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URBAN STREETS RELIABILITY ENGINE
USER GUIDE

Chapter 1. Introduction

This document provides guidance for the use of the Urban Streets Reliability Engine (USRE). It is a
software tool that supports the evaluation of a facility’s reliability of service, in terms of its operational
performance over an extended time period. The software is distributed as a Microsoft Excel ® workbook
using the Visual-Basic-for-Applications (VBA) programming language.

The user guide consists of two chapters. The first chapter provides an introduction to the tool and
describes its correct use. The second chapter describes the evaluation process in terms of the analysis
steps and the data needed for a typical facility evaluation. The guide also contains an appendix that
provides supplemental guidance for assigning reported crashes to intersections and streets.

OVERVIEW

The USRE (hereafter referred to as the “tool”) was developed to predict the operational performance of a
facility for each of many small time periods that collectively represent traffic conditions during several
consecutive months. The predictions are used to describe the distribution of various performance
measures, notably travel time, over the duration of interest. The distribution provides an indication of the
degree to which the facility provides reliable service.

There are two methodologies implemented in the tool. The reliability methodology is used to estimate
traffic, signal, road, and weather conditions for each of the small time periods. The estimates are based on
historic changes in these conditions over time, with recognition that there is also a random component to
these changes in terms of when and where they occur, as well as their magnitude or duration. This
methodology is documented in Reference (1).

The second methodology is that documented in Chapters 16, 17, and 18 of the 2010 Highway Capacity
Manual (HCM) (2). For this reason, it is referred to as the HCM methodology. It is used to predict facility
travel time and other performance measures for each small time period, based on its estimated traffic
signal, road, and weather conditions.

This guide is developed as a companion document for the Travel Time Reliability Guidebook
(Guidebook) (3). The Guidebook provides the information needed to fully understand and apply the
reliability methodology. Specifically, it identifies the required input data, describes the methodology,
provides default values, outlines some typical applications, and provides a detailed example problem.
Analysts are encouraged to read the Guidebook before using the tool.
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Evaluation Scope

The tool is intended to be used to quantify the reliability of service provided by an urban street facility in
terms of its operational performance over an extended period of time. The evaluation is focused on the
performance of automobile and truck traffic, and does not directly address the performance of other urban
street travel modes. The urban street facility can be either an arterial or collector street. Each segment on
the facility is bounded by a signalized intersection.

The reliability methodology can be used to evaluate the following sources of unreliable travel time on
urban street facilities.

e Traffic incidents,

o Work zones,

e Demand fluctuations,

e Special events,

e Traffic control devices,
e Weather, and

¢ Inadequate base capacity.

These sources can result in the formation of oversaturated operation for extended periods of time.

Traffic demand fluctuations are represented in the reliability methodology in terms of systematic demand
volume variation by hour of day, day of week, and month of year. Fluctuations due to diversion are not
addressed by the methodology.

Traffic control devices are represented in the HCM methodology in terms of the influence of speed limit
and traffic signal operation on facility travel time. This sensitivity can be used to evaluate the quality of
the signal timing plan, and the relative benefits of pretimed or coordinated-actuated operation. The effect
of traffic responsive or adaptive signal operation is not addressed by the methodology.

Inadequate base capacity is represented in the reliability methodology in terms of the potential for a
signalized intersection to act as a bottleneck to traffic flow along the facility. This result may be due to a
lane being dropped at the intersection, insufficient numbers of intersection approach lanes, or
misallocation of cycle time. The effect of a mid-segment lane drop or weaving section is not addressed by
the methodology.

Limitations

The reliability methodology does not address some events (or conditions) that that influence urban street
operation. The inability to quantify the influence of an event or condition on traffic operation represents a
limitation of the methodology. This subsection identifies the known limitations of the reliability
methodology. If one or more of these limitations is believed to have an important influence on the
performance of a specific facility, then the analyst should consider using alternative evaluation methods
or tools.

The reliability methodology does not directly account for the effect of the following conditions on facility
operation.

e Truck pick-up and delivery,
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e Signal malfunction,

¢ Railroad crossing,

o Railroad preemption

e Signal plan transition, and

e Fog, dust storms, smoke, or high winds.

Lane or shoulder blockage due to truck pick-up-and-delivery activities in downtown urban areas can also
be considered incident-like in terms of the randomness of their occurrence and the temporal extent of the
event. The dwell time for these activities can range from 10 to 20 min.

A signal malfunction occurs when one or more elements of the signal system are not operating in the
intended manner. These elements include vehicle detectors, signal heads, and controller hardware. A
failure of one or more of these elements typically results in poor facility operation.

A railroad crossing the facility at a mid-segment location effectively blocks traffic flow while the train is
present. Train crossing time can be lengthy (i.e., typically 5 to 10 minutes), and can cause considerable
congestion that can extend for one or more analysis periods.

Railroad preemption is used when a train crosses a leg of a signalized intersection. The signal operation is
initially disrupted to safely clear the tracks. It then dwells in a specified phase sequence while the train is
present. Signal coordination may be disrupted for several cycles following train clearance.

When a new timing plan is invoked, the controller goes through a transition from the previous plan to the
new plan. The transition period can last several cycles, during which traffic progression is significantly
disrupted.

Some weather conditions that restrict driver visibility or degrade vehicle stability are not addressed by the
methodology. These conditions include fog, dust storms, smoke, and high winds. They tend to be
localized to specific areas of the country and are relatively rare in occurrence.

The reliability methodology uses the HCM methodology to quantify facility performance during each
scenario. For this reason, the reliability methodology shares the limitations of the HCM methodology.
These limitations are described in Section 1 of Chapters 16, 17, and 18 of the HCM 2010.

Software Limits

The tool can accommodate data for eight segments and nine signalized intersections. If a given project
exceeds one or more of these limits, the analyst will need to subdivide the project into two or more
sections such that each section does not exceed the limits.

The tool can address the occurrence of up to seven work zones, special events, or both. The total number
of work zones and special events cannot exceed seven.

TERMINOLOGY
This section defines many of the terms used in this document. Those terms that are not listed are defined
in Chapter 9 of the HCM 2010.

Analysis Period
The analysis period is the time interval evaluated by a single application of the HCM methodology.
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HCM Dataset

The input data needed to evaluate an urban street facility using the HCM methodology. These data are
also needed for the reliability methodology. They are described in Chapter 17 of the HCM, and are
referred to herein as a “HCM dataset.” One dataset describes the geometry and signal timing conditions
for the intersections and segments on the facility during one representative study period. The demand
volumes recorded in a dataset describe conditions for a specified hour of the day and date of the year.
Alternatively, they can be stated to represent the average day of the year if they are derived from an
AADT volume.

For many reliability evaluations, there will be two or more HCM datasets. One HCM dataset describes
“base” conditions. It is called the base dataset. It is required for a reliability evaluation. The base
conditions describe demand volume, geometry, and signal timing conditions when work zones and special
events are not present. The demand volume for base conditions should be representative of good weather
(i.e., it should not represent traffic movement counts during rain or snow storms).

Additional HCM datasets are used, as needed, to describe conditions when a specific work zone is present
or when a special event occurs. These datasets are called the alternative datasets. They are optional. One
alternative dataset is used for each time period during the reliability reporting period when a specific work
zone is present, a specific special event occurs, or a unique combination of these occurs during the study
period.

Scenario

A scenario is a unique combination of traffic demand, geometry, and traffic control conditions. It can
represent one or more analysis periods, provided that all periods have the same unique combination of
demand, capacity, geometry, and traffic control.

Study Period
The study period is a time interval (within a day) that is represented by the performance evaluation. It
consists of one or more consecutive analysis periods.

Reliability Reporting Period
The reliability reporting period describes the specific days over which reliability is to be computed. For
example, this might be all non-holiday weekdays in a year.

Special Event

Short-term events, such as major sporting events, concerts, and festivals that produce intense traffic
demands on a facility for limited periods of time, which may be addressed by temporary changes in the
facility’s geometry, traffic control characteristics, or both.

GETTING STARTED
This section provides an introduction to the tool and describes its correct use. It consists of the following
five subsections.

e Enabling Macros: guidance for setting spreadsheet security to enable macros.
o Navigation: guidance for selecting and using the worksheets.
e Entering Data: guidance for entering data in a worksheet.

¢ Reviewing Results: guidance for reviewing, saving, and printing results.
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e Modifying Calibration Factors and Default Values: guidance for calibrating the tool to local
conditions.

¢ File Management: guidance for saving and deleting files created by the tool.

Enabling Macros

The tool contains VBA computer code to automate the calculations. This code is referred to as “macro”
code in Excel ®. It must be enabled when first loading the tool into Excel. This subsection describes a
technique for enabling macros. The technique varies depending on the version of Excel being used.

Enabling Macros in Excel 2003

The following instruction sequence enables macros for Excel 2003. Open the Excel software. From the
main screen, click on Tools and then Options. In the Options panel, click on Security, and then click
Macro Security. In the Security panel, click on Security Level, and then click the radio button adjacent to
Medium (the button will show a black circle). Finally, click Ok to exit the Security Level panel and click
Ok to exit the Options panel. This setting should only need to be set once. It will remain effective until
this process is repeated and a new security level is selected. x|

"Ci\Documents and Settings\user1\My Documentsiuser\SHRP LOS\Task 7_
ModelsiUSREVCopy of Urban_Street_Scenario_Generatar-7d. xls" contains

Every time the tool is opened in Excel, the pop-up box shown to
the right will be displayed. The analyst should click on Enable

Macros The tool Wl” flnlsh Ioadlng and Wl” fu nCthn aS |ntended Macros may contain viruses, It is usually safe ko disable macros, but if the

macros are legitimate, you might lose some Functionality,

Enablin g Macros in Excel 2007 or 2010 T Disable Marras 4 EnableMacros | More Infa |

The following instruction sequence enables macros for Excel

2007 or 2010. For Excel 2007, open the Excel software. From the main screen, click on the Office Button
and a panel will be displayed. In this panel, click the Excel Options button to bring up the Excel Options
panel. For Excel 2010, click on File, then click on Options to bring up the Excel Options panel.

For Excel 2007 or Excel 2010, while in the Excel Options panel, click on Trust Center, and then click on
Trust Center Settings to bring up the Trust Center panel. In this panel, click on Macro Settings and then
click the radio button adjacent to “Disable all macros with notification” (the button will show a black
circle). Finally, click Ok to exit the Trust Center panel and click Ok to exit the Excel Options panel. This
setting should only need to be set once. It will remain effective until this process is repeated and a new
security level is selected.
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Every time the tool is opened in Excel, a security warning is displayed. It is shown near the top in the
following graphic for Excel 2010. A similar message is shown in Excel 2007. In Excel 2007, the analyst
should click on the Options button, click on “Enable this content,” and then click Ok. In Excel 2010, the
analyst should click on the Enable Content button.

= Urban_Street_Scenario_Generator-8e.xls [Compatibility Mode] - Microsoft Excel = B EX
ITL,ile'rt PagiJ_';‘aPtout Fo:’i‘ﬁlas [Ei_‘t“a R?EW Vﬁ Ac'ulij?at =2 r@ S
! Security Warning  Some active content has been disabled. Click for more details. Enable Content x
Al ¥, I v
A B c D E E G H J K L M e
am
2 =
; Urban Street Travel Time Reliability
4 Using the 2010 Highway Capacity Manual
5
6 v
M 4 M| Welcome  SetUp Fadlity Evaluation Performance Summary Input Echo Input Echo (2) Weather gf4 [ i Al
Ready | |[EE M 100k (=) y!
Navigation

The tool contains 12 worksheets. To navigate among worksheets, click on the worksheet tabs at the
bottom of the workbook window. The worksheets are identified in the following list.

Welcome: includes a foreword and instructions.

Set Up: basic input data, name of each detailed input data file, start scenario generation.
Facility Evaluation: input data describing evaluation interval, start scenario evaluation.
Performance Summary: input data describing measure of interest, start performance summary.
Input Echo: listing of the data in a detailed input data file.

Weather: detailed listing of the predicted weather characteristics for each analysis period.
Demand: detailed listing of the demand variation factors applicable to each analysis period.
Incident: detailed listing of the predicted incident characteristics for each analysis period.
Calib-Weather: calibration factors and default data for weather.

Calib-Demand: calibration factors and default data for demand volume.

Calib-Incident: calibration factors and default data for incidents

Analysis: statistical analysis of results from multiple runs.

The Set Up, Facility Evaluation, and Performance Summary worksheets will be used for every evaluation
in the order listed. Optionally, the Weather, Demand, or Incident worksheets could be used to examine
detailed results for one or more specific analysis periods. The three calibration worksheets should be used
to adjust the calibration factors, replace the default data, or both to reflect local conditions.
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Entering Data

Data are entered in the Set Up, Facility Evaluation, and Performance Summary worksheets. The basic
data entry considerations are the same for each worksheet. A sample portion of the Set Up worksheet is
shown in Figure 1 to illustrate these considerations. The guidance offered in this section applies to all
input worksheets.

Scenario Generation for HCM Urban Street Evaluation Software
General Information

Location: _Texas Avenue, Austin, Texas Analyst: |JHD
Nearestcity: | |INCOLN, NE =|ox Start Calculations
Functional class: Urban Principal Arterial j Shoulders present on facility? | Yes : :

= |ok Number of analysis periods: 9
Input File Names Number of unigue volume scenarios: 9
Path: C:\Documents and Settings\user1\My Documents\use\SHRP L08\Task 7_ Models\input_files\ Computer time estimate, min: 0.0
Base: TexasAM2 |Date of traffic count: | 1/4/2011 |Slarling hour of count: | 7
\Work Zone and Special Event File Names M
Alternative 1: | TexasAM2-al Description: |Work zone on EB approach to Int. 2, one lane closed Echo Input Files
Alternative 2: 1. Select the file you want to echo.
Alternative 3: I Base input file Ll
Alternative 4:
Alternative 5: 2. Click the button below.
Alternative 6:
Alternative 7: Echo Input

Basis of alt. traffic vol.: 1

Figure 1. Set Up Worksheet.

In all input worksheets, the cells with a light blue background are for user input. The white cells and grey
cells are not for input, so they are locked to prevent inadvertent changes to cell content.

The red triangles in the upper right corner of some cells are linked to supplemental information balloons.
Red triangles are shown for four cells in Figure 1. By positioning the mouse pointer over a red triangle, a
balloon will appear. In it will be information relevant to the adjacent cell. 1t will typically explain more
precisely what input data are needed.

A drop-down list is provided for some cells with a light-blue background. When one of these cells is
selected, a grey button will appear on the right side of the cell. Position the mouse pointer
over the button and click the left mouse button. After clicking on this button, a list of
input choices will appear. Use the mouse pointer to select the desired choice, and then
click the left mouse button.

The section of Figure 1 titled General Information shows two drop-down windows. On the right side of
each list there is a grey button. Position the mouse pointer over the button and click the left mouse button.
After clicking on this button, a list of input choices will appear. Use the mouse pointer to select the
desired choice. Then click the left mouse button.

On the right side of Figure 1 are two grey buttons. One button is labeled “Start Calculations.” Clicking on
it will initiate the scenario generation process. A similar, process-starting button is provided in the
Facility Evaluation worksheet and the Performance Summary worksheet. After clicking a process-starting
button, progress through the calculation sequence can be monitored by viewing the counter in the lower
left corner of the Excel software (i.e., the status bar). The text “Ready” is shown before the button is
clicked. A numeric counter is shown after the button is clicked.

The second button is labeled “Echo Input.” It will list the data in a selected input file. The file of interest
is identified using the drop-down list just above the Echo Input button. The listing will be displayed in the
Input Echo worksheet.
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Reviewing Results

This subsection provides guidance for reviewing and saving the evaluation results. The summary results
are shown in the Performance Summary worksheet. In addition to summary results, this worksheet also
lists the performance measure for every analysis period (i.e., scenario) in the reliability reporting period.
A detailed listing of the predicted weather characteristics, demand variation factors, and incident
characteristics for each analysis period is provided in the Weather, Demand, and Incident worksheets,
respectively.

The evaluation results can be saved by saving the entire workbook. The File, Save As menu sequence
should be selected and a new file name entered when prompted (i.e., avoid overwriting the original
workbook). Alternatively, the results from the Performance Summary worksheet can be copied and pasted
into another worksheet for supplemental data summary, aggregation, or plotting.

Modifying Calibration Factors and Default Values

The reliability methodology has been developed using data from facilities in several urban areas. In many
instances, these data are represented in the tool as calibration factors or default values. Adjusting these
factors and values to local conditions will account for any differences between the facilities used for
development and those being evaluated. It ensures that the evaluation results are meaningful and accurate
for the jurisdiction.

The calibration factors and default values are located in the Calib-Weather, Calib-Demand, and Calib-
Incident worksheets (i.e., the calibration worksheets). Most of the variables identified in these worksheets
are considered to be default values because they have been found to notably influence the evaluation
results, and they are typically available from archival databases or simple field measurements. A
description of the default values is provided in the Guidebook (3).

A few of the variables in the calibration worksheets are considered to be calibration factors because they
have a relatively nominal effect on the evaluation results, or they are not readily available or easily
measured in the field. Background information about the calibration factors is provided in the project final
report (1).

File Management

One base dataset and, optionally, up to seven alternative datasets are used by the tool to generate the
conditions present for each analysis period (i.e., scenario). The base and alternative datasets are created
by the analyst and saved in a folder. The path to this folder is input by the analyst in the Set Up
worksheet. Specifically, it is input in the first row below the section labeled “Input File Names,” as shown
in Figure 1. The file name for the base file is input in the next row down. The file name for each of the
alternative datasets is input in the rows below the subsection labeled “Work Zone and Special Event File
Names,” as shown in Figure 1. Guidance for setting up the file structure is provided in Appendix C.

After the button labeled “Start Calculations” is clicked, the tool generates one new dataset for each
analysis period in the reliability reporting period. Each dataset is saved in a file using a file name with a
“.txt” extension. The file name includes the text of the file name associated with the base (or alternative)
dataset used to create the new dataset. In addition, the file name is expanded to include the date and
starting time of the corresponding analysis period. Each file generated in this manner is saved in the same
folder as is the base dataset. The typical reliability evaluation will generate several thousand of these files.

After the button labeled “Evaluate Scenarios” is clicked, the tool evaluates each analysis period using the
HCM methodology. The results from each evaluation are saved in a file using the same file name as the
input value but with the extension “.out”. Thus, there is one “.out” file for each “.txt” file. Each file
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generated in this manner is saved in the same folder as is the base dataset. The typical reliability
evaluation will generate several thousand of these files. Appendix C describes the file name convention
and format of these files.

The analysis period dataset files, and the associated results files, should be deleted when the evaluation is
complete. Alternatively, they can be archived using a file-compression utility.
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Chapter 2. Evaluation Process

This chapter describes the activities undertaken during the evaluation of an urban street facility. The first
section describes the sequence of evaluation activities in the order they are conducted. These activities are
outlined as a series of analysis steps. The second section describes the data input requirements for the
reliability methodology. The third section describes the data entry process using the tool. The fourth
section describes results obtained from the evaluation.

The evaluation will require the creation of a base dataset and, optionally, one or more alternative datasets.
The Urban Streets Computational Engine (USCE) is used for this purpose. The USCE is a software tool
that implements the HCM methodology. The software is packaged as a Microsoft Excel ® workbook
using the Visual-Basic-for-Applications programming language. Guidance for using the USCE to create
the base dataset is provided in Appendix B.

The predicted operational performance is summarized as the last step of the evaluation process. This
performance is described in terms of the distribution of a selected performance measure, such as facility
travel time. Improvement strategies can be devised, and then evaluated through repetition of this process.

ANALYSIS STEPS

This section outlines the steps involved in a safety evaluation using the tool. The steps are considered to
be the routine steps that are used each time a safety evaluation is undertaken. These steps are identified in
the following list.

1. Define purpose and scope.
2. Divide facility into individual segments.
3. Acquire input data.
4. Initiate calculations and review results.
Detailed information about each step is provided in the following subsections.
Step 1—Define Purpose and Scope
The purpose and scope of the evaluation are defined in this step. The purpose defines the nature and

extent of the operational problems on the facility, and the anticipated use of the information obtained
from the evaluation (e.g., quantify problem, diagnose main causes, devise strategies, etc.).

The scope of the evaluation is used to define the spatial and temporal extent of the evaluation. The spatial
extent is characterized by the project limits, which define the physical extent of the facility being
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evaluated (i.e., the number of consecutive segments). The temporal extent of the evaluation is defined by
the duration of the analysis period, the hours of the day spanned by the study period, and the days of the
year spanned by the reliability reporting period. The reliability reporting period is also defined by the
days of the week to be considered in the evaluation.

Step 2—Divide Facility into Individual Segments

Using the project limits identified in Step 1, the facility is divided into segments with each segment being
bounded by a signalized intersection. Segments are internal to the facility and have signalized boundary
intersections. The evaluation considers both directions of travel on a segment (when the segment serves
two-way traffic flow).

Step 3—Acquire Input Data

Input data are acquired during this step. Required input data include that data normally needed to apply
the Urban Street Segment methodology in Chapter 17 of HCM 2010. These data are needed to create the
base dataset.

If work zones or special events occur during the reliability reporting period, then additional data are
needed. Specifically, one alternative dataset is created for each work zone or special event. The analyst
must specify any changes to base conditions (e.g., demand, traffic control, available lanes) associated
with the work zone or special event, along with a schedule for when the alternative dataset is in effect.
For example, if a work zone exists during a given month, then an alternative dataset is used to describe
average conditions for the analysis period during that month. Work zones that exist at the same time as a
special event must be described using one alternative dataset.

In addition to the HCM datasets, the reliability methodology requires some input data to describe the
reliability evaluation. These data are needed to define the time period (i.e., temporal scope) of the
evaluation, characterize the project location, and describe the crash history of each street and intersection
along the facility.

The specific data elements needed are described in the section titled Input Data Requirements. The means
by which they are entered into the tool is described in the section titled Data Entry.

Step 4—Initiate Calculations and Review Results

The calculations proceed in sequence through the scenario generation, facility evaluation, and
performance summary stages of the evaluation process. The scenarios are generated first by clicking on
the “Start Calculations” button in the Set Up worksheet. This button is shown in Figure 1.

Once the scenarios have been generated, the analyst moves to the Facility Evaluation worksheet and
clicks on the “Evaluate Scenarios” button. This action initiates the evaluation of each scenario.

Finally, the analyst moves to the Performance Summary worksheet and clicks the “Summarize Results”
button. This action initiates the process of gathering the selected performance measure data from the
results files and summarizing it using selected distribution statistics.

Additional information about the Set Up, Facility Evaluation, and Performance Summary worksheets is
provided in the section titled Data Entry.

When the three stages are complete, the analyst can examine the performance measure summary statistics
to evaluate the overall operational performance of the facility. If more insight is needed about specific
time periods, the predicted performance measure for each analysis period is available for examination.
Details about the predicted weather, demand volume, or incidents during specific analysis periods can be
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examined in the Weather, Demand, or Incident worksheets, respectively. Additional information about the
evaluations results is provided in the section titled Results Review and Interpretation.

INPUT DATA REQUIREMENTS

There are two types of required input data needed for the tool. One type of data is that normally needed to
apply the Urban Street Segment methodology in Chapter 17 of HCM 2010. These data are needed to
create the base dataset and, optionally, the alternative datasets. These data are described in the HCM.

The second type of input data is that needed for the reliability evaluation. These data are listed in Table 1.
They are the focus of discussion in this section.

Table 1. Input Data

Category Variable

General Nearest city
Functional class

Traffic counts Date and time of traffic count for base dataset
Date and time of traffic count for alternative dataset
Peak hour factor

Geometry Presence of shoulders
Time period Analysis period duration
Study period

Reliability reporting period
Alternative dataset operating period

Crash Segment crash frequency
Intersection crash frequency
Crash frequency adjustment factors

Nearest City
Of interest to the reliability evaluation are the weather statistics identified in the following list. The
methodology uses these statistics when they are averaged by month of year for a recent 10-year period.

e Total normal precipitation (inches),

o Total normal snowfall (inches),

e Number of days with precipitation of 0.01 inches or more (days),
e Normal daily mean temperature (°F), and

e Precipitation rate (inches/h).

The nearest city input is used to identify the typical weather conditions for the subject facility. Default
values are available in the tool for 284 U.S. cities and territories. The first four statistics listed are
published by the National Climatic Data Center (NCDC) (4). The NCDC also publishes the average
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precipitation rate for these locations in the Rainfall Frequency Atlas (5). The NCDC or other weather data
sources can be consulted to obtain the necessary weather statistics for cities for which default values are
desired but not available in the tool.

Precipitation statistics include both rainfall and snowfall, where snowfall is measured by its liquid
equivalent.

Functional Class

The functional class of the subject facility is used to estimate the traffic volume during each of the various
scenarios that comprise the reliability reporting period. Specifically, it is used to determine the
appropriate traffic volume adjustment factors for each scenario. The functional classes that are considered
are identified in the following list.

e Urban expressway,
e Urban principal arterial street, and

e Urban minor arterial street.

An urban principal arterial street emphasizes mobility over access. It serves intra-area travel, such as that
between a central business district and outlying residential areas, or that between a freeway and an
important activity center. It is typically used for relatively long trips within the urban area, or through
trips that are entering, leaving, or passing through the city. An urban minor arterial street provides a
balance between mobility and access. It interconnects with, and augments, the urban principal arterial
street system. It is typically used for trips of moderate length within relatively small geographic areas (6).

Default month-of-year, hour-of-day, and day-of-week adjustment values are provided for each functional
class. These values are described in the Guidebook (3).

Date and Time of Traffic Counts

The date and time of the traffic count represented in a HCM dataset is used as a basis for estimating the
traffic demand volume during each of the various analysis periods that comprise the reliability reporting
period. Specifically, the date and time of the count are used to determine the hour-of-day, day-of-week,
and month-of-year factors that are then used to convert the volumes in the base dataset into average-day-
of-year volumes. A similar adjustment is made to the volumes in the alternative datasets.

If the traffic demand volumes provided in the base dataset (and the alternative datasets) are computed
using planning procedures, then they are assumed to represent an average day volume. In this situation, a
date does not need to be provided by the analyst. However, the time of day for which the estimated
volumes apply is still needed.

Peak Hour Factor

If a 15-min analysis period is used, the analyst has the option of adding a random element to estimated
volume for each movement and analysis period. Including this random element provides a more realistic
estimate of performance measure variability. If this option is selected, then the analyst is asked to provide
the peak hour factor for each intersection. This factor is then used to randomly adjust the turn movement
volumes at each intersection. The algorithm used for this adjustment was developed to ensure that the
resulting volume variation among analysis periods in a common hour is consistent with that implied by
the peak hour factor.
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Presence of Shoulders

The presence of outside (i.e., right side) shoulders is used to predict incident location. The default
distribution of incident lane location is based on facilities with outside shoulders. This distribution is
modified accordingly when shoulders are not present on the subject facility. For a shoulder to be
considered “present,” it must be sufficiently wide that it can store a disabled vehicle (such that the vehicle
does not block traffic flow in the adjacent traffic lane).

If on-street parking is allowed, the analyst will need to determine whether its occupancy during the study
period is sufficient to preclude its use as a refuge for disabled vehicles. It is judged that the proportion of
on-street parking occupied would need to be less than 30 percent to provide reasonable assurance that
there will be opportunity to move a disabled vehicle from the through lanes to an open stall.

Analysis Period Duration

The analysis period is the time interval considered for the performance evaluation. Its duration is in the
range of 15 min to 1 h, with longer durations in this range sometimes used for planning analyses. A
shorter duration in this range is typically used for operational analyses. Additional guidance for
determining the analysis period duration is provided in Chapter 16 of the HCM 2010.

A shorter analysis period duration is desirable for reliability evaluations because it reduces the minimum
event duration threshold, and thereby increases the number of incidents and weather events that are
recognized. In this regard, the structure of the reliability methodology is such that events that are shorter
than one-half of the analysis period duration are ignored (i.e., they will not be recognized in the scenario
generation process). Thus, the use of a shorter analysis period duration will minimize the number of
events that are ignored.

Study Period

The study period is the time interval (within a day) that is represented by the performance evaluation. It
consists of one or more consecutive analysis periods. A typical study period is 1.0 to 6.0 h in duration,
and is stated to represent specific times of day and days of week (e.g., weekdays from 4:00 pm to

6:00 pm). If congestion occurs during the study period, then at least the first analysis period should be
uncongested. The maximum study period duration is 24 h.

The geometric design elements and traffic control features of the facility must be unchanged during this
period. Thus, the intersection lane assignments and signal timing plan should be the same during the
study period. If the facility has two or more time-of-day signal timing plans, then a separate study period
should be established for each plan period. Similarly, if the directional distribution of traffic volume
changes significantly during the day, then separate study periods should be established for each time
period where the directional distribution is relatively constant.

Reliability Reporting Period

The reliability reporting period represents the specific days over which reliability is to be computed. A
typical reporting period for a reliability evaluation is 6 to 12 months. It is specified by start and end dates
as well as the days of week being considered. The reliability reporting period is used with the study
period to fully describe the temporal representation of the performance measure (e.g., average travel time
during weekday periods from 4:00 pm to 6:00 pm for the current year).

Alternative Dataset Operating Period

One or more alternative datasets are used to describe conditions when a specific work zone is present or
when a special event occurs. The operating period for each alternative dataset is specified by its start and
end dates.

Software Version: SHRP2_USRE_L08 KAl v8.6 04-16-2014



Urban Street Reliability Engine User Guide 16

Segment Crash Frequency

The segment crash frequency is used to predict incident occurrence on each of the segments that comprise
the facility. The crash frequency that is input represents an estimate of the expected crash frequency for
the segment when no work zones are present or special events occur. The estimate should include all
severity levels, including property-damage-only (PDO) crashes. It is provided in units of crashes per year,
regardless of the duration of the reliability reporting period.

The segment crash frequency does not include crashes that occur at the intersection, or crashes that occur
on the intersection legs and are described in the crash report as “intersection-related.” The assignment of
crashes to segments is described in Appendix A.

The expected crash frequency can be computed using the predictive method in Chapter 12 of the 2010
Highway Safety Manual (HSM) (7). If this method cannot be used, then a three-year crash history for the
subject segment can be used to estimate its expected crash frequency.

Crashes that occur when work zones and special events are present should be removed from the crash
data. In this situation, the expected crash frequency is computed as the count of crashes during times
when work zones and special events are not present divided by the time period when work zones and
special events are not present. Thus, if there were 15 crashes reported during a recent three-year period
and 5 of these crashes occurred during a six-month period when a work zone was present, then the
expected crash frequency is estimated as 4.0 crashes per year (= [15 — 5])/[3 - 0.5]).

Intersection Crash Frequency

The intersection crash frequency is used to predict incident occurrence at each of the intersections within
the limits of the facility. The crash frequency that is input represents an estimate of the expected crash
frequency for the intersection when no work zones are present or special events occur. The estimate
should include all severity levels, including property-damage-only (PDO) crashes. It is provided in units
of crashes per year, regardless of the duration of the reliability reporting period. Guidance for obtaining
this input data is provided in the previous subsection titled Segment Crash Frequency.

Crash Frequency Adjustment Factors

The crash frequency adjustment factor is used to estimate the expected crash frequency when a work zone
or special event is present. This factor is multiplied by the expected crash frequency for the segment and
intersection, as appropriate. Their product represents the expected crash frequency if the work zone or
special event were present for one year.

Two adjustment factors are needed for each alternative dataset. One factor applies to segment-related
crashes and the other factor applies to intersection-related crashes. The pair of factors is applied to all
segments and intersections on the facility, regardless of whether the work zone is on a small portion of the
facility, or it extends for the entire length of the facility.

The factor value should include consideration of the effect of the work zone or special event on traffic
volume and crash risk. For example, the volume may be reduced due to diversion, and changes to the
geometry and signal operation may increase the potential for a crash. To illustrate this concept, consider a
work zone that is envisioned to increase crash risk by 100 percent (i.e., crash risk is doubled) and to
decrease traffic volume by 50 percent (i.e., volume is halved). In this situation, the crash frequency
adjustment factor is 1.0 (= 2.0 x 0.5). The analyst’s experience with similar types of work zones or special
events should be used to determine the appropriate adjustment factor value for the subject facility.
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DATA ENTRY

This section describes the data entry process for the tool. Data are entered primarily in the Set Up
worksheet. However, the default values and calibration factors in the calibration worksheets can also be
changed if appropriate local data are available. Guidance for using the Urban Streets Computational
Engine to create an HCM dataset is provided in Appendix B.

The analyst should confirm that they enabled macro operation in the workbook before starting the data
entry process. The procedure for enabling macros is described in the section titled Getting Started.

Data Entry Basics

The worksheet cells are used for data entry. Some cells accept numeric data, which can be typed in
directly using the keyboard. Some cells provide a drop-down list of text choices. In this case, the analyst
should use the mouse pointer to select the applicable choice.

If a numeric entry is not within an allowed range, or if it does not match x|
one of the drop-down list of text choices, then a message box is

displayed indicating “Out of Range!” The analyst can click Retry and re- @ Out of Rangs!

enter the data, or click Cancel and return to the cell’s previous content. ol |

Set Up Worksheet

The Set Up worksheet is divided into six sections. The first five sections are used for data entry. The sixth
section is used to display advisory information.

General Information

The organization of this section is shown in Figure 1. The Location data entry field is used to describe the
project being evaluated. This entry is not used by the reliability methodology. It is an optional data entry
field that will accept any desired combination of numeric and character data.

The Analyst data entry field is used to identify the person conducting the evaluation. This entry is not
used by the reliability methodology. It is an optional data entry field that will accept any desired
combination of numeric and character data.

The Nearest City data is entered using a drop-down list. This information is used to identify the typical
weather conditions for the subject facility. If the weather for the city nearest to the subject site does
adequately describe the weather of the subject site, then the Calib-Weather worksheet can be modified to
include weather statistics for the location of interest. The analyst will need to select for replacement one
of the cities shown in the worksheet (i.e., one row). The data in this row is then deleted. Next, the city
name should be entered in each of columns C, U, AM, BE, and BW. The monthly average weather
statistics for this city should be entered in the corresponding row for each of the five tables.

The Functional Class data is entered using a drop-down list. This information is used to estimate the
traffic volume during each of the various scenarios that comprise the reliability reporting period.
Functional class defines the month-of-year and the hour-of-day volume adjustment factors. The Calib-
Demand worksheet can be modified if the analyst has factors that are more representative of the subject
site.

Input File Names

The Path data entry field is used to define the location of the HCM dataset files. This path also defines the
location of the datasets generated by the tool. The path must exist on the storage drive (i.e., it will not be
created if it does not exist).
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The Base data entry field is used to record the file name of the base dataset. This file includes turn
movement volumes for each intersection on the facility. The date that these volumes were counted is
entered in the Date of Traffic Count field. If this field is left blank, then the volumes are assumed to
represent an average day volume, as may be derived from the annual average daily traffic (AADT)
volume. Similarly, the starting hour of this count is entered in the Starting Hour of Count field. A starting
hour of 1:30 pm is entered as 13.5.

There are seven rows available to enter alternative datasets. One row is used to describe each dataset. The
file name is entered in the Alternative field. A description of the work zone or special event is provided in
the Description field. The information in this field is not used by the reliability methodology. It is an
optional data entry field that will accept any desired combination of numeric and character data.

The Basis of Alternative Traffic Volume field is used to indicate the date associated with the volumes in
the alternative datasets. The analyst can specify the same date as that associated with the base dataset.
Alternatively, if the field is left blank, then the volumes are assumed to represent an average day volume.

Time Period Data
The data entry fields associated with the analysis time period data is shown in Figure 2.

Time Period Data

Time Periods Start Duration End [Time Period Checks
Analysis period, h: 0.25 ok
Study period, h: 7 3 10 ok
Reliability reporting period, day: 1/1/2011 365 12/31/2011 |0k
Alternative 1 operating period, day: 1/2/2011 3 1/4/2011 |ok

Alternative 2 operating period, day:
Alternative 3 operating period, day:
Alternative 4 operating period, day:
Alternative 5 operating period, day:
Alternative 6 operating period, day:
Alternative 7 operating period, day: . .
Days of week Sunday Monday Tuesday | Wednesday [ Thursday Friday Saturday
considered: No Yes Yes Yes Yes Yes No

Figure 2. Set Up Worksheet: Time Period Data Section.

The Analysis Period data entry field allows the analyst to indicate a 0.25-h or a 1.0-h analysis period. If a
0.25-h analysis period is selected, then additional input data are needed in the Supplemental Input Data
section (discussed later in this section). The tool monitors the Analysis Period entry. Depending on the
value entered, the tool will either highlight the appropriate data entry cells in the Supplemental Input Data
section with a light blue background, or it will change the cells to white which indicates that the
supplemental data are not needed.

There are two cells for the Study Period data entry. The data in the first cell defines the starting hour of
the study period, in terms of hours since midnight. A value of “0” corresponds to midnight. A value of
13.5 corresponds to 1:30 p.m. The data in the second cell indicates the duration of the study period.

There are two cells for the Reliability Reporting Period data entry. The data in the first cell defines the
start date using month-day-year format. The data in the second cell indicates the duration of the reliability
reporting period.
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There are two cells for each alternative dataset. The data in the first cell defines the start date of the work
zone or special event using month-day-year format. The data in the second cell indicates the duration of
the reliability reporting period.

The Days of Week Considered data entry consists of seven cells. One cell is associated with one day of
the week. A Yes or No is entered in each cell. If Yes is entered, then the associated day is considered in
the reliability analysis.

Crash Data

The data entry fields associated with the crash data are shown in Figure 3.

Crash Data ¥~see note

Segment Segment Crash Intersection Crash Frequency,
Number Boundary Frequency Number crlyear
Intersections crlyear 1 32

1 1to2 15 2 33
2 2t03 16 3 34
3 3to4 17 4 35
4 4105 18 5 36
5 5t06 19 6 37
6 6t07 20 7 38
7 7108 8
8 8t09 9

Work Zone and Special Event Crash Frequency Adjustment Factors ¥see note

Segment |Intersection

Alternative 1 1.1 1.2

Alternative 2

Alternative 3

Alternative 4

Alternative 5

Alternative 6

Alternative 7

Figure 3. Set Up Worksheet: Crash Data Section.

The top portion of the Crash Data section is used to enter the crash frequency for the segments and
intersections that comprise the urban street facility. The eight light blue cells in the top left portion are
used to enter the segment crash frequency. One cell is associated with each segment. The segment
numbers are defined when the base dataset is created using the Urban Streets Computational Engine.

The nine light blue cells in the top right portion are used to enter the intersection crash frequency. One
cell is associated with each signalized intersection. The intersection numbers are defined when the base
dataset is created using the Urban Streets Computational Engine.

The lower portion of the Crash Data section is used to enter the work zone and special event crash
frequency adjustment factors. Two data entry cells are available for each alternative dataset. One cell is
used to enter the adjustment factor for all segments on the facility. The second cell is used to enter the
adjustment factor for all intersections on the facility.

Supplemental Input Data
The data entry fields associated with the supplemental data are shown in Figure 4. The light blue data
entry fields are available when a 0.25-h analysis period is used. A Yes or No is entered in the Randomize
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Demand data entry field. If Yes is entered, then nine light blue cells are displayed. The peak hour factor
is entered for each intersection in the associated light blue cell. If No is entered, then these cells are white
and no additional data entry is necessary.

Isupplemental Input Data
Jrandomize demand among 15-min analysis periods within hour: Yes Seed Numbers
Intersection Number PHF Intersection Number PHF Weather: 82

1 0.99 6 0.96 Demand: 11
2 0.92 7 0.97 Incident: 63
3 0.93 8
4 0.94 9
5 0.95

Figure 4. Set Up Worksheet: Supplemental Input Data Section.

The Seed Number data entry cells are shown on the right side of the Supplemental Input Data section.
Three data entry cells are provided. One seed number is used for weather predictions, one seed number is
used for demand prediction, and one seed number is used for incident prediction. A unique sequence of
events is predicted for a given seed number.

One, two, or three of the seed numbers can be changed to generate a different set of conditions, if desired.
For example, if the seed number for weather events is changed, then a new series of weather events is
created and, to the extent that weather influences incident occurrence, a new series of incidents is created.
Similarly, the seed number for demand variation can be used to control whether a new series of demand
volumes is created. The seed number for incidents can be used to control whether a new series of
incidents is created.

When evaluating different improvement strategies, it is likely that the analyst will use one set of seed
numbers as a variance reduction technique. In this application, the same seed numbers are used for the
evaluation of each strategy. With this approach, the results from an evaluation of one strategy can be
compared with those from an evaluation of another strategy. Any observed difference in the results can be
attributed to the changes associated with the strategy (i.e., they are not due to random changes in weather
or incident events among the evaluations).

One evaluation of each strategy using the same set of random number seeds is called a replication.
Multiple replications are needed to quantify the best estimate of the desired performance measure and its
associated confidence interval. Each replication would use a different set of seed values. The Analysis
worksheet can be used to compare strategies based on two or more replications. This worksheet uses
statistics to compare strategies by quantifying: (1) the expected change in performance and (2) the level of
confidence that can be placed in a claim that one strategy has a different performance than another.

Advisory Messages

The Advisory Messages section is used to report warning messages to the analyst. The messages are
generated by the software. The analyst should check this section after the calculations are completed and
before moving on to the Facility Evaluation worksheet. If a message is shown, then the analyst should
make the requested corrections and repeat the calculations. If this section is blank, then the analyst can
move to the Facility Evaluation worksheet and continue the analysis.

Facility Evaluation Worksheet

There are two data entry fields in the Facility Evaluation worksheet. They are the Scenario Evaluation
Interval field and the Engine Path field. These fields are shown in Figure 5.
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The Scenario Evaluation Interval is used to minimize the total evaluation time. It has units of “days.” The
analyst can chose to evaluate every scenario for every day (i.e., enter “1”). Alternatively, the analyst can
chose to evaluate every scenario for every other day (i.e., enter “2”). This choice will reduce the
evaluation time by a factor of two (by evaluating only one-half of the scenarios). More generally, the
analyst can specify any integer number for the evaluation interval. The value that is entered is checked by
the tool to ensure that it will not bias the results, or produce an unacceptably small sample. If the check
indicates that an unacceptable outcome will occur, then a warning message is displayed just to the right of

the data entry cell (i.e., in cell F5).

Facility Evaluation for HCM Urban Street Evaluation Software

Scenario evaluation interval: 1 1 [ x
Engine pmﬂc.".Dm:umenis and Settings\wser1\My Dncur}gnisﬁ.useﬂSHRP LO8\Task 7_ Models\compile_engine_65\

Warning message displayed here (cell F5).

Advisory Messages

Figure 5. Facility Evaluation Worksheet.

The Engine Path data entry field is used to define the location of the executable file that implements the
HCM 2010 Urban Streets methodology.

Performance Summary Worksheet
There are three drop-down lists that accept input from the analyst. These lists are shown in Figure 6. The

information input in these lists is used to determine the scope of the performance summary.

Performance Summary for HCM Urban Street Evaluation Software

Input Data

Direction of travel to be evaluated: I EB or NB direction (NEMA 2) j
System component to be evaluated: I Facility j
Performance measure of interest: I Travel time j

Advisory Messages

Figure 6. Performance Summary Worksheet.

The Direction of Travel list is used to indicate which of the two travel directions is of interest to the

analysis. One direction is the eastbound (EB) or northbound (NB) travel direction. The other direction is
the westbound (WB) or southbound (SB) direction. The Urban Streets Computational Engine defines the
EB or NB directions to coincide with the NEMA phase 2. It defines the WB or SB directions to coincide

with NEMA phase 6.
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The System Component list is used to indicate whether the performance summary is based on the entire
facility or just one segment. Any one of the segments can be individually selected to facilitate a detailed
examination of segment performance.

The Performance Measure list is used to specify the performance measure of interest. The measures
available for examination are identified in the following list.

e Travel time

e Travel speed

e Stop rate

e Running time
e Through delay
e Total delay

With one exception, all of the measures in the previous list describe the performance of the major-street
through movement. The last measure describes the total delay (in vehicle-hours) at one or more
intersections. If “facility” is selected as the system component, then the total delay is computed for all
intersections. If “segment” is selected as the system component, then the total delay is computed for the
intersection at the end of the segment, in the direction of travel evaluated. For a given intersection lane
group, total delay is computed as the product of the analysis period duration, lane group volume, and lane
group control delay. The lane-group total delay is computed for all intersection lane groups, and then
these values are added to obtain the intersection total delay.

If travel time is the selected performance measure, then the vehicle-miles traveled (VMT) is computed. It
is computed for each segment and in each scenario, and added for all segments on the facility and all
scenarios in the reliability reporting period. This statistic describes overall facility utilization for the
reliability reporting period.

If travel time is the selected performance measure, then the “reliability rating” is also computed. It
describes the percent of VMT on the facility associated with a travel-time index (TTI) less than 2.5. A
facility that satisfies this criterion during a given scenario is likely to provide a level of service D or better
for that scenario. The TTI is computed using the average travel speed (as opposed to a percentile value).
The TTIl and VMT are computed for each segment in each scenario. The VMT for those segments and
scenarios with a TTI less than 2.5 is summed for all segments on the facility and all scenarios in the
reliability reporting period. This VMT is then used to compute the reliability rating.

RESULTS REVIEW AND INTERPRETATION
This section describes the output data provided by the tool. These data are provided in four worksheets.
These worksheets are identified in the following list.

e Performance Summary

e Weather
e Demand
e Incident
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Performance Summary Worksheet

The output data in the Performance Summary worksheet are specific to the direction of travel, system
component, and performance measure requested by the analyst. They are displayed in three locations in
the worksheet. The first location is in the upper left portion of the worksheet. It describes summary
statistics of the performance measure distribution. These statistics are displayed near the top of the
Performance Summary worksheet in the section titled Summary Statistics. This section is shown in Figure
7. The data shown correspond to the facility travel time for a one-year reliability reporting period and a
three-hour study period.

Summary Statistics

Scenario evaluation interval: 1 Average: 443.74]5th percentile: 344.97
Base free-flow speed, mi/h: 41.08]Standard deviation: 309.41]10th percentile: 347.63
Base free-flow travel time, s: 262.90]Skewness: 7.20]80th percentile: 412.72
Reliability rating: 93.2]Median: 371.85]85th percentile: 431.13
Total vehicle-miles travel (1,000's): 2260|Number of obs.: 3120]95th percentile: 783.82

Figure 7. Performance Summary Worksheet: Summary Statistics Section.

There are three columns of data shown in the Summary Statistics section. The base free-flow speed and
base free-flow travel time are shown in the left column. These statistics are always reported, regardless of
the performance measure requested by the analyst. They are relevant to the evaluation of travel time data
and the calculation of a travel time index.

The middle and right columns of data in the Summary Statistics section summarize the performance
measure requested by the analyst. The middle column lists the average, standard deviation, skewness, and
median statistics. The right column lists a selected set of percentile values.

The second location for output data is just to the right of the Summary Statistics section. It includes a
figure that shows the frequency distribution of the requested performance measure. An example
frequency distribution is shown in Figure 8. This figure shows the facility travel time distribution
corresponding to the statistics summarized in Figure 7.
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Figure 8. Performance Summary Worksheet: Frequency Distribution.
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The third location for output data is located just below the Summary Statistics section. It lists in
chronologic order the performance measure for each analysis period. A sample of this data is shown in
Figure 9. The performance measure shown is facility travel time. The measures are listed by date, month,
day of week, and start time of the analysis period. The day of week is numeric, where Sunday is Day 1.

Period Day of Start Perf.
Number Day Date Month Week Time Measure
(hr) (s)

1 3 1/3/2011 1 2 7.00 366.6
2 3 1/3/2011 1 2 7.25 367.5
3 3 1/3/2011 1 2 7.50 363.3
4 3 1/3/2011 1 2 7.75 367.1
5 3 1/3/2011 1 2 8.00 351.5
6 3 1/3/2011 1 2 8.25 356.2
7 3 1/3/2011 1 2 8.50 348.2
8 3 1/3/2011 1 2 8.75 347.3
9 3 1/3/2011 1 2 9.00 332.8
10 3 1/3/2011 1 2 9.25 333.0
11 3 1/3/2011 1 2 9.50 333.9
12 3 1/3/2011 1 2 9.75 3329
13 4 1/4/2011 1 3 7.00 369.8
14 4 1/4/2011 1 3 7.25 365.7
15 4 1/4/2011 1 3 7.50 370.5
16 4 1/4/2011 1 3 7.75 368.5
17 4 1/4/2011 1 3 8.00 350.5
18 4 1/4/2011 1 3 8.25 348.6
19 4 1/4/2011 1 3 8.50 349.3

Figure 9. Performance Summary Worksheet: Analysis Period Results.

Weather Worksheet

The Weather worksheet provides supplemental output data. These data are shown in Figure 10.

Location: LINCOLN, NE

JAN FEB MAR APR MAY JUN JUL AUG SEP
Normal precipitation, in/month 0.67 0.66 2.21 2.9 4.23 3.51 3.54 3.35 2.92
Snowfall, in/month 6.6 6 5.7 1.5 0.1 0 0 0 0
Days with precip./month 5 5 9 11 9 9 8 7
Average temp, degrees 22.4 28.3 39.4 51.2 62 72.7 77.8 75.4 66
Precip. per event, in/event 0.13 0.13 0.28 0.32 0.38 0.39 0.39 0.42 0.42
Total analysis periods with weather effects: 144
Total analysis periods: 3120
Total periods with rain events: 76
Total periods with snow events: 33
Period Day of Start Rain Wet Snow Snow or Precip.
Number Day Date Month Week Time Amount | Pavement | Amount Ice on Amount
(h) (in/h) (in/h) Pavement (in/h) Total
19 4 1/4/2011 1 3 8.50 0.00 no 0.00 no 0.00
20 4 1/4/2011 1 3 8.75 0.00 no 0.00 no 0.00
21 4 1/4/2011 1 3 9.00 0.00 no 0.00 no 0.00
22 4 1/4/2011 1 3 9.25 0.00 no 0.00 no 0.00
23 4 1/4/2011 1 3 9.50 0.00 no 0.00 no 0.00
24 4 1/4/2011 1 3 9.75 0.00 no 0.00 no 0.00
25 5 1/5/2011 1 4 7.00 0.00 no 0.79 YES 0.08 1
26 5 1/5/2011 1 4 7.25 0.00 no 0.79 YES 0.08 1
27 5 1/5/2011 1 4 7.50 0.00 no 0.79 YES 0.08 1

Figure 10. Weather Worksheet.
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Data are located in two sections of the Weather worksheet. The top portion of the worksheet lists the
weather statistics for the city nearest to the subject facility. These statistics were read from the Calib-
Weather worksheet and reported back to the Weather worksheet for the analyst’s convenience. One set of
weather statistics is provided for each month of the year. The statistics for October, November, and
December are not shown in Figure 10 so that the figure text could be kept at a readable size.

The second location for output data is located just below the weather statistics. It lists in chronologic
order the predicted weather conditions for each analysis period. A sample of this data is shown in the
bottom portion of Figure 10. The first six columns define the date and time of the analysis period. The
remaining columns describe the weather conditions. A snow event is shown to occur starting at 7:00 am
on January 5, 2011. The precipitation amount in the second to last column describes the liquid equivalent
of the snowfall rate.

Demand Worksheet

The Demand worksheet provides supplemental output data. These data are shown in Figure 11. They
consist of the demand volume adjustment factors that were read from the Calib-Demand worksheet.
These factors represent the distribution of volume by hour of day, day of week, and month of year.

Data are located in two sections of the Demand worksheet. The top portion of the worksheet lists the
adjustment factors that are applicable to the base dataset and the alternative datasets. These factors are
used to convert the turn movement volumes in the dataset to annual average daily traffic (AADT) volume
estimates. The information in Figure 11 indicates that the turn movement volumes in the base dataset are
based on one-hour counts taken on January 4, 2011 starting at 7:00 am. The data entry fields for this date
and time are provided in the Set Up worksheet, as shown in Figure 1.

Location: LINCOLN, NE
Functional Class: Urban Principal Arterial
Day of Start Hr of Day | Day of Wk | Month of
Date Month Week Time (h) Factor Factor | Yr Factor
Date of traffic count 1/4/2011 1 3 7 0.071 0.980 0.831
Basis of alt. traffic vol.: Ave.day 7 0.059 1.000 1.000
Day of Week: 1:Sun| 2:Mon | 3:Tue | 4:Wed | 5:Thr| 6:Fri| 7:Sat
Total analysis periods with unique factors: 720
Total analysis periods: 3120
Period Day of Start Hr of Day | Day of Wk | Month of
Number Day Date Month Week Time Factor Factor | Yr Factor
(h) Total

1 3 1/3/2011 1 2 7.00 0.071 0.980 0.831 1
2 3 1/3/2011 1 2 7.25 0.071 0.980 0.831 1
3 3 1/3/2011 1 2 7.50 0.071 0.980 0.831 1
4 3 1/3/2011 1 2 7.75 0.071 0.980 0.831 1
5 3 1/3/2011 1 2 8.00 0.058 0.980 0.831 1
6 3 1/3/2011 1 2 8.25 0.058 0.980 0.831 1
7 3 1/3/2011 1 2 8.50 0.058 0.980 0.831 1
8 3 1/3/2011 1 2 8.75 0.058 0.980 0.831 1
9 3 1/3/2011 1 2 9.00 0.047 0.980 0.831 1

Figure 11. Demand Worksheet.
The lower portion of the Demand worksheet lists in chronologic order the adjustment factors used for

each analysis period. These factors are used to convert the AADT estimates into turn movement volumes
corresponding to the specific analysis period.
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Incident Worksheet
The Incident worksheet provides supplemental output data. These data are shown in Figure 12.

Total analysis periods with incidents: 156

Total analysis periods: 3120 Expected
Segment Intersectior  Total Total
Total crash incidents: 4 13 17 116
Total non-crash incidents: 6 27 33 24.6
Intersection 1
Crash Non-Crash
One lane Two+ Lanes Shoulder One lane Two+ Lanes Shoulder

Period Day of Start |Fatalorinj| PDO_|Fatalorinj] PDO _|Fatalorinj] PDO | Brkdwn | Other | Brkdwn | Other | Brkdwn | Other
Number Day Date Month Week Time 2 | o 8 | o 4| 0 5 | 0 4 | o 4 | o

1093 130 5/10/2011 5 3 7.00

1094 130 5/10/2011 5 3 7.25

1095 130 5/10/2011 5 3 7.50

1096 130 5/10/2011 5 3 7.75

1097 130 5/10/2011 5 3 8.00 2

1098 130 5/10/2011 5 3 8.25 2

1099 130 5/10/2011 5 3 8.50 2

1100 130 5/10/2011 5 3 8.75 2

1101 130 5/10/2011 5 3 9.00 2

1102 130 5/10/2011 5 3 9.25 2

1103 130 5/10/2011 5 3 9.50 2

1104 130 5/10/2011 5 3 9.75 2

1105 131 5/11/2011 5 4 7.00

Figure 12. Incident Worksheet.

The Incident worksheet lists in chronologic order the incident type and location for each analysis period.
One group of 12 columns is dedicated to each intersection and to each segment on the facility. For a given
intersection or segment, the twelve columns collectively describe the incident type, lane location, and
severity. Each row of the worksheet corresponds to one analysis period. If all of the cells are blank for a
given analysis period (i.e., row), then no incident was predicted to occur. If a cell has a value, then an
incident is indicated to exist for that time period.

The incident location is indicated by determining in which group of 12 columns the non-blank cell exists.
That is, if a group of 12 columns has one or more cells with a value in it, then this condition indicates that
the associated intersection or segment was predicted to experience an incident. If the location is an
intersection, then the cell value indicates the intersection approach location of the incident. The cell value
represents the NEMA number of the phase that serves the affected the intersection approach. If the
location is a segment, then the cell value indicates the direction of travel associated with the incident. The
value is the NEMA number of the phase that serves the direction of travel.

The NEMA phase numbering scheme for the subject facility is defined in the Urban Streets
Computational Engine (USCE) and communicated to the tool using the HCM dataset. The USCE defines
the EB or NB directions to coincide with the NEMA phase 2. It defines the WB or SB directions to
coincide with NEMA phase 6. It defines the NB or WB directions to coincide with NEMA phase 8. It
defines the SB or EB directions to coincide with NEMA phase 4.

For example, the data in Figure 12 indicates that a crash occurs on the “Phase 2” approach of

Intersection 1 at 8:00 am on May 10, 2011. The crash was a fatal or injury crash that blocked two or more
lanes for a two-hour period.
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Appendix A. Crash Assignment

The reliability methodology requires an estimate of the expected average crash frequency for intersections
and for segments on the facility. One source of this estimate is reported crash history data. However, these
crashes must be properly assigned to the location of their occurrence. The assignment process requires
differentiation of each crash as either an intersection-related crash or a segment-related crash. This
appendix describes the crash assignment procedure recommended in the Highway Safety Manual (7).

Intersection crashes include crashes that occur at an intersection (i.e., within the curb limits) and crashes
that occur on the intersection legs and are intersection related. All crashes that are not classified as
intersection or intersection-related crashes are considered to be segment-related crashes.

Figure 13 illustrates the method used to assign crashes to segments or intersections. As shown, all crashes
that occur within the curb line limits of an intersection (i.e., Region A) are assigned to that intersection.

L Segment Length

B B

A All crashes that occur within this region are classified as intersection crashes.
B Crashes in this region may be segment or intersection related, depending on the
characteristics of the crash.

Figure 13. Definition of Roadway Segments and Intersections.

Crashes that occur outside the curb line limits of an intersection (i.e., Region B) are assigned to either the
segment on which they occur or an intersection, depending on their characteristics. Region B represents
the roadway between two intersections. Crashes that are classified on the crash report as intersection-
related or have characteristics consistent with an intersection-related crash are assigned to the intersection
to which they are related; such crashes would include rear-end crashes related to queues on an intersection
approach. Crashes that occur between intersections and are not related to an intersection are assigned to
the roadway segment on which they occur.
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In some jurisdictions, crash reports include a field that allows the reporting officer to designate the crash
as intersection related. When this field is available on the crash reports, crashes should be assigned to the
intersection or the segment based on the way the officer marked the field on the report.

In jurisdictions where there is not a field on the crash report that allows the officer to designate crashes as
intersection related, the characteristics of the crash may be considered to make a judgment as to whether
the crash should be assigned to the intersection or the segment. Other fields on the report, such as crash
type, number of vehicles involved, contributing circumstances, weather condition, pavement condition,
traffic control malfunction, and sequence of events can provide helpful information in making this
determination. If the officer’s narrative and a crash diagram are available, they can also assist in making
the determination of a crash’s intersection relationship.

The following crash characteristics are indicative of an intersection-related crash.

e Arear-end crash in which both vehicles were going straight approaching an intersection or in
which one vehicle was going straight and struck a stopped vehicle.

e A crash in which the report indicates a signal malfunction or improper traffic control at the
intersection contributed to the crash.
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Appendix B. Urban Streets Computational Engine Data Entry

This appendix describes the data entry process for the Urban Streets Computational Engine (USCE). The
USCE implements the Urban Streets methodology described in Chapter 16 of the 2010 Highway Capacity
Manual (HCM). There are ten input worksheets in USCE. They are identified in the following list.

Set Up: general input data to describe overall characteristics of the facility and start calculations.

Intersection 1: input data describing the first signalized intersection encountered in the
eastbound or northbound travel direction.

Segment 1: input data describing the segment located between intersection 1 and intersection 2.
Segment 2: input data describing the segment located between intersection 2 and intersection 3.
Segment 3: input data describing the segment located between intersection 3 and intersection 4.
Segment 4: input data describing the segment located between intersection 4 and intersection 5.
Segment 5: input data describing the segment located between intersection 5 and intersection 6.
Segment 6: input data describing the segment located between intersection 6 and intersection 7.
Segment 7: input data describing the segment located between intersection 7 and intersection 8.

Segment 8: input data describing the segment located between intersection 8 and intersection 9.

The segment and intersection numbers are defined sequentially in the eastbound or northbound direction
of travel. The data entered in each segment worksheet describes both the road between the intersections
and the downstream signalized intersection. The data entered in each segment worksheet is identical, so
only the data entry for the Segment 1 worksheet will be described in this appendix. If the facility has
fewer than eight segments, then data are entered only for those segments that exist.

There are many input values and parameters associated with the USCE. The meaning of each value or
parameter is described in Chapter 17 or 18 of the 2010 HCM. The data entry cell for each parameter is
populated with a default value in the USCE.

After the data are entered, the analyst should return to the =
Set Up worksheet to save the data in an HCM dataset. The —

button for saving the file is located in the upper right corner Enter data in the Set Up,
of the worksheet. It is labeled “Write Data to File.” When it 1 |Intersection, and Segment
is clicked, the data are saved to a file. The next section worksheets.

describes where the analyst can enter the file name.

ENTER DATA AND SAVE FILE

2 Write Data to File “
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SET UP WORKSHEET
The data entry fields in the Set Up worksheet are divided into six sections. The input data fields in each
section are described in the following paragraphs.

General Information
The General Information section is located near the top of the Set Up worksheet. It is shown at the top of

Figure 14.

General Information

Location: Texas Avenue, Austin, Texas Analysis Period: 7:15 am to 7:30 am
JFile name: C:\Documents and Settings\TexasAM?2 Analyst: JHD

Urban Street Parameters

Start-up lost time (I;), s 2.0 Stored vehicle lane length, ft 25
Extension of effective green, s 2.0 Number of calculation iterations 15
Analysis time period (T), h 0.25 [Length of left-turn bay (access point), ft 250
Critical merge headway, s 3.7 Right-turn equivalency factor (signalized) 1.18
Deceleration rate (access point), ft/s 6.7 Sneakers per cycle, veh: 2.0
Right-turn speed (access point), ft/s 20 Base saturation flow rate, pc/h/In 1900
Deceleration rate (signal), ft/s® 4.0 Distance between stored vehicles, ft 8.0
Acceleration rate, ft/s” 3.5 Left-turn equivalency factor (signalized) 1.05
Headway of bunched vehicle stream, s/veh 1.5 Critical headway for major left (access pt.), s 4.1
Maximum headway in a platoon, s/veh 3.6 Follow-up headway for major left (access pt.) ,s 2.2
Stop threshold speed, mph 5.0 Right-turn equivalency factor (access point) 2.2

Figure 14. USCE Set Up Worksheet: General Information and Parameters Sections.

The Location, Analysis Period, and Analyst data entry fields are used to describe the project being
evaluated. These entries are not used by the reliability methodology. They are optional data entry fields
that will accept any desired combination of numeric and character data.

The File Name data entry field is used to define the path location and name of the HCM dataset files. The
path must exist on the storage drive (i.e., it will not be created if it does not exist).

Urban Street Parameters

The data entry fields in the Urban Street Parameters section are shown in the bottom portion of Figure 14.
Two additional parameters can be entered in the Supplemental Urban Street Parameters section that is
located at the bottom of the Set Up worksheet (not shown). Default values are provided for these
parameters.

Basic Segment Information

The Basic Segment Information section is shown in Figure 15. The names of the two streets that bound
the segment are listed in columns 2 and 3. The name of the street crossed when departing the segment in
the westbound (or southbound) direction is shown in column 2. The name of the street crossed when
departing the segment in the eastbound (or northbound) direction is shown in column 3.

This section is also used to inform the USCE about the number of intersections on the facility. This
number is reported in the last line of this section. It is based on the count of segments for which the
analyst has provided speed limit, lane, and segment length data in the rows above. The number of
intersections is equal to one more than the number of segments.
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Basic Segment Information
Segment Cross Street Names Speed Limit, mph Through Lanes Segment
Number Street to West Street to East EB WB EB WB Length, ft
1 First Avenue Second Avenue 35 35 2 2 1800
2 Second Avenue Third Avenue 35 35 2 2 1800
3 Third Avenue Fourth Avenue 35
4 Fourth Avenue Fifth Avenue
5 Fifth Avenue Sixth Avenue
6 Sixth Avenue Seventh Avenue
7 Seventh Avenue Eighth Avenue
8 Eighth Avenue Ninth Avenue
No. Intersections: 3 Total, mi: 0.68
Coordination Information
Travel direction for Movement 2 at all intersections ‘ﬁ Cycle Length, s: [ 100 |
Origin-Destination Seed Proportions
Upstream Origin
Downstream Cross St. Major St.  Cross St.  Mid-Seg.
Destination Left Turn  Through Right Turn Entry
Left Turn 0.02 0.10 0.05 0.02
Through 0.91 0.78 0.92 0.97
Right Turn 0.05 0.10 0.02 0.01
Mid-Segment Exit 0.02 0.02 0.01 0.00

Figure 15. USCE Set Up Worksheet: Basic Segment and Coordination Information Sections.

The data shown in Figure 15 indicate that there are two segments and three intersections on the subject
facility. The speed limit for the westbound approach to intersection 3 (at Fourth Avenue) is 35 mi/h. This
approach is external to the facility (i.e., it serves through vehicles but it is not on one of the segments). If
the facility has eight segments, then the speed limit for the westbound approach to intersection 9 (at Ninth
Avenue) is entered in the Segment 8 worksheet. Similarly, the eastbound approach at intersection 1 is
external to the facility. The speed limit for this approach is entered in the Intersection 1 worksheet. Based
on these data entry rules, the reader will note that there will always be one more speed limit entry in the
westbound column than in the eastbound column whenever there are fewer than eight segments.

Coordination Information

The Coordination Information section is used to define the direction of travel associated with NEMA
Phase 2 (which is the same as movement number 2). The direction that is chosen is then used to establish
the association between the intersection number, segment number, phase number, and travel direction. A
schematic of the facility is shown in Figure 16 with the intersection and segment numbers established by
this data entry. This schematic is repeated at the top of the Intersection worksheet and at the top of each
Segment worksheet.

Street Schematic

Intersection No.: 1 2 3 4 5 6 7 8 9 N
Segment No.: 1 l 3 l 4 l 5 l 6 l 7 l 8 l
| | | | | | |

Downstream intersection in red circle.

Figure 16. USCE Set Up Worksheet: Intersection and Segment Numbers.
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Origin-Destination Seed Proportions

The data entry fields in the Origin-Destination Seed Proportions section are used to enter the proportion
of upstream traffic (by movement) that arrives at each downstream destination movement. The values in
these cells represent default values and will not likely need to be modified for most reliability evaluations.

INTERSECTION 1 WORKSHEET

The data entered in the Intersection 1 worksheet is categorized into three sections. The data entry fields in
each section are described in the following paragraphs. There is also an Advisory Messages section near
the bottom of this worksheet (not shown) that should be consulted after all data are entered in this
worksheet. Advisory messages will be posted when the data entered are contradictory, missing, or out of
range.

Signalized Intersection Input Data

The data entered in the Signalized Intersection Input Data section is shown in Figure 17. This section
describes the data entry fields for the individual movements at the intersection. One column is provided
for data entry for the left-turn, through, and right-turn movements on each intersection approach. Separate
groups of three columns are provided for each of the four intersection approaches.

Signalized Intersection Input Data (In each column, enter the volume and lanes data. For all other bl
Approach Eastbound Westbound
Movement L T R L T R
Movement number 5 2 12 1 6 16
Volume, veh/h 200 1000 10 200 1000 10
Lanes 1 2 1 1 2 1
Turn bay length, ft 200 200 200 200
Sat. flow rate, veh/h/In 1800 1800 1800 1800 1800 1800
Platoon ratio 1.000 1.333 1.000 1.000 1.333 1.000
Initial queue, veh 0 0 0 0 0 0
Speed limit, mph 35 35 35 35 35 35
Stop line det. length, ft 40 40
Max. allow. hdwy, s/ve 3.9 3.9
Opp. rt-turn lane influence Yes Yes

Figure 17. USCE Intersection 1 Worksheet: Signalized Intersection Input Data Section.

In each column, the volume and lanes data are entered for the associated movement. For all other blue
cells, values are entered only if there is one or more exclusive lanes serving the movement. If two or more
movements share a lane, then their combined data are entered in the column for the through movement.

Saturation Flow Rate

The Saturation Flow Rate data entry field is used to describe the adjusted saturation flow rate for every
movement with one or more lanes. The value entered should reflect the effect of lane width, heavy
vehicle presence, grade, parking activity, local buses that stop, area type, lane utilization, pedestrian
conflicts, and bicycle conflicts. If the movement does not exist, then leave the cell blank (i.e., delete cell
contents). The worksheet does not calculate the saturation flow rate based on the base saturation flow
rate.

The procedure in Chapter 18 of HCM 2010 (i.e., Step 4) can be used to estimate the adjusted saturation
flow rate. However, for left-turn (or right-turn) movements, the saturation flow rate entered should be
based on a left-turn (or right-turn) adjustment factor of 1.0 (i.e., do not adjust for permitted or protected-
permitted operation).
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If a work zone is present on an intersection approach, then an additional saturation flow rate adjustment
factor f,,, is computed using Equation 1. This factor is then multiplied by the saturation flow rate obtained
from Chapter 18 of the HCM 2010 to obtain the value to be entered in the USCE worksheet.

1)
with f, =0.858x f i X e <10
2
1.0 @)
fuia =
1.0-0.0057 (a, —12)
3
10 @)
freduce =
1.0+0.0402(n, -n,,)
where,
fu, = saturation flow rate adjustment factor for work zone presence;
fwia = saturation flow rate adjustment factor for approach width;
frequce = Saturation flow rate adjustment factor for reducing lanes during work zone presence;
a, = approach lane width during work zone (= total width of all open left-turn, through, and right-
turn lanes plus any setback distance to adjacent curb or work zone traffic control devices), ft;
n, = number of left-turn and through lanes open during normal operation, In; and
Ny, = number of left-turn and through lanes open during work zone presence, In.

Equation 1 produces values less than 1.0 for a wide range of conditions. However, when the approach has
many lanes open while the work zone is present (or a few wide lanes), then Equation 1 can
mathematically produce a value that exceeds 1.0. In these few instances, a value of 1.0 is recommended
as an upper bound on the factor value.

One factor value is computed for each approach with a work zone present. The computed factor is then
used to estimate the saturation flow rate for the through movement, as well as the left- and right-turn
movements from exclusive lanes, on this approach.

Platoon Ratio

The Platoon Ratio data entry field is provided for all intersection movements. However, with a couple of
exceptions, the values provided for movement numbers 2 and 6 will be ignored. One of the exceptions is
the eastbound (or northbound) movement 2 at intersection 1. This movement is an external movement. Its
platoon ratio and speed limit need to be entered in this section.

The other exception is for the westbound (or southbound) movement 6 at the last intersection on the
facility. This movement is also an external movement. In this case, the platoon ratio for this movement
will need to be entered in the Segment worksheet associated with the last intersection.

Phase Sequence and Left-Turn Mode

The Phase Sequence and Left-Turn Mode section is shown in Figure 18. Drop-down lists are used to
describe the phase sequence and left-turn mode for the major street and the cross street approaches. The
left-turn mode can be permitted, protected-permitted, protected-only. The USCE requires that both
approaches on a given street have the same left-turn mode. Phase sequence choices are identified in the
following list.
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No exclusive phase

Lead/lead left-turn phases

Lead/lag left-turn phases

Lag/lag left-turn phases

Phase Sequence and Left-Turn Mode
Major street sequence I 5 & 1 left leading j Cross street sequence I 3 &7 left leading L“
J(movement numbers shown) (movement numbers shown) —

Major street left-turn mode I 5/1 Protected-Only Ll Cross street left-turn mode I /7 Protected+Permitted l|
J(movement numbers shown) (movement numbers shown)

Figure 18. USCE Intersection 1 Worksheet: Phase Sequence Section.

Phase Settings
The Phase Settings section is shown in Figure 19. The phase numbers referenced in this figure
corresponds to the movement numbers shown in Figure 17.

|Phase Settings

|Approach Eastbound Westbound Northbound Southbound
[Phase number 5 2 1 6 3 8 7 4
IMovement L T+R L T+R L T+R L T+R
ILead/Iag left-turn phase Lead -- Lead -- Lead -- Lead --
[Left-turn mode Prot. -- Prot. -- Pr/Pm -- Pr/Pm --
[Passage time, s 2.0 -- 2.0 -- 2.0 2.0 2.0 2.0
[Minimum green, s 5 -- 5 -- 5 5 5 5
Yellow + red clear, s 3.0 4.0 3.0 4.0 3.0 4.0 3.0 4.0
|Phase spiit, s 20 35 20 35 20 25 20 25
IRecaII No Lﬂ - No Lﬂ - No Lﬂ No Ll No Lﬂ No Lﬂ
IDuaI entry I No ﬂ I Yes El I No E” Yes El I No E” Yes El I No ﬂl Yes ﬂ
Ref. Phase Offset, s: 0 Offset Ref.:| End of Green ~| |Force Mode: | Fixed -

I I 2 Ll Cycle, s: 100 I —ﬂ I —l
Enable Simultaneous Gap-Out? Enable Dallas Left-Turn Phasing?

IPhase Group 1,2,5,6: ¥ Phase Group 3,4,7,8: ¥ |Phases1,256: [ Phases3,4,78 [

Figure 19. USCE Intersection 1 Worksheet: Phase Settings Section.

SEGMENT 1 WORKSHEET

The data entered in the Segment 1 worksheet is categorized into five sections. The data entry fields in
three of these sections are the same as in the Intersection 1 worksheet so they will not be discussed in this
section. The remaining two sections are described in the following paragraphs.

There is also an Advisory Message section near the bottom of this worksheet (not shown) that should be
consulted after all data are entered in this worksheet. Messages will be posted when the data entered are
contradictory, missing, or out of range.
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Free-Flow Speed Input Data

The Free-Flow Speed Input Data section is shown in Figure 20. The data entered in this section are used
to compute the free-flow speed for the segment. A speed is computed for each direction of travel. The
values in the white cells were entered in the Set Up worksheet and repeated here for convenience.

Free-Flow Speed Computation
Input Data
| EB | wB

Basic Segment Data
Number of through lanes that extend the length of the segment: 2 2
Speed limit, mph 35 35
Segment Length Data
Length of segment (measured stopline to stopline), ft 1800 1800
\Width of upstream signalized intersection, ft 50 50

Adjusted segment length, ft 1750 1750
Length of segment with a restrictive median (e.g, raised-curb), ft 0 0
Length of segment with a non-restrictive median (e.g, two-way left-turn lane), ft 0 0
Length of segment with no median, ft 1750 1750
Percentage of segment length with restrictive median, % 0 0
Access Data
Percentage of street with curb on right-hand side (in direction of travel), % 70 70
Number of access points on right-hand side of street (in direction of travel) 4 4
Access point density, access points/mi 24 24

Figure 20. USCE Segment 1 Worksheet: Free-Flow Speed Input Data Section.

There is also a Supplemental Segment Data section that is not shown. It is located just to the right of the
Free-Flow Speed Input Data section. The Supplemental Segment Data section allows the analyst to enter
any mid-segment delay to through vehicles traveling along the segment that is due to sources other than
turns at the access points (as described in the next section). These “other” sources of delay may include
curb parking, pedestrian crossings, double parking, etc.

Access Point Input Data

The Access Point Input Data section is shown in Figure 21. The data entered in this section is used to
compute the delay to through movements as a result of vehicles turning from the major street into an
access point. The access points described in this section are sufficiently busy that they are likely to result
in some delay to the major street through movement.

Data for a maximum of six access points can be entered. These data are entered in order from top to
bottom as they occur in an eastbound or northbound direction of travel.

Access point location represents the distance measured from the stop line of the upstream signalized
intersection to the equivalent stop line at the downstream access point in the subject direction of travel.

If several low-volume access points exist and none are going to be entered as a separate access point, they
can be combined into one “surrogate” access point. The volume for each minor movement at the
surrogate access point should equal the sum of the corresponding minor movement for all access points
being combined. The location of the surrogate access point should represent the average of the distances
to each of the individual access points that were combined.
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Access Point Input Data
Access Approach Eastbound Westbound
Point Movement L T R L T R
Location,ft [Movement number 1 2 3 4 5 6
600 Volume, veh/h 80 1050 100 80 1050 100
West end [Lanes 0 2 0 0 2 0
1200 [Volume, veh/h 80 1050 100 80 1050 100
Lanes 0 2 0 0 2 0
Volume, veh/h 0 0 0 0 0 0
Lanes 0 2 0 0 2 0
Volume, veh/h 0 0 0 0 0 0
Lanes 0 2 0 0 2 0
Volume, veh/h 0 0 0 0 0 0
Lanes 0 2 0 0 2 0
Volume, veh/h 0 0 0 0 0 0
East end [Lanes 0 2 0 0 2 0

Figure 21. USCE Segment 1 Worksheet: Access Point Input Data Section.
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Appendix C. Software Set Up and File Description

This appendix describes the software and data files associated with the USRE workbook. It also
summarizes the process for setting up the file structure for a typical application.

SOFTWARE DESCRIPTION
The software used for a reliability evaluation consists of two Excel workbooks and one executable file.
These files are described in this section.

USRE Workbook

The USRE workbook supports the evaluation of a facility’s reliability of service, in terms of its
operational performance over an extended time period. The software is distributed as a Microsoft Excel ®
workbook using the Visual-Basic-for-Applications (VBA) programming language.

This workbook is used to guide the reliability evaluation. It interacts with other software and creates data
files as needed for the evaluation. The reliability methodology is implemented in this workbook.
Guidelines for using this workbook are provided in the main body of this document.

The file name for this workbook is: SHRP2_USRE_L08_KAI_Vx.y_mm-dd-yyyy.xIs

The letters “x” and *“y” are used to convey the software version. The letters “mm?”, “dd”, and “yyyy” are
used to convey the month, day, and year, respectively, that the version was created.

USCE Workbook

The USCE workbook implements the Urban Streets methodology described in Chapters 16 and 17 of the
2010 Highway Capacity Manual (HCM). This workbook is used to create the HCM dataset. This dataset
includes the input data needed to evaluate an urban street facility using the HCM. The information in an
HCM dataset is described in the next section of this appendix. Guidelines for using this workbook are
provided in Appendix B.

The file name for this workbook is: SHRP2_USCE_L08_KAI_Vx.y_mm-dd-yyyy.xls
HCM Executable
This file is a compiled version of the VBA code in the USCE workbook. It is called by the USRE

workbook, and used to evaluate the dataset associated with each scenario. It is compiled to minimize the
time required to evaluate a dataset.

The file name for this file is: enginel7.exe

The path to this engine is input to the USRE workbook in the Facility Evaluation worksheet.
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The code used in this software represents an enhanced version of the methodology in HCM Chapter 17. It
has been enhanced to explicitly model the effect of spillback on intersection operation.

DATA FILE DESCRIPTION
There are three data files associated with the use of the USRE workbook. They are described in this
section.

HCM Dataset File

The HCM dataset files are created using the USCE workbook. The base dataset is used to describe the
urban street when there are no work zones or special events present. One or more alternative datasets are
used to describe the urban street when a work zone, special event, or both are present.

The file name for this file is specified by the analyst using any characters acceptable to the Windows
operating system. The file extension is “.txt”.

The base and alternative datasets are created by the analyst and saved in a folder. The path to this folder is
input by the analyst in the Set Up worksheet of the USRE workbook.

Scenario Dataset File

The USRE workbook creates one scenario dataset file for each scenario. This dataset is created from the
HCM dataset, but modified to reflect the demand levels, speed, and saturation flow rate, as may be
influenced by the events predicted for the specific scenario.

The file name for this file is: yyyymmdd-HHhh.txt

The file name describes the date and time associated with the scenario. The letters “yyyy” are used to
indicate the year. The letters “mm” indicate the month of year. The letters “dd” indicate the day of the
month. The letters “HH” indicate the hour associated with the start of the scenario, in military time. The
letters “hh” indicate the percentage of an hour associated with the start of the scenario. Values used are
00, 25, 50, and 75 percent which correspond to 00, 15, 30, and 45 min, respectively. For example, “1825”
indicates the scenario start time is 6:15 p.m.

The scenario dataset files are saved in the same folder as the HCM dataset file.

Scenario Output File

The USRE workbook creates one scenario output file for each scenario. This dataset contains the output
from the HCM executable file. In this regard, it contains the predicted delay and queue length at each
intersection, as well as the travel time and travel speed for each segment and for the overall facility.

The file name for this file is: yyyymmdd-HHhh.out

The file naming convention is the same as that for the scenario dataset file, as described in the previous
section.

The scenario dataset files are saved in the same folder as the HCM dataset file.

The file is a comma-delimited text file and can be read using any word processing software program (e.g.,
Notepad). It can also be opened in an Excel worksheet. Sample content of this file is shown in Figure 22.
The units are shown on the right-hand side of the figure for each variable listed. The text for the units is
shown for convenience herein; it is not included in the text file.
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"FileName:","TexasAM2.out"

"NbrSegments™, 2

“"SEGMENT:",1

' 02 06"

""SegLength',1800 (o
"*'SegBaseFreeFlowSpeed',40.78,40.78 (mi/h)
""SegRunningTime™,33.46,33.43 (s)
""'SegRunningSpeed" ,36.67,36.71 (mi/h)
"SegThruDelay',20.369,20.043 (s/veh)
""SegTravelSpeed",22.8,22.95 (mi/h)
""SegThruStops™, -596, .585 (stops/veh)
"'SegSpatialStops',1.75,1.72 (stops/mi)
"SegThruvVolume' ,968.35,949.29 (veh/h)
"'SYSTEM™

"SystemTravelTime',107.3,107.3 (s)
"SystemTravelSpeed',22.87,22.87 (mi/h)
"'SystemSpatialStops™,1.73,1.73 (stops/mi)
"'SystemBaseFreeFlowSpeed' ,40.78,40.78 (mi/h)
"NbriIntersections",3

"INTERSECTION:",1

"TimerPhaseAssign0',1,2,3,4,5,6,7,8

"Left Lane Group"

"TimerPhaseAssign',1,0,3,0,5,0,7,0
"TimerGroupVolume',189.9,0,100,0,200,0,100,0 (veh/h)
"TimerGroupUniformbelay",46.875,0,30.966,0,42.179,0,30.966,0 (s/veh)
"TimerGrouplncDelay',2.534,0,.601,0,3.436,0,.601,0 (s/veh)
"TimerGroupD3Delay',0,0,0,0,0,0,0,0 (s/veh)
"TimerGroupUniformStops", .952,0,.716,0, .851,0,.716,0 (stops/veh)
"TimerGrouplncStops", .03,0,.013,0,.04,0,.013,0 (stops/veh)
"TimerGroupH3Stops',0,0,0,0,0,0,0,0 (stops/veh)
"TimerGroupFinalQue'”,0,0,0,0,0,0,0,0 (veh)
"Middle Lane Group"

"TimerPhaseAssign',0,2,0,4,0,6,0,8
"TimerGroupVolume',0,1000,0,278.6,0,949.3,0,278.6 (veh/h)
"TimerGroupUniformbelay",0,12.58,0,38.907,0,18.971,0,38.907 (s/veh)
"TimerGrouplncDelay",0,1.469,0,1.876,0,1.072,0,1.876 (s/veh)
"TimerGroupD3Delay',0,0,0,0,0,0,0,0 (s/veh)
"TimerGroupUniformStops",0, .358,0,.826,0, .566,0, .826 (stops/veh)
"TimerGrouplncStops",0, .025,0,.023,0,.019,0,.023 (stops/veh)
"TimerGroupH3Stops',0,0,0,0,0,0,0,0 (stops/veh)
"TimerGroupFinalQue™,0,0,0,0,0,0,0,0 (veh)
"Right Lane Group"

"TimerPhaseAssign',0,12,0,14,0,16,0,18
"TimerGroupVvolume',0,10,0,271.4,0,9.5,0,271.4 (veh/h)
"TimerGroupUniformbelay',0,13.86,0,38.95,0,13.684,0,38.95 (s/veh)
"TimerGrouplncDelay',0, .035,0,1.998,0,.027,0,1.998 (s/veh)
"TimerGroupD3Delay',0,0,0,0,0,0,0,0 (s/veh)
"TimerGroupUniformStops",0, .415,0, .827,0, .408,0, .827 (stops/veh)
"TimerGrouplncStops",0, .025,0,.024,0,.02,0,.024 (stops/veh)
"TimerGroupH3Stops',0,0,0,0,0,0,0,0 (stops/veh)
"TimerGroupFinalQue'”,0,0,0,0,0,0,0,0 (veh)

Figure 22, Sample Scenario Output File Content.
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FileName: The first line in Figure 22 lists the name of the subject scenario output file.

NbrSegments: The number of segments for which data are provided in the file. The data for segment 1
begin in the third row (the data for segment 2 are not shown).

SEGMENT: The values in this section describe the performance of the through movement on segment 1.
Each value represents an average for the analysis period. This section is repeated for each numbered
segment.

The fourth line identifies the two vehicle movements (by number) representing the major-street through
movements. Each movement is associated with one travel direction along the major street. Movement 2
(i.e., eastbound or northbound) is listed first. Movement 6 (i.e., westbound or southbound) is listed
second. This is a “header” line because it defines the order of presentation for the values are listed in the
subsequent rows for the segment. Specifically, the first value listed corresponds to movement 2 and the
second value listed corresponds to movement 6. For example, the row with the segment through delay
(SegThruDelay) shows 20.369 s/veh for the movement 2 travel direction, and 20.043 s/veh for the
movement 6 direction. The movement numbers are shown in Figure 23.

Minor Street

—> Vehicle Movements 14 4 7

JIL

Major Street \ 16
o —
2 —> r— 1
12 ﬁ

Figure 23. Intersection Traffic Movements and Numbering Scheme.
SegLength: The length of the segment. It is the same in each direction of travel.

SYSTEM: The values in this section describe the performance of the through movement on the facility.
They are computed from the through movement values for each segment. Each value represents an
average for the analysis period.

Nbrintersections: The number of intersections for which data are provided in the file. The data for
intersection 1 begin with the next row (the data for intersections 2 and 3 are not shown).

INTERSECTION: The values in this section describe the performance of all movements at intersection 1.
Each value represents an average for the analysis period. This section is repeated for each numbered
intersection.
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TimerPhaseAssign0: This variable lists the phase sequence using a dual-ring controller structure. The
first four numbers indicate the sequence for ring 1, as presented in the order listed. The last four numbers
indicate the sequence for ring 2. The numbers listed are the movement numbers associated with the
through and left-turn movements.

Left Lane Group: This text defines the section containing the data for the left lane groups at the
intersection. This lane group is used to describe the performance of any lane groups that serve a left-turn
movement in one or more exclusive lanes. If there are no exclusive-lane left-turn lane groups, then this
lane group is used to describe the shared lane serving left-turn and through movements. This lane group
is also used to describe the case where there is only one lane on the approach.

TimerPhaseAssign: This is a “header” row because it defines the order by which the values are listed in
the subsequent rows for the specified lane group. For example, the row with the uniform delay
(TimerGroupUniformDelay) shows 46.875 s/veh for movement 1, 30.966 s/veh for movement 3, etc.

Middle Lane Group: This text defines the section containing the data for the middle lane groups at the
intersection. This lane group is used to describe the performance of any lane groups that serve a through
movement in one or more exclusive lanes.

Right Lane Group: This text defines the section containing the data for the right lane groups at the
intersection. This lane group is used to describe the performance of any lane groups that serve a right-turn
movement in one or more exclusive lanes. If there are no exclusive-lane right-turn lane groups, then this
lane group is used to describe the shared lane serving right-turn and through movements.

SOFTWARE INSTALLATION

This section describes the steps involved in installing the reliability evaluation software. The installation
process consists of establishing the folder structure for the software, and saving the software in the
appropriate folder. The installation process does not require administrative access to the computer. It does
not make changes to the Windows registry. It does not add any shortcuts to the desktop or program
directory.

Step 1. Create a folder for the HCM executable file (e.g., C:\Users\ksmith\Documents\USRE). Save the
HCM executable file in this folder.

Step 2. Create a folder for the USCE workbook that is specific to the facility being evaluated (e.g.,
C:\Users\ksmith\Documents\USRE\10thStreet). Save the USCE workbook in this folder. Modify the
workbook file name by attaching a suffix to indicate that it applies to the facility. In the context of
evaluating various improvement strategies, this workbook would describe the comparator facility
(typically, the comparator is the “existing” facility). Enter data in this workbook.

If one or more improvement strategies are being considered, copy the USCE comparator workbook, and
rename it, to create one workbook for each strategy being considered. Specifically, modify the workbook
file name by attaching a suffix to indicate the specific strategy to which this workbook will apply.

Step 3. Create one folder for the USRE workbook that is specific to the facility being considered (e.g.,
C:\Users\ksmith\Documents\USRE\10thStreet\ex). Save the USRE workbook in this folder. Modify the
workbook file name to attach a suffix indicating the specific replication to which this workbook will
apply. Copy the USRE workbook, and rename it, to create one workbook for each replication being
considered.
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If one or more improvement strategies are being considered, create one folder for each strategy being
considered (e.g., C:\Users\ksmith\Documents\USRE\10thStreet\s1). Save a copy of the USRE workbook
in this folder. Modify the workbook file name to attach a suffix indicating the specific strategy and
replication to which this workbook will apply. Copy the USRE workbook, and rename it, to create one
workbook for each replication being considered.

Step 4. Create one folder for the data files that is specific to the facility and replication identified in Step
3 (e.g., C:\Users\ksmith\Documents\USRE\10thStreet\ex\repl). Repeat this step to create one folder for
each replication (e.g., C:\Users\ksmith\Documents\USRE\10thStreet\ex\rep2, etc.).

If one or more improvement strategies are being considered, create one folder for the data files that is
specific to the facility, strategy, and replication identified in Step 3 (e.g., C:\Users\ksmith\Documents\
USRE\10thStreet\s1\repl). Repeat this step to create one folder for each unique combination of strategy
and replication (e.g., C:\Users\ksmith\Documents\USRE\10thStreet\s1\rep2).

Step 5. Use the USCE comparator workbook set up in Step 2 to create an HCM dataset for the base
conditions on the facility (i.e., no work zones, no special events). Save this base dataset to each of the
replication folders created in Step 4 for the comparator facility.

If a work zone, special event, or both occur during the reliability reporting period, then use the USCE
workbook set up in Step 2 to create one HCM dataset for each unique occurrence. Save this alternative
dataset to the same replication folders in which the base dataset was saved. Each USCE workbook used to
create an alternative dataset may be renamed and saved, if desired.

If one or more improvement strategies are being considered, then process outlined in the preceding
paragraphs is repeated for each strategy. This process is described as follows:

For a given strategy, use the USCE workbook set up in Step 2 to create an HCM dataset for the base
conditions on the facility (i.e., no work zones, no special events). Save this base dataset to each of the
replication folders created in Step 4 for the specified strategy.

For a given strategy, if a work zone, special event, or both occur during the reliability reporting period,
then use the USCE workbook set up in Step 2 to create an HCM dataset for each unique occurrence. Save
this alternative dataset to the same replication folders in which the base dataset was saved. Each USCE
workbook used to create an alternative dataset may be renamed and saved, if desired.

Step 6. Run the USRE comparator workbooks set up in Step 3. One workbook was set up for each
replication. Each workbook should be coded so that the results from each run are saved in the appropriate
replication folder. After each run, the appropriate replication folder should contain one scenario dataset
file and one scenario output file for each analysis period associated with that replication.

If one or more improvement strategies are being considered, then process outlined in the preceding
paragraph is repeated for each strategy. This process is described as follows:

For a given strategy, run the USRE workbooks set up in Step 3. One workbook was set up for each
replication. Each workbook should be coded so that the results from each run should be saved in the
appropriate replication folder. After each run, the appropriate replication folder should contain one
scenario dataset file and one scenario output file for each analysis period associated with that replication.

Step 7. Use the Analysis worksheet in the USRE workbook to evaluate the results from the set of
replications for each alternative.
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Step 8. At the conclusion of the evaluation, archive (or delete) the files associated with this evaluation. As
a minimum, the data files in the replication folders should be archived (or deleted) due to their large
number.
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