simulation. Determine the delay
difference between each construction phase and the final geometry condition.
The calculated frontage road results are combined with the FREQ10PC mainlane
delay to determine the estimated delay for each phase. The estimated road user
cost is based on the current value of time.

This example will concentrate on the Phase Il analysis for the eastbound
direction using the FREQ10PC mode!.

1. Start FREQ10PC. Open the FREQ10PC program and press any
key to continue until the option to press 0, 1, or 2 appears. Choose option 2
(Priority Entry Analysis) for this project; this option will be used for the majority
of user cost studies for freeway projects. The main menu will appear and since
we are starting a new problem, choose option 1.

2. General Description. The general description screen will appear,
allowing the user to input project information: route, direction, dates, and
comments. Press [F1] to edit the screen. The cursor will appear at the route
description. Type in the route being analyzed, which is I-10 Eastbound East
Freeway. Complete each portion of the project description by pressing
<ENTER> after each entry. Once the description of the project is complete, the
cursor will appear at the message, “Choose your option”, press [F10]. The
freeway design screen will appear.

3. Entering Freeway Geometry

Step 3a. From the traffic control plans you should be able to determine
the number of lanes and type of ramp for each freeway subsection. Beginning at
subsection 1 you are asked to input the number of lanes. Press <2> to indicate
that thisis the number of lanesin subsection 1 and press <ENTER>.

NOTE: If you try entering an on-ramp in subsection 1 you will receive

an error message stating, “Subsection 1 may not have an on-ramp. Press any
key to continue” FREQI10 will only alow a mainlane origin at the first
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subsection.  In addition, the last subsection will only alow a mainlane
destination and therefore an off-ramp is not allowed.

Press <ENTER> to identify that there is no on-ramp at the beginning of
subsection 1. Press <1> to indicate the type of off-ramp at the end of subsection
1, asillustrated in the traffic control plans, is aright-sided one-lane exit.

TTI's past experience has been to not use the “merge analysis’ module
of the FREQ model for user cost studies. It is recommended that this option is
turned off by pressing <1> for each subsection.

The FREQ model also alows for the input of freeway grade and truck
percentage information. This information is used by the model only for
emissions and fuel consumption outputs and does not impact the operational
results. Therefore, it is not necessary to include these values.

Step 3b. A blue screen will now appear illustrating the geometry of the
data that was input for a two-lane roadway with a manlane origin and a
mainlane destination with a one- lane exit on the right side. To edit this screen
press [F1]. You are asked to input a per lane ramp capacity limit default. To
follow the HCM guidelines, a capacity of 1,700 is input. Press <ENTER> and
you are prompted to a destination 1 limit. Input 1,700 since the HCM manua
states that 1,700 is the capacity of a one-lane exit ramp. Press <ENTER> and
you are asked to input a description of subsection 1. (Note: There is a limit of
23 characters). Type in an appropriate name for this section, such as 1-10 East
EB Thompson X and press <ENTER>. From the traffic control plans, the
distances between each ramp is required for this section. For this case, the
length from the exit ramp to the previous ramp is 3,000 feet, type in 3,000. The
capacity of this section is calculated from an adjustment factor from Table 3-2 in
the HCM (Table 1). Enter 3,420 for the capacity and press<ENTER>. Thefinal
item is to select the appropriate speed-flow curve which FREQ will use in its
analysis. A guideline used in the past is to choose the curve based upon the
freeway design speed. In this example, use the 70 mph curve.

Step 3c. The first subsection is complete. The next step is to complete
the freeway one section at a time, or ramp to ramp. From the traffic control
plans, the next ramp is Thompsons Entry. To add the next subsection, press
[F5]. Repeat Step 3a, Step 3b, and Step 3c until the project area is complete.
Once the input of each subsection is complete press [F10].

4. Inputting Time Slice Demands. The entering of design values for
the freeway is now complete. If you have corrections to make, such as adding,
deleting, or modifying the subsections then you would press <2> in the
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modification menu. The default occupancy data can be used for this example as
well asfor all user cost studies.

To input traffic volumes, corresponding to each exit and entrance ramp,
press <4>. The screen prompts for the freeway time slice demand data screen.
Press [F1] to edit this screen. The number of time dlices is 24 (24 hours in a
day), press <ENTER>. The number of time slices per hour is one, since traffic
counters in hourly volumes were used for this project, not 15-minute counts.
The vehicles per time dlice, one, is equal to vehicles per hour, therefore default
the type of demand data to zero. Press[F10].

The blue screen showing is geometrically identical to the freeway design
screen that was input in step 3. The description given in step 3b is displayed in
the middle of the roadway. Press [F1] to edit the volume data, where one
depicts atime from 12:00 am. to 1:00 am. From the volume spreadsheet, enter
the mainlane traffic volumes prior to the I-10 Eastbound Thompson Exit.

After the traffic volume for each time dlice for the mainlane is
completed, the cursor is prompted to the exit ramp volume. Enter the traffic
volumes for 1-10 EB Thompson Exit in the 24 time slice column. Press [F4] to
enter traffic volumes for the next subsection. Repeat until the traffic volumes
for each subsection has been input. Press [F10] when complete.

5. Input Arterial and Other Options. At the modification menu,
press <5> to input arterial options. Depending on the scope of the project will
determine whether you will select an option (1) or to not select an option (0).
Press[F1] to edit the screen.

The goal of this analysis is to determine an estimate of total system
delay. Therefore, default (O) the irrelevant options: engage arteria, engage
freeway growth, speed curves, fuel rates, emission rates, and reduced capacities.
Select (1) disengage weaving analysis since this option is aso irrelevant to the
study. Select (1) to calculate mainlane delays and unless free flow speeds are
given, use the posted speed limit for speeds used for calculation. In this
example, use 65 mph. Press [F10] when screen is complete.

6. Save Data Set to Disk File. From the modification menu, press <0>

to return to the main menu. Press <2> to save the file. Enter afile name at the
command prompt.
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7. Run FREQI1O0PE. Press <5> from the main menu to run the
simulation program. The following screen prompt will ask, “ Current data set in
memory will belost!”, “Continue anyway? Y/N”. Press<Y>.

The next screen asks the user to enter a one line run identification for
this FREQ1O0PE input file. It is important to enter a specific project name for
each project study. When there are severa FREQ10PE outputs the one line run
identification is the only way to separate each project. For example, 1-10 East
Eastbound Freeway—Phase II. Press <ENTER>.

The operations to be executed for this run is simulation only. Press <1>
and enter. Go to the print selection screens by pressing <0> and <ENTER>.
The development of contour maps are not required, but are ideal for visually
examining traffic impacts, therefore, exit the screen by pressing [F10]. Edit the
screen, press [F1], and select (1) freeway and arterial subsection design features
and freeway ramp capacity limits. Press [F10] to exit the screen. Press [F1] to
edit the screen and select (1) freeway summary table and freeway mainlane delay
summary table default other print results. Press [F10]. The command prompt
will ask if you want to save print selectionsin afile. Thisis ahandy optionin
that in most cases a similar output is desirable for a | user cost studies.

After you press <N>, the FREQ10PE program will run automatically
and the results are output to a separate file. The program will tell you the
simulation run was successful, if not then view the error message and correct the
error accordingly. The name of the output file is freql0Ope.out and you can open
the output file in MS-DOS with an edit command or open the file in any file
editor.

In a short technical report, document the construction sequencing,
modeling techniques, traffic volumes, delay results obtained from the models,
the current value of time used, and a summary of the estimated road user cost
associated for each construction phase.
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EXAMPLE 7: TEMPORARY DAILY LANE CLOSURE-FREEWAY
WORK ZONE ON URBAN FREEWAY

This example determines the weekday road user cost for a daily
roadway closure on SH 288, south of the Houston CBD. This is basically an
eight-lane divided facility. This example illustrates the use of FREQ10PE to
simulate reduced capacity in atemporary work zone.

Step 1: Review Traffic Control Plan

A review of the TCP indicates that a two-lane closure is necessary to
repair a series of pavement failures in the left-most lane. The location of these
repairs is in the southbound direction of SH 288 between Binz and MacGregor
Streets. The contractor is limited to closing lanes between the hours of 8:00 am.
and 5:00 p.m. This construction will occur on weekdays only during daylight
hours.

Step 2: Define Analysis Approach

The basic study section is shown in Figure 56. The freeway is a basic
four- lane configuration with an auxiliary lane between the Southmore entry
ramp and MacGregor exit ramp. Because it is anticipated that no diversion will
occur during hours when the work zone is present, the FREQ10PE freeway
simulation tool could be used to determine the anticipated impact of the work
zone to traffic conditions. Two simulations will be performed: 1) a simulation
with the work zone present and reduced capacity due to the lateral obstructions
on one side of the travel lanes; and 2) a simulation with no work zone present to
determine the recurring levels of vehicle delay.

subsection SS1 §S2 8§83 S84 SS5 SS6
ss length 5000 2410 1120 1440 1320° 1980
# lanes 4In 4In 5n 4In 4in 4in

SBSH288ML | \

all entry/exit ramps one lane

N
MacGregorExn/
‘m
Ny

Southmore Exit
Southmore Entry
Binz Entry
MacGregor Entry

construction area

Figure56. Study Selection and Freeway Geometry
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Ideally traffic counts would be completed at each entry and exit ramp as
well as across the mainlane section. However, limited resources reduce the data
collection to a weekday hourly mainlane count for a 24-hour period and 24-hour
total volume counts on al entry and exit ramps. The number and width of lanes
(four lanes-12" wide), distance between ramps, and speed limit (60 mileshour)
are taken from the TCP or existing plans or other sources.

Step 4: Data Reduction

FREQ10PE requires volume data to be given in hourly flow rates. The
entry and exit ramp volumes (currently just 24-hour totals) must be converted to
hourly estimates. This can be done in two basic ways: 1) based on each hourly
percentage of the total 24-hour mainlane count; or 2) based on typical 24-hour
volume distributions from other facilities in the area, around the state, or around
the nation based on the characteristics (inbound or outbound direction, type of
facility, etc.) of the subject facility. Because we are fortunate to have a hourly
24-hour volume count on the mainlanes of SH 288, we can distribute the entry
and exit ramp volumes at the same hourly ratios as the mainlane hourly traffic
distribution. Figure 57 shows the actual data collected and the procedure to
estimate the entry and exit ramp volumes based on the mainlane hourly traffic
distribution.

Figure 57 is a spreadsheet-based calculation for the estimated ramp
volumes. The shaded volume numbers are the volumes found as a result of data
collection. The estimation procedure begins by calculating the percentage of the
total 24-hour volume for each hour of the day [for example, it is calculated that
1.07% (720/67,220) of the total 24-hour daily traffic occurs from 12:00 am. to
1:00 am.]. The estimated hourly volume for each ramp is then calculated by
multiplying the 24-hour ramp count by the hourly percentage [for example, it is
calculated that 106 (9880 x 1.07%) vehicles access the Southmore exit ramp].
All volumes used in the computer analysis are shown in Figure 57.

Step 5: Computer Simulation/Calculation of Estimated Road User Costs
Input all required data into FREQ10PE for the case with no capacity
reduction (no work zone present) to determine base level of delay, then edit the

file to incorporate capacity reductions representing the work zone during
prescribed hours of operation.
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Figure 57. Estimation of Hourly Entry and Exit Ramp Volumes

SH 288 (Southmoreto MacGregor)
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1. Start FREQI1OPE. Enter the FREQ1OPE program following the
instructions given to you by your instructor. Go to the system menu and choose
Option 2-FREQ10PE Priority Entry Analysis. The main menu should now be
present. Select Option 1-start a new problem.

Pressing the [F1] key, edit the General Description screen to reflect this
analysis. Press<ENTER> to move to the next descriptor.

ROUTE: SH 288
DIRECTION: SOUTHBOUND
BEGINNING TIME OF DATA: 0:00

ENDING TIME OF DATA: 24:00

DATE OF DATA: 7/1/1998

DATE OF INVESTIGATION: 7/15/1998
INVESTIGATOR:

COMMENTS: BASE CONDITION

Once the program is back to the control cursor, press [F10] to enter the
“edit subsection” screen.

At the edit subsection screen, press [F1] to enter the data elements for
the first subsection. Refer to Figure 56 for the number of lanes for subsection 1
(four lanes). Thisisthe first subsection, so there is no on-ramp at the beginning
of the section, so keep the <0> by pressing the <ENTER> key. Thereis a one-
lane right side off-ramp at the end of subsection 1, so key a <1> at the prompt
for type of off-ramp at the end of the section. Keep the default values for the
remaining data elements unless this information is available. In this case, we
will keep the default values. Once the cursor is at the “Choose Y our Option”
prompt, press the [F10] key to enter the geometry description edit screen.

On this screen, parameters such as ramp and freeway mainlane capacity,
subsection length, speed, and a subsection description are entered. Press[F1] to
edit the data. Change the default ramp capacity to 1,700 vphpl. The default
ramp capacity field is only available on this screen. Notice that the ramp
capacity at “DEST 1" immediately changes to 1,700 vph. Press <ENTER> until
the cursor is on the “ENTER SSEC DESCRIPTION” line. Enter an appropriate
descriptor such as “ML Orig to Smore ex”. Press <ENTER> to move to the
“LENGTH” field. Enter 5,000 as the length (dimensions in feet) for this
subsection. Press <ENTER> to move to the “CAPACITY” field and enter 8,400
(capacity was calculated using HCM methods and was found to be 2,100 vphpl).
Press <ENTER> to move to the “SPEED” field and enter 60 (FREQ10PE will
now use the speed-flow relationship based on free flow speeds of 60
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miles’hour). Sixty miles per hour is the speed limit of this roadway and is
estimated to be fairly close to actual average free flow speeds. Press <ENTER>
to accept the 60 value for “SPEED”. The cursor is back to the “Choose Y our
Option:” position.

At the bottom of the screen are several options, anong them are:

ED SCRN [F1]—edit the current screen;

CHNG DESIGN [F2]-which takes you back to the edit subsection
screen;

SCRN UP [F3]-which takes you to the previous subsection;

SCRN DWN [F4]-which takes you to the next subsection;

ADD/INSRT NXT SS [F5]—adds a subsection to the end of the current
subsection shown;

DELETE THIS SS [F6]—deletes the current subsection shown; or

SPLT THIS SS [F7]—which will divide the current subsection.

Assuming the correct information was entered for subsection 1, press
[F5] to bring the edit subsection screen back up. Enter the number of lanes and
types of on/off ramps according to Figure 56 for this subsection, leaving the
defaults for merge analysis, freeway gradient, percent trucks, and percent diesel
trucks. Note: The percent trucks and percent diesel trucks are used by the
program to calculate emissions. Typically, the effect of trucks is taken into
account in the calculation of capacity. Similar to the method outlined above for
subsection 1, enter data for subsections 2 through 6 and use the [F3] and [F4]
keys to check your simulation design. Feel free to ask any instructor for
assistance if needed.

After entering subsection data for subsection 6, choose option “EXIT” to
take you to the modification menu. Volume data is the next parameter to be
input to the program. Choose option 4—input/modify time slice demands, to
bring up the “freeway time slice demand data” edit screen.

This study will use 24 individua time dices, each representing a one
hour time period. Press [F1] to edit this screen. Keep the default 24-hour time
dlices, but change the time dices per hour to <1>. Keep the default <0> for the
type of demand data since we have hourly time dice counts. The time at the
beginning of the first time dice will be 12:00 am., enter “00:00" and press
<ENTER>. The cursor should now be at the “Choose your option:” prompt.
Check the screen for errors and if there is a need to edit, press [F1], if not, press
[F10] to begin entering volume data.
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Enter volume data by hour for each origin (either mainlane origin or
entry ramp) or destination (either mainlane destination or exit ramp) by pressing
[F1] and entering each volume, then pressing <ENTER> after each hourly
volume isinput. After al volumes on each screen are input, press [F4] to edit
the next set of input or output volumes. Check each set of volumes by pressing
[F3] (to go to the previous screen) or [F4] (to go to the next screen). Once all
volumes are input correctly, press [F10] at the “Choose your option” prompt to
return to the modification menu.

FREQ has severa program parameters that must be customized for each
simulation. In the modification menu, choose option 5-nput/modify arterial
and other optional data. Each of the elements and the inputs for this example of
the optional data edit screen are explained in brief:

Engage Arterial-FREQ has an optional route algorithm that can be used
to divert traffic from the mainlanes. This option is not used for this
simulation. Keep the default input <0>.

Disengage Weaving Analysis-FREQ will use agorithms to simulate the
effects of weaving. However, this option should be disengaged for this
analysis. The algorithms are assumed to be based on traffic behavior
(both driver and vehicle characteristics) present in the 1960's and may
not accurately reflect today’s driver behavior. Enter a <1> to
disengage the weaving analysis.

Calculate Mainlane Delays—Enter a <1> to engage the calculation of
mainlane delays. Another input will then appear on the screen, asking
for the speed to use for the calculations. The default is 55 mi/h, enter
“60” mi/h, which is the assumed free flow speed for this facility.

Engage Freeway Growth Factor-This option is useful to “grow”
volumes for future conditions. For this simulation, the input remains
<0>.

User Supplied Speed Curves-FREQ has the option for the user to input
speed curves for local conditions. For this simulation, keep the default
speed-flow curves by entering <0>. The program then asks for the
default speed curve. Enter <60> mi/h asthe default speed curve.

User Supplied Fuel Rates-This gives the user the option to update the
cost of fuel. Not necessary for thistype of simulation.

96




User Supplied Emission Rates-This gives the user the option to update
the emissions characteristics of today’s fleet of vehicles. Not necessary
for thistype of smulation.

Reduced Capacities-This option gives the user the ability to reduce
capacity on a particular subsection during various hours. Keep <0> for
thissimulation, this is the option that is used in the “during work zone”
simulation to reduce the work zone capacity.

If all the options were input correctly, press [F10] at the “Choose your option”
prompt. If not, press [F1] to re-edit this screen. Because we changed the
default speed curve, FREQ gives the message “ To assign speed curve other than
60 to a subsection, modify your freeway design”. This is the correct response
from the program. Pressing <ENTER> will return the user to the modification
menu.

No other data needs to be entered for this simulation. At the
modification menu, choose option O—eturn to main menu. At the main menu,
choose option 2 to save this data set to afile. Enter the data file name as “288sh”
and press <ENTER> to save, (no extension is necessary). The main menu now
appears and we are ready to run the FREQ10PE program. Choose option 5—
make a FREQ1O0PE run. The program warns the user to make sure they have
saved the data set and asks if the user wants to continue, press <Y > to continue.

The program then asks for a one line identification for this run, type
“SH 288 SB BASE CONDITION” and press <ENTER> to accept. The program
then shows the run options menu. Choose option 1-simulation only. The
program then asks for output options, and asks the user if they want to use the
previous options used. At this point, the user can define a new set of outputs,
modify the existing data to be output, or use the existing data output. Choose
option 1 to modify the data to be output.

FREQ has numerous output pages that can be selected for inclusion in
the output file. However, only a selected few of the output sections are
necessary for the user to gain a clear picture of the smulation results. For this
reason, the output is limited to only five pages out of the amost 100 available.

The first output edit screen shows the contour maps that the program
can output. The most useful maps for road user cost studies are the speed,
gueueing, and volume/capacity maps. Note that these maps are already selected,
so press [F10] to go to the next screen. The program then asks if the user wants
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to print out input data, in this case we do not, so press [F10] to go to the next
screen.

The next output data screen gives the user the option to print detailed
simulation results for each time slice. For road user cost studies, the summary
tables for the freeway performance and freeway delay MOE’s are needed in the
output file. Notice that <1> is entered for the first two options. “Freeway
summary table” and “Freeway mainline delay summary table”. These two pages
contain information on freeway performance for each time slice. Press [F10] to
prompt the program to save the user selections in afile. Press <Y> to save the
output options, and enter atitle for the file: “USERCOST”. Press <ENTER> and
the FREQ10PE program executes the simulation and returns the user to the DOS
prompt. The output may be found in the file “freqlOpe.out”. This file can be
viewed in any DOS editor or word processing program. Figure 58 shows a
copy of the output. The most important output for this study is the total
mainline delay in vehicle-hours (for this simulation 610.04 vehicle-hours).

NOTE: FREQ will not save the output file as any other name but
FREQI1OPE.OUT. The user must rename the output file or it will be
overwritten the next time FREQ is executed.

The next simulation needs to reflect the reduced capacity caused by the
lane closures. We can use the same file (288sh) as the basis for this next
simulation.

2. Re-Start FREQI10PE. Enter the FREQ10PE program following the
instructions given to you by your instructor. Go to the system menu and choose
Option 2-FREQ10PE Priority Entry Analysis. The main menu should now be
present. Select Option 3—etrieve data set from disk file. The program prompts
the user for the filename, type “288sb” and press <ENTER>. The genera
description edit screen then appears to confirm to the user what information is
contained in the file. Press <ENTER> to return to the main menu.

Immediately save this data file to another name to reduce the possibility
of overwriting the non-work zone data. Choose option 2—save data set to disk
filee. The program asks if the user wants to overwrite the file named
“288SB.FRQ”. Press <N> and enter the new filename for this simulation:
“288SBWZ”, no extension is necessary. Press <ENTER> to save the file and
return to the main menu.
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1 INSTI TUTE OF TRANSPORTATI ON STUDI ES FREQIOPE ~ REL T91 7/ 17/ 98 1:31 PM PAGE 1
UNI VERSI TY OF CALI FORNI A, BERKELEY
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FREQLOPE 288 BASE

THI'S IS A SIMILATI ON ONLY EXECUTI ON.

THERE ARE 1.0 TIME SLI CES PER HOUR.

WVEAVI NG ANALYSI' S |'S NOT ENGAGED.

NO ALTERNATE ROUTE | S PROVI DED.

SPEED FLOW DATA |'S SUPPLI ED BY THE PROGRAM

THE MAINLI NE DELAY CALCULATION |'S ENGAGED AT 60. MPH.

FUEL DATA ARE SUPPLI ED BY THE PROGRAM

. EM SSI ON RATES SELECTED FROM PROGRAM TABLES: 1995 - 85 DEGREES F.

1 INSTI TUTE OF TRANSPORTATI ON STUDI ES FREQIOPE ~ REL T91 7117/ 98 1:31 PM PAGE 2
UNI VERSI TY OF CALI FORNI A, BERKELEY

PNOARLONE

**x%% | NPUT HAS BEEN COVPLETED *****

1 INSTI TUTE OF TRANSPORTATI ON STUDI ES FREQIOPE ~ REL T91 7117/ 98 1:31 PM PAGE 3
UNI VERSI TY OF CALI FORNI A, BERKELEY SI MULATI ON BEFORE ENTRY CONTROL

kR kR KRR R KRR kR KR kKR kKRR KRR kKRR KRRk kR R kR KRR kKRR kKRR kR R KKKk

T

FREEWAY SUMVARY TABLE
SI MULATI ON BEFORE CONTROL

N T

kAR kR KRR KR KRR R kKR KRRk KRR KRR Rk kR KRRk kKRR kR KRR kR KRR ARk KRR AR KAk

*TIME * FREEVWAY * RAVP * TOTAL FREEWAY * TOTAL TRAVEL * AVERAGE * GASOLINE * HYDROCARB * CARBON * NI TROUS * BEG N
*SLICE* TRAVEL TIME  * DELAY * TRAVEL TIME * DI STANCE * SPEED * CONSUMED * EM SSIONS * MONOXIDE * OXIDES * TIME
T T e
* *VEH HR PAS-HR * VEH HR PAS-HR * VEH HR PAS-HR * VEHM PAS-M * MPH  *  GALLONS * KI LOGRAMS * KI LOGRAMS* KI LOGRAMS*

* 1= 28. 36 * 0. 0 * 28. 36 * 1507. 1898 * 53.1 * 61. * 0. * 5. * 1. * 0:00
* * * * * * * * * * *

* 2 * 16. 20.* 0. 0.* 16. 20.* 836. 1053. * 53.5 * 34. * 0. * 2. * 1. * 1:00
* * * * * * * * * * *

* 3 * 16. 20.* 0 0.* 16. 20.* 836. 1053. * 53.5 * 34. * 0. * 2. * 1. * 2:00
* * * * * * * * * * *

* 4 * 11. 14.* 0 0.* 11. 14.* 605. 763.* 53.6 * 24, * 0. * 2. * 0. * 3:00
* * * * * * * * * * *

* 5 * 18. 22.* 0 0.* 18. 22.* 952. 1199.* 53.4 * 38. * 0. * 3. 1. * 4:00
* * * * * * * * * * *

* 6 * 42. 52.*% 0 0.* 42. 52.* 2185. 2754.* 52.6 * 88. * 1. * 7. % 2. * 5:00
* * * * * * * * * * *

* 7 * 125. 157.* 0 0.* 125. 157.* 6198. 7810. * 49.8 * 242, * 1. * 20. * 4. * 6:00
* * * * * * * * * * *

* 8 * 174. 219.* 0 0.* 174. 219.* 8342. 10511.* 48.0 * 329. * 2. * 28. * 5. * 7:00
* * * * * * * * * * *

* 9 * 145. 183.* 0 0.* 145. 183.* 7126. 8979. * 49.0 * 279. * 2. * 23. * 4. * 8:00
* * * * * * * * * * *

* 10 * 122. 154.* 0 0.* 122. 154.* 6081. 7662. * 49.9 * 238. * 1. * 19. = 4. * 9:00
* * * * * * * * * * *

* o110 135. 170.* 0 0.* 135. 170.* 6661. 8393. * 49.4 = 261. * 2. * 21, * 4. *10:00
* * * * * * * * * * *

* 12 125. 158. * 0 0.* 125. 158.*  6222. 7839. * 49.8 * 243. * 2. * 20. * 4. *11:00
* * * * * * * * * * *

* 13 * 129. 162.* 0 0.* 129. 162.* 6391. 8053. * 49.6 * 250. * 2. * 20. * 4. *12:00
* * * * * * * * * * *

* 14 > 139. 175.* 0 0.* 139. 175.* 6850. 8631. * 49.3 * 268. * 2. * 22. * 4. *13:00
* * * * * * * * * * *

* 15 * 169. 212.* 0 0.* 169. 212.* 8127. 10240.* 48.2 * 320. * 2. * 27. * 5. *14:00
* * * * * * * * * * *

* 16 * 212. 267.* 0 0.* 212. 267.* 9906. 12482.* 46.7 * 393. * 3. * 34, * 6. *15:00
* * * * * * * * * * *

* 17 293. 369. * 0 0.* 293. 369.* 12866. 16211.* 43.9 * 517. * 4. * 47. * 7. *16:00
* * * * * * * * * * *

* 18 * 377. 475.* 0 0.* 377. 475.* 15510. 19542.* 41.2 = 632. * 5. * 60. * 8. *17:00
* * * * * * * * * * *

* 19 * 220. 278.* 0 0.* 220. 278.* 10221. 12879.* 46.4 = 406. * 3. * 35. * 6. *18:00
* * * * * * * * * * *

* 20 * 139. 175.* 0 0.* 139. 175.* 6826. 8601. * 49.3 * 267. * 2. * 22. * 4. *19:00
* * * * * * * * * * *

* 21 100. 126.* 0 0.* 100. 126.* 5066. 6383. * 50.6 * 199. * 1. * 16. * 3. *20:00
* * * * * * * * * * *

* 22 91. 115.* 0 0.* 91. 115.* 4639. 5845. * 51.0 * 183. * 1. * 14. = 3. *21:00
* * * * * * * * * * *

* 23 % 75. 95. % 0 0.* 75. 95.* 3879. 4888. * 51.5 * 154. * 1. * 12, * 3. *22:00
* * * * * * * * * * *

* 24 % 60. 76.* 0. 0.* 60. 76.* 3139. 3956. * 52.0 * 125. * 1. * 10. = 2. *23:00
* * * * * * * * * * *
N T
* * * * * * * * * * *
*TOTAL*  2960. 3729.* 0. 0.* 2960. 3729.*140971. 177623.* 47.6 * 5585. * 36. * 470. * 85. *

* * * * * * * * * * *

NN T

Figure 58. FREQ10 Output—Base Condition
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1 INSTI TUTE OF TRANSPORTATI ON STUDI ES FREQIOPE ~ REL T91 7/ 17/ 98 1:31 PM

UNI VERSI TY OF CALI FORNI A, BERKELEY

SI MULATI ON BEFORE ENTRY CONTROL

**x*% TOTAL MAI NLINE DELAY (VEH HRS) ***** DES|IRED SPEED = 60.0 *****

TIME SLICE DELAY TIME SLICE DELAY TIME SLICE DELAY TIME SLICE DELAY TIME SLICE
1 3.27 2 1.69 3 1.69 4 1.20 5
6 5.09 7 21.21 8 34.62 9 26.53 10
11 23.78 12 21.34 13 22.26 14 24.88 15
16 47.13 17 78.69 18 118. 29 19 49. 96 20
21 15.61 22 13.73 23 10.67 24 8.04

**x*%x TOTAL DELAY = 610.04 VEH HRS *****

1 INSTI TUTE OF TRANSPORTATI ON STUDI ES FREQIOPE ~ REL T91 7117/ 98 1:31 PM

UNI VERSI TY OF CALI FORNI A, BERKELEY

SI MULATI ON BEFORE ENTRY CONTROL

*xxx%x AVERAGE MAI NLI NE DELAY (M N/ VEH) *****

TIME SLI CE DELAY TIME SLI CE DELAY TIME SLI CE DELAY TIME SLI CE DELAY TIME SLI CE DELAY
1 0.33 2 0.31 3 0.31 4 0.30 5
6 0.35 7 0.51 8 0.62 9 0.56 10
11 0.54 12 0.52 13 0.52 14 0.55 15
16 0.71 17 0.92 18 1.14 19 0.73 20
21 0. 46 22 0. 44 23 0.41 24 0.39
**x%% OVERALL AVERAGE DELAY =  0.727 M N VEH *****
1 INSTI TUTE OF TRANSPORTATI ON STUDI ES FREQIOPE ~ REL T91 7117/ 98 1:31 PM

UNI VERSI TY OF CALI FORNI A, BERKELEY

CONTQUR DI AGRAM OF

SPEED

BEFORE ENTRY CONTROL

TIMNE

SLI CE

PNWAOON®O
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THE DIG T LEVELS DENOTE THE FIRST DIG T OF THE OPERATI NG SPEED (EX. 4 MEANS 40-49 MPH).

Figure 58. FREQ10 Output—Base Condition (continued)
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1 INSTI TUTE OF

TRANSPORTATI ON STUDI ES FREQIOPE ~ REL T91 7117/ 98 1:31 PM

UNI VERSI TY OF CALI FORNI A, BERKELEY

CONTQUR DI AGRAM OF

QUEUE LENGTH

BEFORE ENTRY CONTROL

TIMNE
SLI CE

PNWAOON®O

01 02 03 04 05 06

BLANK DENOTES MOVI NG TRAFFI C.  ASTERI SK DENOTES QUEUED VEHI CLES DUE TO MAI NLI NE CONGESTI ON.
M DENOTES QUEUED VEHI CLES DUE TO MERG NG B DENOTES QUEUED VEHI CLES DUE TO MAI NLI NE CONGESTI ON AND
MERG NG (WHEN BOTH QUEUES EXI ST, LENGTH OF DI SPLAY REPRESENTS MAI NLI NE CONGESTI ON.)

1 INSTI TUTE OF

TRANSPORTATI ON STUDI ES FREQIOPE ~ REL T91 7/ 17/ 98 1:31 PM

UNI VERSI TY OF CALI FORNI A, BERKELEY

CONTQUR DI AGRAM OF
VOLUME/ CAPACI TY RATI O
BEFORE ENTRY CONTROL

TINE
SLI CE

PNWAOON®O

THE DIG T LEVELS DENOTE V/C IN VALUES FROM 0 TO 10 ( CORRESPONDI NG TO 0.0 TO 1.0).
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Figure 58. FREQ10 Output—Base Condition (continued)
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The only modification needing to be made for the work zone simulation
is to reduce the capacities during the work hours in the subsection that is
affected by the lane closures. To modify the data set, choose option 4-modify
data set. The modification menu appears.

Then select option 5-input/modify arterial and other optional data.
Press [F1] to edit the optional data screen. Keep all values the same, except
toggle the reduced capacity option to <1> to engage the reduced capacity
algorithm. Press <ENTER> to return to the “Choose your option:” prompt.
Among several edit options at the bottom of the screen is*F8: REDUCED CAP”.
Press [F8] to enter the edit capacity screen. In this case, the lane closureis at the
end of subsection 5, and no other subsections will have a reduced capacity.
Press the [F4] key until the subsection 5 screen is shown. Press [F1] to take the
cursor up to the capacity window. The hours of lane closure were 8:00 am. to
5:00 p.m., which corresponds to time slices 9 through 17. Change the capacities
of time dlices 9 through 17 to “3,860" vph (this capacity results from an
additional 8% from the non-work zone condition found using the adjustment
factors for lateral obstructions). Once back to the “Choose your option”
prompt, press [F10] to return to the optional data screen. If no other changes
need to be made, press [F10] to return to the modification menu.

Note that we previously entered “BASE CONDITION” in the comments
section in the general description edit screen. Select option 1 to edit the general
description edit screen. Press [F1] and toggle down to the comments section.
Edit the comments to read “DURING WORK ZONE’. At the “choose your
option” prompt, press [F10] to return to the modification menu. Then select
option O to return to the main menu. Save the data set using option 2,
overwriting the filename “288SBWZ”. Choose option 5 to run the program. For
the one line identification, type “SH 288 SB WORK ZONE’. Press <ENTER>.
At the operations screen, select option 1-simulation only. The program then
prompts for the output options, and because we have previously defined the
typical output for road user cost studies, choose option 2 to accept the previous
option setup. The program executes the simulation.

The output may be found in the file “freqlOpe.out”. This file can be
viewed in any DOS editor or word processing program. Figure 59 shows a
copy of the output. The most important output for this study is the total
mainline delay in vehicle-hours (for this simulation 1,268.23 vehicle-hours).
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1 INSTI TUTE OF TRANSPORTATI ON STUDI ES FREQIOPE ~ REL T91 7/ 17/ 98 1:32 PM PAGE 1
UNI VERSI TY OF CALI FORNI A, BERKELEY

FFFFFFFFFF RRRRRRRRR EEEEEEEEEE QX 1111 000000
FFFFFFFFFF RRRRRRRRRR EEEEEEEEEE QA D. MAY*Q 111111 000 000
FFF RRR  RRR EEE QR QXX 1111 000 000
FFF RRR  RRR EEE QX QQQ 1111 000 0000
FFFFFFF  RRRRRRRRRR EEEEEEE  QQQQ QQ 1111 000 0 000
FFFFFFF  RRRRRRRRR EEEEEEE  QQQQ QQQ 1111 000 O 000
FFF RRR RRR  EEE QR  QQ Q1111 0000 000
FFF RRR RRR EEE QU QN 1111 000 000
FFF RRR RRR EEEEEEEEEE Q' REGENTS*QQ 1111 000 000
FFF RRR  RRR EEEEEEEEEE Q1988*Q QQQ 11111111 000000

FREQLOPE 288 WORK ZONE

THI'S IS A SIMILATI ON ONLY EXECUTI ON.

THERE ARE 1.0 TIME SLI CES PER HOUR.

WVEAVI NG ANALYSI' S |'S NOT ENGAGED.

NO ALTERNATE ROUTE | S PROVI DED.

SPEED FLOW DATA |'S SUPPLI ED BY THE PROGRAM

THE MAINLI NE DELAY CALCULATION |'S ENGAGED AT 60. MPH.

FUEL DATA ARE SUPPLI ED BY THE PROGRAM

EM SSI ON RATES SELECTED FROM PROGRAM TABLES: 1995 - 85 DEGREES F.

. REDUCED CAPACI TI ES ARE SUPPLI ED BY THE USER.

1 INSTI TUTE OF TRANSPORTATI ON STUDI ES FREQIOPE ~ REL T91 7117/ 98 1:32 PM PAGE 2
UNI VERSI TY OF CALI FORNI A, BERKELEY

CINOI AN R

**x%% | NPUT HAS BEEN COVPLETED *****

1 INSTI TUTE OF TRANSPORTATI ON STUDI ES FREQIOPE ~ REL T91 7117/ 98 1:32 PM PAGE 3
UNI VERSI TY OF CALI FORNI A, BERKELEY SI MULATI ON BEFORE ENTRY CONTROL

kAR kR KRR KR KRR R kKR KRRk KRR KRR Rk kR KRRk kKRR kR KRR kR KRR ARk KRR AR KAk

ARk R KRR KRR KRRk R KRR KRR kKRR kR KRR kKRR kR KRR kKRR kR KRR kR R KRR kR R KRRk KKk

*x
** FREEWAY SUMVARY TABLE
** SI MULATI ON BEFORE CONTROL
*x

NN T

N O N T T T T T T T T e

*TIME * FREEVWAY * RAVP * TOTAL FREEWAY * TOTAL TRAVEL * AVERAGE * GASOLINE * HYDROCARB * CARBON * NI TROUS *BEG N

*SLICE* TRAVEL TIME * DELAY * TRAVEL TIME * DI STANCE * SPEED * CONSUMED * EM SSIONS * MONOXIDE * OXIDES * TIME
e T T
* * VEH HR PAS-HR * VEH HR PAS-HR * VEH HR PAS-HR * VEHM PAS-M * MPH  *  GALLONS * KI LOGRAMS * KI LOGRAMS* KI LOGRAMS*
* * * * * * * * * * *
* 1= 28. 36.* 0. 0.* 28. 36.* 1507. 1898. * 53.1 * 61. * 0. * 5. * 1. * 0:00
* * * * * * * * * * *
* 2 * 16. 20.* 0. 0.* 16. 20.* 836. 1053. * 53.5 * 34. * 0. * 2. * 1. * 1:00
* * * * * * * * * * *
* 3 * 16. 20.* 0 0.* 16. 20.* 836. 1053. * 53.5 * 34. * 0. * 2. * 1. * 2:00
* * * * * * * * * * *
* 4 * 11. 14.* 0 0.* 11. 14.* 605. 763.* 53.6 * 24, * 0. * 2. * 0. * 3:00
* * * * * * * * * * *
* 5 * 18. 22.* 0 0.* 18. 22.* 952. 1199.* 53.4 * 38. * 0. * 3. 1. * 4:00
* * * * * * * * * * *
* 6 * 42. 52.*% 0 0.* 42. 52.* 2185. 2754.* 52.6 * 88. * 1. * 7. % 2. * 5:00
* * * * * * * * * * *
* 7 * 125. 157.* 0 0.* 125. 157.* 6198. 7810. * 49.8 * 242. * 1. * 20. * 4. * 6:00
* * * * * * * * * * *
* 8 * 174. 219.* 0 0.* 174. 219.* 8342. 10511.* 48.0 * 329. * 2. * 28. * 5. * 7:00
* * * * * * * * * * *
* 9 * 147. 186. * 0 0.* 147. 186.* 7126. 8979. * 48.4 = 280. * 2. * 23. * 4. * 8:00
* * * * * * * * * * *
* 10 * 123. 155. * 0 0.* 123. 155.* 6081. 7662. * 49.3 * 238. * 1. * 20. * 4. * 9:00
* * * * * * * * * * *
* o110 136. 172.* 0 0.* 136. 172.* 6661. 8393. * 48.8 * 261. * 2. * 22. * 4. *10:00
* * * * * * * * * * *
* 12 % 126. 159. * 0 0.* 126. 159.* 6222. 7839. * 49.2 * 244, * 2. * 20. * 4. *11:00
* * * * * * * * * * *
* 13 * 130. 164. * 0 0.* 130. 164.* 6391, 8053. * 49.0 * 251. * 2. * 21, * 4. *12:00
* * * * * * * * * * *
* 14 % 141. 177.* 0 0.* 141. 177.* 6850. 8631. * 48.6 * 269. * 2. * 22. * 4. *13:00
* * * * * * * * * * *
* 15 * 172. 216.* 0 0.* 172. 216.* 8127. 10240.* 47.4 = 321. * 2. * 27. * 5. *14:00
* * * * * * * * * * *
* 16 * 218. 275.* 0 0.* 218. 275.*% 9906. 12482.* 45.5 * 395. * 3. * 35. * 6. *15:00
* * * * * * * * * * *
* 17 656. 826. * 365. 461.* 1021. 1287.* 11721. 14768.* 17.9 * 776. * 14. * 145. * 9. *16:00
* * * * * * * * * * *
* 18 * 643. 811.* 365. 461.* 1009. 1271.* 16027. 20195.* 24.9 * 883. * 14. * 148. * 12.  *17:00
* * * * * * * * * * *
* 19 * 220. 278.* 0 0.* 220. 278.* 10221. 12879.* 46.4 = 406. * 3. * 35. * 6. *18:00
* * * * * * * * * * *
* 20 * 139. 175.* 0 0.* 139. 175.* 6826. 8601. * 49.3 * 267. * 2. * 22. * 4. *19:00
* * * * * * * * * * *
* 21 100. 126.* 0 0.* 100. 126.* 5066. 6383. * 50.6 * 199. * 1. * 16. * 3. *20:00
* * * * * * * * * * *
* 22 91. 115.* 0 0.* 91. 115.*  4639. 5845. * 51.0 * 183. * 1. * 14. = 3. *21:00
* * * * * * * * * * *
* 23 % 75. 95. % 0 0.* 75. 95.* 3879. 4888. * 51.5 * 154. * 1. * 12, * 3. *22:00
* * * * * * * * * * *
* 24 % 60. 76.* 0. 0.* 60. 76.* 3139. 3956. * 52.0 * 125. * 1. * 10. = 2. *23:00
* * * * * * * * * * *
N T
* * * * * * * * * * *
*TOTAL*  3607. 4545, * 731. 921.* 4338. 5466. *140344. 176833. * 38.9 * 6102. * 56. * 660. * 90. *
* * * * * * * * * * *

kAR kKRR KR KRR KRR kKRR KRR kKRR KRR kKRR kKRR kKRR R kR KRR kKRR AR R KRR kKRR R ARk R KRRk KAk

Figure59. FREQ10 Output—-Work Zone
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1 INSTI TUTE OF TRANSPORTATI ON STUDI ES
UNI VERSI TY OF CALI FORNI A, BERKELEY

*xxx%x TOTAL MAI NLINE DELAY (VEH HRS) *****

TIME SLICE

1
6
11
16
21

DELAY

3.27
5.09
25.48
52.78
15.61

TIME SLICE DELAY
2 1.69

7 21.21

12 22.76

17 460. 49

22 13.73

**x*%x TOTAL DELAY = 1268.23 VEH HRS *****

1 INSTI TUTE OF TRANSPORTATI ON STUDI ES
UNI VERSI TY OF CALI FORNI A, BERKELEY

TIME SLICE

FREQIOPE ~ REL T91
SI MULATI ON BEFORE ENTRY CONTROL
DESI RED SPEED = 60.0 *****

TIME SLICE DELAY
3 1.69
8 34.62
13 23.79
18 376.19
23 10.67

FREQIOPE ~ REL T91

SI MULATI ON BEFORE ENTRY CONTROL

*xxx%x AVERAGE MAI NLI NE DELAY (M N/ VEH) *****

TIME SLI CE DELAY

1
6
11
16
21

**x*% OVERALL AVERAGE DELAY =

0
0
0.58
0
0

TIME SLI CE DELAY

2
7

17
22

1 INSTI TUTE OF TRANSPORTATI ON STUDI ES
UNI VERSI TY OF CALI FORNI A, BERKELEY

CONTQUR DI AGRAM OF

SPEED

BEFORE ENTRY CONTROL

TIMNE

SLI CE

PNWAOON®O

0
0
12 0.
6
0

TIME SLI CE DELAY

3.662 M N VEH *****

4

9
14
19
24

TIME SLI CE DELAY
3 0.31 4
8 0.62 9
13 0.56 14
18 3.59 19
23 0.41 24
FREQIOPE ~ REL T91

7/ 17/ 98

DELAY

1.20
28.58
26.71
49. 96

8.04

7117/ 98

1:32 PM

TIME SLICE

10

20

1:32 PM

TIME SLI CE DELAY

0
0
0.59
0
0

7117/ 98

10

20

1:32 PM

. 4444444444444444444444444444444444444444444444444444444455555555555555555554444444444444444444444444,
. 4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444,

11111111111444444444

444444444444444.

. 11111111111111111100000000000000000002222222222444444444444444
. 4444444444444444444444444444444444444444444444444444444444444444444444444443333333333444444444444444
. 4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444
. 4444444444444444444444444444444444444444444444444444444455555555555555555554444444444444444444444444
. 4444444444444444444444444444444444444444444444444444444455555555555555555554444444444444444444444444
. 4444444444444444444444444444444444444.
. 4444444444444444444444444444444444444444444444444444444455555555555555555554444444444444444444444444
. 4444444444444444444444444444444444444,
. 4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444
. 4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444
. 4444444444444444444444444444444444444.

4444444444444444444444444,

4444444444444444444444444,

01

02

03

04

05

THE DIG T LEVELS DENOTE THE FIRST DIG T OF THE OPERATI NG SPEED (EX. 4 MEANS 40-49 MPH).

Figure59. FREQ10 Output-Work Zone (continued)
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1 INSTI TUTE OF

TRANSPORTATI ON STUDI ES FREQIOPE ~ REL T91 7/ 17/ 98 1:32 PM

UNI VERSI TY OF CALI FORNI A, BERKELEY

CONTQUR DI AGRAM OF

QUEUE LENGTH

BEFORE ENTRY CONTROL

TIMNE
SLI CE

I T T T T T

PNWAOON®O

01 02 03 04 05 06

BLANK DENOTES MOVI NG TRAFFI C.  ASTERI SK DENOTES QUEUED VEHI CLES DUE TO MAI NLI NE CONGESTI ON.
M DENOTES QUEUED VEHI CLES DUE TO MERG NG B DENOTES QUEUED VEHI CLES DUE TO MAI NLI NE CONGESTI ON AND
MERG NG (WHEN BOTH QUEUES EXI ST, LENGTH OF DI SPLAY REPRESENTS MAI NLI NE CONGESTI ON.)

1 INSTI TUTE OF

TRANSPORTATI ON STUDI ES FREQIOPE ~ REL T91 7/ 17/ 98 1:32 PM

UNI VERSI TY OF CALI FORNI A, BERKELEY

CONTQUR DI AGRAM OF
VOLUME/ CAPACI TY RATI O
BEFORE ENTRY CONTROL

TINE
SLI CE

PNWAOON®O

THE DIG T LEVELS DENOTE V/C IN VALUES FROM 0 TO 10 ( CORRESPONDI NG TO 0.0 TO 1.0).

.111111111111112111121111211111111121111111121111211111111111111111111121111111111111111121111111111111111111
©11111111111111211112111121111111112111111112111121111111111111111111111111111111111111121111111111111111111
11111111111111111111111111111

44444444444444444444444444444444444444444444444444444444444444,
TTTTTTITIIIIII7777 TTTTTTITIITTT7
4444444444444444444444444444444444444% %% **%%**555555555555555,

A44444444444444444 A44444444444444

A44444444440044444044444400044444004444 7777777777

A44444444440044444044444400044444004444 A444444444444444

©111111111111211111112111111111111111111100000000000000000000000000000000000000000000000111111111111111
.0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
.0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
.0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
.0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
.0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

01 02 03 04 05 06

Figure59. FREQ10 Output-Work Zone (continued)
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Step 3. Calculate additional delay and estimated road user cost.
The daily additional road user delay due to the work zoneis:

1,268.23 610.04 = 658.19 vehicle-hours
And the associated daily road user cost is:
658.19 veh-hrs x 14.97 $/veh-hrs (1997 vaue of time) = $9,853.10 or $9,900
Step 6: Document Results
In a short technical memorandum, document the following: construction
sequencing, modeling techniques, traffic demands (with counts included at the
end of the memorandum, if necessary), delay results (report vehicle-hours of

delay for each time period and construction phase), the current value of time,
and the summary of estimated road user cost for each construction phase.
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