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Instructor’s Notes
Introduction
Two new Highway Safety Manual (HSM) chapters were developed in NCHRP Project 17-45.  These chapters contain safety prediction methodologies for evaluating freeway facilities, including freeway sections and interchanges. An Excel®-based spreadsheet program, called the Enhanced Interchange Safety Analysis Tool (ISATe), was developed to assist with the numerous calculations required to implement these methodologies. The Enhanced Interchange Safety Analysis Tool: User Manual (ISATe User Manual) was also developed to guide analysts in the proper use of the program.

This Instructor Guide (Guide) documents a workshop that was developed for training in the use of the ISATe program for safety evaluation. The Guide contains the following items: workshop preparation procedures, for use prior to the workshop; descriptions of every slide, for use during the workshop; and reference material, for use after the workshop.
Workshop Description

The workshop is divided into lessons covering the following six topic areas:

· Overview of safety evaluation.

· Overview of software tool.

· Freeway segments.

· Interchange ramps.

· Crossroad ramp terminals.

Applications.

The workshop consists of approximately seven hours of instruction. It includes a presentation and interactive participant exercises using the ISATe program. The visual aids used in the workshop consist primarily of PowerPoint® slides. The workshop also includes eleven self-paced exercises for the participants to work on in an independent manner. These exercises are intended to give the participants an opportunity to learn how to use ISATe. For this reason, the exercises are somewhat idealized relative to real-world freeway conditions.

How to Use this Document

This Guide provides a course instructor with the information needed for course preparation and presentation. Specifically, guidance is provided regarding course handouts, visual aids, equipment requirements, and key messages of the various workshop slides.

The front portion of this Guide, titled “Instructor’s Notes”, should be read by the instructor when preparing for the workshop. This material explains the objectives and intended audience of the workshop. It describes the necessary materials for the instructor and the participants. It also provides a checklist of tasks to be completed before, during, and after the workshop.

The second portion of this Guide, titled “Workshop Lesson Slides,” should be reviewed by the instructor before the workshop and kept within view while presenting the workshop. This portion provides detailed information on specific slides in the presentation. It includes key messages to be emphasized during the presentation. It also includes background information that can help answer questions from participants.

The third portion of this Guide, titled “Solutions to Workshop Exercises,” provides additional helpful information. Most notably, it provides solutions to the exercises. It also provides an acronym and abbreviation list, as well as a list of references and source documents. This portion should be reviewed as needed, both before and during the workshop.
Workshop Objectives
There are two objectives of the workshop. The first objective is to inform participants about (a) the safety impacts of design alternatives and (b) the availability of a software tool (ISATe) for evaluating these safety impacts. The second objective is to demonstrate how to use ISATe to evaluate the safety performance of freeway facilities. This demonstration is accomplished with the use of hands-on exercises. At the beginning of each exercise, the participants are given input data describing a roadway facility, including geometry, traffic volumes, area type, traffic control, and other relevant information. The participants are then shown how to enter these data into the ISATe program, obtain information about the safety performance of the facility, and use these results to refine design or traffic control decisions.

After attending the workshop, participants should be able to apply ISATe to evaluate the safety associated with alternative freeway and interchange designs.
Intended Audience
The workshop is intended for engineers who have some responsibility for the design, operation, or planning of freeway facilities. The participants should have some familiarity with Part C of the HSM.
Participants’ Materials
Each participant is provided with one copy of the following materials:

· Course Notes.
· ISATe User Manual.
Compact disk (CD) containing the ISATe program.
The Course Notes booklet contains (a) handout-sized copies of the PowerPoint slides (with three slides per page and space to take notes), (b) worksheets used in the example problems, and (c) workshop evaluation forms that are filled out by the participants.
Instructor’s Materials
To conduct the workshop, the instructor must have the following materials:

· Instructor Guide.

· Course Notes.

· ISATe User Manual.

CD containing the ISATe program and the PowerPoint presentation slides.
Of these four items, the CD and the Instructor Guide are essential. The ISATe User Manual and the Course Notes should be available in case they are needed to answer questions from the participants.
Equipment Requirements
In the workshop classroom, a computer must be provided for the instructor. This computer must be connected to a projector for the purpose of displaying the PowerPoint presentation slides, and it must have a CD drive so the presentation slides can be accessed. 
The workshop classroom must also have computers available for each participant. Each computer must have a CD drive and Excel software so that the participants can use the ISATe program that is provided to them on a CD.

If it is desired to broadcast the workshop to additional locations via virtual teleconferencing (VTC), then the necessary equipment for VTC interfacing must also be provided.

Workshop Agenda
The workshop agenda is provided in Table 1. As shown, there are approximately seven hours of instruction. Three of the six lessons focus on safety performance functions (SPFs) and crash modification factors (CMFs) for the three facility component types—freeway segments, ramp segments, and ramp terminals—that are addressed by the ISATe program.

The lesson material was selected to explain the underlying principles of safety evaluation, introduce the participants to the ISATe program, and teach them how to use it to evaluate the safety of freeway facilities. To make efficient use of workshop time, the lessons that cover the safety prediction methodologies focus on the more nuanced aspects of the methodologies. Emphasis is given to input data requirements for complex conditions like weaving sections, barrier presence, horizontal curvature, and ramp terminal traffic control.

The exercises are developed such that participants are introduced to all three of the input data worksheets and all four of the output data worksheets in the ISATe program. The coverage of these worksheets, and the associated exercises, is summarized by lesson in Table 2.

Table 1. Workshop Agenda.

	Start Time
	Lesson
	Material Covered

	9:00
	Introduction
	

	9:30
	Lesson 1: Overview of Safety Evaluation
	Discussion of the predictive method for evaluating safety performance.

	10:30
	Break
	

	10:45
	Lesson 2: Overview of Software Tool
	Introduction to the ISATe program, explanation of its component worksheets, and application procedures.

	12:00
	Lunch Break
	

	1:00
	Lesson 3: Freeway Segments
	SPFs and CMFs for freeway segments, with emphasis on data requirements for the median barrier, high volume, and lane change CMFs.

	2:35
	Break
	

	2:50
	Lesson 4: Interchange Ramps
	SPFs and CMFs for ramp segments (including collector-distributor road segments), with emphasis on curve data requirements and procedures.

	3:35
	Lesson 5: Crossroad Ramp Terminals
	SPFs and CMFs for ramp terminals, with emphasis on definitions for key elements like configuration, lane count, skew angle, and median width.

	4:25
	Lesson 6: Applications
	Discussion of rationale and method for applying the predictive method in the analysis of project alternatives.

	4:45
	Wrap-Up and Adjourn
	


Table 2. Material Used in Workshop Lessons

	Lesson Number
	ISATe Worksheets Used
	Exercise Numbers

	1
	None
	None

	2
	All
	None

	3
	Main, Input Freeway Segments, Output Summary, Output Freeway Segments
	1-5

	4
	Main, Input Ramp Segments, Output Summary, Output Ramp Segments
	6-8

	5
	Main, Input Ramp Terminals, Output Summary, Output Ramp Terminals
	9-11

	6
	None
	None


Instructor’s Checklists
The following checklists summarize the key tasks that the instructor must complete before, during, and after the workshop.

Before the Workshop

· Confirm the date, time, and location of the workshop with the local coordinator.

· Obtain a count of expected participants no less than one week before the workshop.

· Order one set of participant materials for each participant, plus a few spare sets if desired.

· Order one set of instructor materials.

· If people will be participating in the workshop via VTC, make arrangements to ship the required number of course materials to each VTC meeting location.

· Make all necessary arrangements to travel to the workshop venue. This may include a rental or corporate vehicle, plane tickets, and a hotel room.

· If driving to the workshop venue, place the instructor materials and the needed number of sets of participant materials in a box to be brought to the venue. If flying to the workshop venue, pack the instructor materials with personal luggage or ship the participant materials to the venue.

· Obtain a copy of the roster of expected participants at the workshop venue.

· Review the portions of this Guide that address the workshop lessons.

· Save a copy of the PowerPoint file of the workshop slides on a USB memory drive to be brought to the workshop venue. It can serve as a back-up to the CD.
· Arrive at the workshop venue 45 minutes to an hour before the start of the workshop, to ensure that (a) the classroom can be arranged, (b) participants and the instructor can log into computers, and (c) VTC equipment is functional (if applicable).

· If the login data (name and password, as applicable) are not provided on the participants’ computers, write this information on a board where all participants can see.

· If the participants’ computers are connected to a shared network drive, determine how to make the ISATe program available via the shared network drive, in case some participants are unable to access CDs with their computers.

· Obtain the contact information for the information technology assistant at the workshop venue, in case equipment problems occur during the workshop.

· Distribute the participant materials to the participants in the classroom.

During the Workshop

· Start on time. Keep a copy of the workshop agenda in view and check it periodically to evaluate the presentation pace.

· If participants are attending via VTC, check that all VTC locations are online and capable of hearing and seeing the necessary information from the workshop venue. Perform this check at the beginning of the day and after the end of the lunch break on the first day.

· If participants are attending via VTC, mute the local microphone during break periods. During the course of the workshop, it may be necessary to remind people at the VTC locations to mute their microphones after asking questions.

· When participants begin to work on an interactive exercise, remind them to turn to the back portion of their Course Notes booklets. These pages contain the input data and space for them to record their answers.

· Walk among the local participants as they work on interactive exercises and offer help when needed. When most of the participants are finished, return to the instructor’s computer and continue presenting the workshop material.

After the Workshop

· Near the end of the workshop, ask the participants to fill out their course evaluation forms.

· Collect the completed course evaluation forms from the local participants, and instruct the VTC participants to submit their course evaluation forms to their local training coordinators.

· Distribute course completion certificates if these are provided.

· Collect unused copies of the participant materials.

· Obtain all course evaluation forms before presenting the next workshop offering. Review the participants’ comments and make necessary adjustments.

Workshop Lesson Slides
Introduction

Slide 1
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Key Message:

None.
Interactivity:

Follow up: Verify that all participants are in the correct training room and attending the correct workshop.

Follow up: If some participants are attending via VTC, verify that all remote locations are connected to the main classroom.

Slide 2
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Key Message:

This slide begins the Introductory lesson. It outlines the three main topics of discussion in this lesson. It is also a good time to introduce the instructors and, possibly, have round-table introductions by the participants.
Interactivity:

Ask: Do all participants have the following items?

· Course Notes.

· ISATe User Manual.

· CD inside the back cover of the Course Notes.

· Pencil or pen.

Slide 3
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Key Message:

One objective of this course is to inform participants about the safety impacts of some freeway design alternatives and options. Many individual geometric design and traffic control features have some influence on crash frequency and severity. 

A second objective of the course is to demonstrate the proper use of a newly developed software tool for the evaluation of freeway and interchange safety.

At the conclusion of the course, the participants should be able to apply the software tool to typical freeway and interchange designs for the purpose of evaluating the safety of design alternatives. The one-day time period available for training will limit the depth to which the predictive methods used in the tool can be examined in this workshop. 
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Key Message:

The workshop is intended for engineers involved with freeway design, operation, or management. Familiarity with Part C of the HSM will help the participants benefit more fully from the workshop’s material. 
Interactivity:

Tell: The term “freeway facility” will be used repeatedly in this workshop. A freeway facility consists of a freeway section and, possibly, one or more interchanges. 
Tell: Prior to the safety evaluation, the freeway and interchange are disaggregated into a set of individual sites. A site is a segment or a crossroad ramp terminal. The freeway section is disaggregated into one or more freeway segments. The ramp is disaggregated into one or more ramp segments. 
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Key Message:

This workshop and its content were developed as part of NCHRP Project 17-45. One key product of this project is the draft HSM chapters that describe the predictive methods for freeway facilities. Another key product is the software program that implements these methods. 
Background:

NCHRP Project 17-45 started in May 2009 and concluded in February 2012. Key research products include two draft chapters for the next edition of the HSM. One chapter addresses freeway segments and speed-change lanes. The other chapter addresses ramp segments and ramp terminals. A software program that automates the predictive methods described in these new chapters is also a key research product.
Notes:

The documents produced in NCHRP Project 17-45 are listed in the section titled “List of References and Source Documents” at the end of this Guide.
The workshop focuses on the following materials that were developed for NCHRP Project 17-45: Draft HSM Freeways chapter, Draft HSM Ramps chapter, and the ISATe program. The draft chapters are included in the project final report.
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Key Message:

Two web sites are available for HSM-related safety resources. The final report for NCHRP Project 17-45 is available from NCHRP on the Project 17-45 home page.
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Key Message:

This slide outlines the three lessons completed before the lunch break.
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Key Message:

This slide outlines the three lessons completed after the lunch break.
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Key Message:

Questions are encouraged. The instructor will periodically ask if anyone has questions, but participants do not have to save their questions until invited to ask.

Lesson 1: Overview of Safety Evaluation

Slide 10
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Key Message:

This slide begins Lesson 1. It outlines the four main topics of discussion in this lesson.
Slide 11
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Key Message:

Some designers too frequently adhere to minimum values for some design criteria. They assume that the use of these minimum values will ensure an adequate level of safety. However, adherence to minimum criteria may not be sufficient in all cases. Rather, the designer’s goal should be to achieve the highest level of safety within project constraints. In some situations, this may require designing more generously than required by a criterion’s minimum value.
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Key Message:

A predictive method in the HSM consists of a predictive model and guidance for using this model. The predictive model includes a safety performance function (SPF), multiple crash modification factors (CMFs), and a calibration factor. These model components are used to estimate the predicted average crash frequency for a site of interest. The estimate from the predictive model can be adjusted using the empirical Bayes method, if crash data are available for the site being analyzed. 
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Key Message:

An SPF predicts crash frequency for a segment (or intersection) with “base” conditions.
Interactivity:

Tell: An SPF is used to obtain an estimate of crash frequency for an individual segment (or intersection) that has “base” conditions. For a freeway segment, base conditions include 12-ft lanes, 10-ft outside shoulders, etc.

Tell: An SPF includes the exposure measures of traffic volume (AADT) and segment length.

Tell: SPFs may be sensitive to crash severity, crash type, area type, and number of lanes. For example, an SPF may be developed to predict multiple-vehicle fatal-and-injury crashes in urban areas on six-lane freeways. 
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Key Message:

The CMFs represent the change in crash frequency associated with a specific change in geometry, relative to a stated base condition. They are used to adjust the SPF estimate to reflect any non-base conditions present at a specific site. NCHRP Project 17-45 developed 13 CMFs for the freeway predictive model, 9 CMFs for the ramp predictive model, and 11 CMFs for the crossroad ramp terminal predictive model.
Interactivity:

Tell: CMFs are used to adapt an SPF prediction (which assumes base conditions) to non-base conditions that may be present at the subject site.

Tell: An individual CMF can also be used to account for changes in a specific geometric design or traffic control feature that may occur with the reconstruction of a site or the application of a treatment.

Tell: A CMF value of 1.00 is obtained when the condition of the associated design or traffic control feature is consistent with base conditions.

Slide 15
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Key Message:

CMFs adjust the SPF predictions for non-base conditions that may be present.

Interactivity:

Tell: The concept of a CMF is illustrated using an existing four-lane freeway segment. Consider the Lane width CMF. The relationship between CMF value and lane width is shown in the graph.
Tell: The x-axis of the chart represents lane widths ranging from 10.5 ft to 14 ft. The y-axis represents the range of CMF values associated with the lane-width range.

Tell: The blue arrows show how to determine the Lane width CMF for base conditions. The base condition is a 12-ft lane width. Locate 12 ft on the x-axis, draw a vertical arrow up to the CMF trend line, and draw a horizontal arrow over to the y-axis. Find a CMF value of 1.00.

Tell: The red arrows show how to determine the lane width CMF for conditions at the example freeway segment. The segment has 11-ft lanes. Locate 11 ft on the x-axis, draw the vertical arrow up to the CMF trend line, and draw a horizontal arrow over to the y-axis. Find a CMF value of 1.04.

Ask: What is the meaning of this result?

Tell: Because the segment’s lane width is narrower than base conditions, the segment is expected to experience four percent more crashes than a segment with base conditions.

Slide 16
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Key Message:

The predictive models should be calibrated to produce estimates that more closely match local conditions. The calibration factor “C” should be used for this purpose.
Background:

The predictive models were developed from the most complete and consistent data sets available. However, the general level of crash frequencies may vary substantially from one jurisdiction to another for a variety of reasons including climate, driver populations, animal populations, crash reporting thresholds, and crash reporting system procedures. Therefore, for these predictive models to provide results that are meaningful and accurate for each jurisdiction, it is important that they be calibrated for application in the jurisdiction in which they are applied.
Interactivity:

Tell: The data sets used to develop the safety prediction models for freeway facilities represent the States of Washington, California, and Maine. Calibration will account for any differences between local sites and those represented in the three states used to develop the models.

Tell: It is recommended that new values of the calibration factors be derived every two to three years. Some ISATe users may prefer to develop calibration factors on an annual basis.

Tell: The calibration factor C is included in the predictive model. A C value of 1.0 indicates that the predicted and observed crash counts match. A C value greater than 1.0 indicates that the predicted crash count underestimates the observed crash count. A C value less than 1.0 indicates that the predicted crash count overestimates the observed crash count.

Slide 17
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Key Message:

The empirical Bayes adjustment is used to combine the estimate from the predictive model with observed crash data to produce a more reliable estimate of the expected average crash frequency for a given site. The refined estimate is computed as a weighted average of the prediction model estimate and the actual crash history of the facility, where the weighting factor considers the level of uncertainty in both the model and the observed crash data.

Interactivity:

Tell: The estimated crash frequency Np comes from the safety prediction model. It represents the best estimate of the average crash frequency at sites similar to the site of interest. It has some uncertainty because of unexplained differences among the sites used to calibrate the model.
Tell: The estimated crash frequency X/3 comes from the observed crash data. It is specific to the site of interest and reflects its unique character (which may differ slightly from the sites used to calibrate the predictive model). It has some uncertainty because of the large random variability inherent to crash data.

Tell: The empirical Bayes adjustment weighs both Np and X/3 to provide a more reliable estimate of the expected average crash frequency Ne.

Notes:

The use of the empirical Bayes adjustment is detailed in Appendix B of the ISATe User Manual.
Slide 18
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Key Message:

The use of the empirical Bayes adjustment is optional. The benefit of its use is that it produces a more reliable estimate of the expected average crash frequency. If the analyst desires to make this adjustment, then he or she must determine whether it can be used for the project of interest. Criteria are available in Appendix B of the ISATe User Manual to determine if the empirical Bayes adjustment can be used. 
Interactivity:

Tell: The analyst should first decide if the empirical Bayes adjustment is applicable to the project of interest. Criteria are provided n Appendix B to guide this decision. For example, the empirical Bayes adjustment requires that no major changes in lane count or alignment occur between the crash period (the years during which crash data were collected) and the study period (the year[s] during which an estimate of crash frequency is desired).

Tell: Also, the empirical Bayes adjustment requires one year of recent crash data and, desirably, two or more years.

Tell: Next, the analyst must decide whether to apply the adjustment at the project level or the site level. The project-level adjustment requires the identification of crashes that occurred on the subject facility (within the project limits) during the crash period.

Tell: The site-specific adjustment requires the assignment of crashes to individual sites. This variation provides a more reliable estimate than the project-level adjustment, but it can only be used if the crash location information is sufficient to allow crashes to be assigned accurately to individual sites.
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Key Message:

The predictive method described in the HSM consists of an 18-step process that is used to evaluate the safety performance of an individual site, a group of sites, or a roadway facility. ISATe also follows these 18 steps. NCHRP Project 17-45 developed one severity distribution function for each freeway facility component. It is used to predict a severity distribution for each site, based on the features of that site.

Interactivity:

Tell: The predictive method described in the HSM consists of an 18-step process. They describe the process for evaluating a site of interest. The steps are repeated for each site in the project of interest. 

Tell: Each predictive method in the HSM includes a table with typical severity distribution proportions. This distribution is used to estimate the crash frequency associated with each severity level. 
Tell: NCHRP Project 17-45 developed one severity distribution function (SDF) for each freeway facility component. The SDF is a predictive model that includes variables for various geometric design and traffic control features. It is used to predict a severity distribution for each site, based on the features of that site. 

Tell: ISATe also follows the HSM’s 18-step predictive method. The first 6 steps consist of the data assembly activities that are completed by the analyst. These steps are the same as those described in the HSM. 
Tell: Step 7 in ISATe calls for initiating the calculation process, whereupon ISATe automates the remaining steps of the HSM predictive method.

Tell: We will discuss each of these steps in the next few slides.

Slide 20

[image: image20.jpg]Step 1 “

* |dentify Project Limits
— Define limits of roadway section of interest

* May equal limits of design project
* May only be a short length of road within the project
— May include one or more sites

— Establish reference line for freeway, ramp, C-D roads

* Freeway: inside edge of traveled way in increasing milepost
direction of travel

* Ramp and C-D road: right edge of traveled way in the
direction of travel

HSM




Key Message:

The first step in ISATe implementation is to identify the project limits for the facility of interest.

Interactivity:

Tell: Step 1 of ISATe implementation is to identify the project limits.

Tell: In step 1, define the limits of the roadway section of interest. These limits will depend on the purpose of the study. The study may be limited to one specific site or, to a group of contiguous sites. Alternatively, the limits can be extended to include the entire project, or to a short length of roadway in one portion of the project. If comparing design alternatives, the project limits should be the same for all alternatives.
Tell: The project limits may include one or more sites, where a site is a freeway segment, a ramp or collector-distributor (C-D) road segment, or a crossroad ramp terminal.

Tell:  The analyst should identify (or establish) the reference line for the freeway, each ramp, and each C-D road. For the freeway, this line is defined as the inside edge of traveled way in the increasing milepost direction of travel. For the ramp and C-D road, this line is defined as the right edge of traveled way in the direction of travel. All lengths along the roadway are determined using this line.
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Key Message:

The second step in ISATe implementation is to define the study period. If the empirical Bayes adjustment will be applied, then the crash period must also be defined.
Interactivity:

Tell: Step 2 of ISATe implementation is to define the study period. This period consists of consecutive years for which an estimate of the expected average crash frequency is desired. It could represent one or more years in the future or the past.
Tell: The crash period is defined when the empirical Bayes adjustment will be applied. It consists of consecutive years for which reported crash data are available. Hence, this period must occur in the past. 
Tell: The evaluation period is the combination of the study period and the crash period. Each year in the evaluation period is separately evaluated for each site, as part of the 18-step predictive method.

Tell:  (segue) Let’s take a closer look at these three time periods...
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Key Message:

The study period can be a past time or a future time, depending on the type of analysis desired. The crash period is always in the past, and is needed only if the empirical Bayes (EB) adjustment is desired.

Interactivity:

Tell: This graph shows an illustration of the two components of an evaluation period. The 
x-axis shows the passage of time in years, and the y-axis is crash frequency.

Tell: The three solid points represent a three-year study period. Each year has its own estimate of crash frequency. These estimates are obtained by implementing the predictive method once for each year.

Tell: The three open points represent a three-year crash period. Each year has its own crash count that is derived from crash data.

Tell: The evaluation period is comprised of the crash period and the study period. If the crash period does not exist, then the evaluation period represents the same years as the study period. Similarly, if the crash period is the same as the study period, then the evaluation period represents the same years as the study period.
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Key Message:

The third step in ISATe implementation is to acquire traffic volume and, if the EB adjustment is applied, crash data.

Interactivity:

Tell: Step 3 of ISATe implementation is to acquire traffic volume and crash data. The crash data are needed only if the EB adjustment is applied.

Tell: For traffic data, AADT volumes are needed for at least one year in the evaluation period. AADT volumes for missing years are estimated by the software according to rules described in Step 3 of the ISATe User Manual.

Tell: To evaluate a freeway segment, AADT volumes must be provided for the segment itself and for the four nearest ramps. If the ramp volumes are not available, Chapter 3 of the ISATe User Manual provides default values that can be used.

Tell: Crash data are optional.  They are needed if the EB adjustment is used.

Tell: Reported crash counts are needed for the crash period. They should be categorized as fatal-or-injury (FI) or property-damage-only (PDO), and as multiple vehicle (MV) or single vehicle (SV).
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Key Message:

The fourth step in ISATe implementation is to acquire geometric design and traffic control data.

Interactivity:

Tell: Step 4 of ISATe implementation is to acquire geometric design and traffic control data.

Tell: Geometric design data include alignment variables like curve radius and location, and cross section variables like lane width and shoulder width.

Tell: Traffic control data include control type and left-turn operational mode at ramp terminals.

Tell: Data for geometric design and traffic control features are needed for the study period. If the EB adjustment is applied, then they are also needed for the crash period. These features typically do not change between the two periods. However, if there is a change for any feature, it must be reflected in the input data.
Tell: Chapter 2 of the ISATe User Manual provides a detailed description of the required input data.
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Key Message:

The fifth step in ISATe implementation is to divide the project into individual sites.

Interactivity:

Tell: Step 5 of ISATe implementation is to divide the analyzed project into its component sites. These sites can be freeway segments, ramp or C-D road segments, or crossroad ramp terminals.

Tell: Once the site boundaries are established, the data acquired in Steps 3 and 4 are assigned to each site and then entered into ISATe on a site-by-site basis.

Tell: The segmentation process will be discussed after we finish with the discussion of steps 1 to 7. 
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Key Message:

The sixth step in ISATe implementation is to assign reported crashes to the sites at which they occurred.

Interactivity:

Tell: Step 6 of ISATe implementation is to assign reported crashes to individual sites. This step applies only if the site-specific EB adjustment is applied.

Tell: Each reported crash in the project limits is assigned to a site. In the case of crashes near ramp terminals, the crash needs to be assigned either to the terminal or to a connecting roadway segment, depending on the characteristics of the crash.

Tell: In this illustration, all crashes that occurred in the regions marked “A” are assigned and classified as intersection crashes. Crashes in the regions marked “B” may be segment- or intersection-related, depending on their characteristics. The specific characteristics used to make this determination are described in Appendix B of the ISATe User Manual.
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Key Message:

Speed-change-related crashes include all crashes that are located between the gore point and the taper point of a speed-change lane and that 
a. involve vehicles in the speed-change lane, 
b. involve vehicles in the freeway lanes on the same side of the freeway as the speed-change lane, or 
c. occur in the median by a vehicle traveling in a lane on the same side of the freeway as the speed-change lane and in the same basic direction as vehicles in the speed-change lane. 
All freeway crashes that are not classified as speed-change-related crashes are considered to be freeway segment crashes.

Interactivity:

Tell: A speed-change lane is a location on a freeway mainline where an entrance or exit ramp is connecting to the mainline. Two examples are shown—a parallel design on the top, and a taper design on the bottom.

Tell: The beginning and ending points of a speed-change lane are defined by the gore and taper points. The gore point is located where the marked gore is two feet wide.

Tell: All crashes that occurred within the regions marked “A” are classified as speed-change lane crashes. All crashes that occurred within the regions marked “B” are classified as freeway segment crashes.

Background:
This definition is used because “speed-change-related” crashes are not specifically identified on crash reports.
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Key Message:

The seventh step in ISATe implementation is to initiate the calculations of expected crash frequency and review the results.

Interactivity:

Tell: Step 7 of ISATe implementation is to initiate the calculations of expected crash frequency for the sites that comprise the project being analyzed. These calculations are implemented by the software, and proceed site-by-site and year-by-year.

Tell: ISATe provides the analysis results in terms of crash totals and CMF values. The crash totals are aggregated by severity level and crash type, for each site and for the entire project.
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Key Message:

The segmentation process involves dividing a roadway facility into sites. A site is a homogeneous segment or an intersection. A crossroad ramp terminal is considered to be a special type of intersection.

Interactivity:

Tell: This illustration shows a plan view of an interchange and freeway. The freeway is shown at the bottom of the slide. The ramps associated with one freeway travel direction are shown in the middle of the slide.

Tell: The freeway and ramps are divided into sites. These sites include freeway segments, C-D road segments, ramp segments, and a ramp terminal. Guidance on determining the location of the boundaries between the sites is presented in the following slides. More details on the segmentation process are provided in Chapter 2 of the ISATe User Manual.
Tell: Crossroad segments are beyond the scope of this workshop and the ISATe software tool. However, the predictive models in HSM Chapters 10, 11, and 12 for rural two-lane road segments, rural multilane highway segments, and urban and suburban arterial segments, respectively, can be used to evaluate crossroad segments.
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Key Message:

Homogeneous segments are defined during the segmentation process based on their basic character.

Interactivity:

Tell: A homogeneous segment should have the same basic character for its entire length. Basic character includes considerations of geometry, traffic volume, and area type.

Tell: Key geometric variables like number of lanes and the widths of lanes, shoulders, median, and clear zones should not vary along the length of a homogeneous segment.
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Key Message:

Segment boundaries are defined where key geometric variables change or ramps connect with the segment.

Interactivity:

Tell: Begin a new segment if the number of lanes changes. A different SPF will apply to the segment if the number of lanes increases or decreases.

Tell: Begin a new segment if the rounded lane width changes. In this case, measure the lane width at successive points along the roadway. Compute an average lane width for each point and round this average to the nearest 0.5 ft. Begin a new segment if the rounded value for the current point changes from that of the previous point (e.g., from 11.5 to 12.0 ft).

Tell: This approach is also used for both the inside shoulder width and the outside shoulder width. However, these widths are rounded to the nearest 1.0 ft.

Tell: Begin a new segment at the gore point of every ramp. The gore point of a ramp typically indicates the presence of lane-changing or weaving maneuvers and traffic volume changes.

Tell: The approach used for lane width is also used for clear zone width and for median width. However, the rounding interval is 5 ft for clear zone width and 10 ft for median width.  Also, if the median width exceeds 90 ft, then median width is not a criterion for segmentation. This treatment reflects the fact that median widths in excess of 90 ft were not found to have a significant influence on safety.
Tell: The first four criteria apply to freeway and ramp segments. The criteria for median width and clear zone width apply only to freeway segments.

Slide 32

[image: image32.jpg]Segmentation Process ‘

* Freeways
— Begin segment at gore point
* Ramp and C-D Road Segments
— Begin segment as gore point (= ramp-mile 0.0)

/ Begin freeway segment at gore point

Ramp-mile 0.0

Hgm Begin ramp segment at gore point
Fonuar





Key Message:

Freeway, ramp, and C-D road segments begin at the gore point, which is defined as the point where the marked gore is 2 ft wide. 
Interactivity:

Tell: The gore point is used to define the beginning of the ramp segment, and the beginning of the freeway segment. The gore point is the location where the marked gore is 2 ft wide.  
Tell: The drawing shows a ramp diverging from a freeway. The ramp could also be shown diverging from another ramp, or a C-D road. The concept is still the same – a segment begins at the gore point.
Tell: The gore point is also used to define the start of the ramp, which is labeled “ramp-mile 0.0.” The location of each downstream ramp curve is specified as the distance from this point to the point where the curve begins (i.e., the curve PC).
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Key Message:

When lanes are added or dropped, begin a new segment at the upstream taper point in the direction of traffic flow.

Interactivity:

Tell: The left drawing shows a lane added by taper (the added lane is not associated with a ramp or a weaving section). A new segment is started at the upstream taper point. The number of lanes for the segment is specified as equal to the number of lanes just beyond the end of the taper. In this case, the number of lanes for the segment shown is 5.

Tell: The right drawing shows a lane dropped by taper (the dropped lane is not associated with a ramp or a weaving section). As before, the new segment is started at the upstream taper point. As before, the number of lanes for the segment is specified as equal to the number of lanes just beyond the end of the taper. In this case, the number of lanes for the segment shown is 4.

Tell: In both cases, the lane counts are obtained downstream of the lane add or drop in the direction of traffic flow.
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Key Message:

Begin a new segment at the location of any gore point associated with a ramp or a merging of two freeway mainlines.

Interactivity:

Tell: Generally, a new segment is defined at any gore point. In this illustration, a segment is shown beginning at the gore point of a ramp on a freeway segment.

Tell: The ramp is also associated with a lane added by ramp (it is not an auxiliary lane associated with a weaving section). The segment has 5 through lanes.
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Key Message:

Begin a new segment where the rounded median width changes, provided that the median is 90 ft or less in width. If the median width exceeds 90 ft, then median width is not a criterion for segmentation.
Interactivity:

Tell: Segment 1 has a rounded median width of 70 ft.

Tell: The beginning of segment 2 is defined as the location where the rounded median width first changes to 80 ft.
Tell: Similarly, Segment 3 begins at the point where the rounded median width first changes to 90 ft. Segment 4 begins where the rounded median width first changes to 80 ft. Segment 5 begins where the rounded median width first changes to 70 ft.
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Key Message:

The presence of short segments dictated by ramp spacing or other issues may make it difficult to assign crashes to segments accurately.

Interactivity:

Tell: In this drawing, the staggered locations of ramps on the two freeway roadbeds cause a short segment to exist between the gore points of the two ramps.

Tell: If the length of this segment is shorter than the precision of the crash location information, then the site-specific EB Method cannot be used. An alternative option is to use the project-level EB Method.
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Key Message:

New segments are defined at any location of notable change in geometric design elements or where gore points are present.

Interactivity:

Tell: In this example freeway section, the beginning of segment 1 is defined where the lane width changed by 1 ft.

Tell: Segments 2 and 3 begin at the location of the gore points for the diamond interchange ramps.

Tell: Segment 4 begins and ends at the locations where the median width changes due to the convergence of the mainline roadbeds.

Slide 38

[image: image38.jpg]9
Segmentation Process _v.'
* Application

— 3 freeway segments

— 5 C-D road segments

— 5 ramp segments

PLAN VIEW

Ramp Ext

Ramp Entrance

Lengih, L

Crassroat





Key Message:

In the illustrated example, there are fourteen sites. Three are freeway segments, five are C-D road segments, five are ramp segments, and one is a ramp terminal.

Interactivity:

Tell: In this example, most of the segment boundaries are defined by the locations of gore points.

Tell: Three of the ramps are represented by one segment that extends for the entire length of the ramp. In contrast, the diagonal exit ramp has two segments. The break between the sites labeled Rex3 and Rex4 is determined by a change in lane width on the ramp.

Tell: If the EB adjustment is used, crashes that occurred on the sites labeled Ren1 and Rex4 need to be examined to determine if they are “intersection related” crashes (i.e., associated with the crossroad ramp terminal). All intersection-related crashes need to be assigned to the ramp terminal (not the ramp).
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Lesson 2: Overview of Software Tool
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Key Message:

This slide begins Lesson 2. It outlines the main topics of discussion in this lesson.
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Key Message:

ISATe can be used to evaluate an individual site (segment or ramp terminal) or a freeway facility comprised of adjacent sites that form a freeway and, possibly, an interchange.
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Key Message:

ISATe is limited in the number and type of sites that it can evaluate.

Interactivity:

Tell: The site types that are not addressed by ISATe include freeways with continuous-access HOV lanes or buffer-separated managed lanes, metered ramps, frontage roads, and crossroad speed-change lanes.

Tell: In the case of freeways with barrier-separated managed lanes, ISATe can be used to estimate the crash frequency for the general purpose lanes, but not those in the managed lanes.

Tell: The ISATe program can model up to 20 freeway segments, 40 ramp (or C-D road) segments, and 6 crossroad ramp terminal sites at a time. These limits were established so ISATe could be used to evaluate up to two interchanges and the freeway section between them.
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Key Message:

ISATe is comprised of eleven worksheets. The use of these worksheets will be discussed in the following slides.

Interactivity:

Tell: Insert your CD into your computer’s CD drive and open the ISATe Excel® spreadsheet file. If prompted, click the button to enable macros. The procedure for enabling macros is described in Chapter 1 of the ISATe User Manual.
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Key Message:

The Welcome worksheet is the first worksheet seen when ISATe is opened. The color-coded tabs on the bottom of the screen are used to access different worksheets.

Interactivity:

Tell: The blue box indicates the location of the worksheet tabs. These tabs are color-coded to indicate the purpose of each worksheet.

Tell: Green tabs indicate worksheets with general or introductory information.

Tell: The pink tab is the Main worksheet, which is accessed every time calculations are initiated.

Tell: Blue tabs indicate input data worksheets. These worksheets are used to describe sites that are included in the analysis.

Tell: The white tab is the Output Summary worksheet, where calculation results are aggregated across all sites.

Tell: Gray tabs indicate output data worksheets. These sites provide detailed output data for each site that was described in the input data worksheets.

Tell: The yellow tab is the Calibration Factors worksheet. This worksheet can be used to adjust model coefficients and default crash distributions.
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Key Message:

The Introduction worksheet provides an overview of ISATe and key concepts from the User Manual. The Main worksheet is used to input basic data about the project and evaluation scope, and to initiate calculations.

Interactivity:

Tell: Click on the Introduction tab.

Tell: The upper portion of the Introduction worksheet contains some basic information about the ISATe program and a brief explanation of each worksheet.

Tell: Scroll down to see the remaining portions of the Introduction worksheet. Information is provided on the use of controls in the input data worksheets, organization of output data, and calibration factors.

Tell: Information is also provided to clarify various nuances of coding complex geometric conditions. Specifically, information is provided to illustrate speed-change lane locations, weaving section configurations, milepost locations on ramp segments, ramp terminal configurations, and measurement of ramp terminal variables.

Tell: Click on the Main tab.

Tell: The Main worksheet is used to input some basic project data and to initiate calculations. This worksheet will be covered in greater detail momentarily.
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Key Message:

ISATe has three input data worksheets and four output data worksheets.

Interactivity:

Tell: ISATe has three input data worksheets. These worksheets are used to describe freeway segments, ramp segments (including C-D road segments), and ramp terminals. These worksheets can be used together to describe a freeway facility that is comprised of multiple site types.

Tell: ISATe has four output data worksheets. The Output Summary worksheet aggregates the calculation results for all sites included in the input data worksheets. The latter three output data worksheets provide calculation results for individual sites.
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Key Message:

The following slides will focus on three worksheets (Main, Input Freeway Segments, and Output Summary) to demonstrate the typical sequence of tasks to analyze an example freeway section.

Interactivity:

Tell: Only three of the eleven worksheets are used to evaluate a basic freeway section. They are the Main, Input Freeway Segments, and Output Summary worksheet. Their use consists of four steps.

Tell: The first step in a freeway section analysis is to input basic data in the Main worksheet. 
Tell: The second step is to input site data in the Input Freeway Segments worksheet. 
Tell: The third step is to return to the Main worksheet and start the calculations.

Tell: The fourth step is to review the results in the Output Summary worksheet.
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Key Message:

The cells in ISATe are color-coded to guide the analyst. Notes are also provided to clarify requirements for input data.

Interactivity:

Tell: Click on the Main tab in the ISATe program. Data entered in this worksheet include analyst and site name, analysis date, area type (i.e., rural or urban) and analysis type (i.e., type of EB adjustment used, if any).
Tell: Many of the cells in the ISATe worksheets are white or gray. These cells contain description or heading information. They are protected to prevent alteration by the analyst.

Tell: Some cells are blue. These cells are used to provide input data to describe the site(s) being analyzed.

Tell: Many of the white or gray cells have red triangle symbols in their upper-right corners. When the mouse cursor is placed over the red triangles, message boxes appear. These messages contain information to clarify requirements or procedures for measuring and entering input data.
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Key Message:

There are three methods for entering data into blue cells. Blue cells may require text, numeric values, or choices from a list.

Interactivity:

Tell: Some blue data entry cells require text information. Three examples in the Main worksheet include the cells for project description, analyst name, and date.

Tell: Many blue cells require numeric values. Examples in the Main worksheet include the cells where years are entered. Examples in the Input Freeway Segments worksheet include the cells for inside shoulder width and median width.

Tell: Note that some of the blue cells have message boxes that appear when the cell is selected. These messages specify permitted ranges for the quantity being input. For example, the median width entry cells in the Input Freeway Segments worksheet can accept median width values as narrow as twice the inside shoulder width or as wide as 90 ft.

Tell: Some blue cells have gray buttons that appear when the cells are selected. These cells have a set of permitted values that can are shown in a drop-down list when the gray button is clicked. For example, the area type entry cell in the Main worksheet will only accept “urban” or “rural”.
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Key Message:

In the Main worksheet, the study period is defined by entering the first and last years of the analysis.
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Key Message:

Several analysis types are supported in ISATe. One analysis type involves using only predictive models, with no crash data to conduct an EB adjustment.

Interactivity:

Tell: There are three analysis types that can be conducted with ISATe. Regardless of the analysis type, the study period always defines the years for which an estimate of crash frequency is desired.

Tell: One analysis type supported by ISATe is an exclusive application of a predictive model, without the use of crash data to apply an EB adjustment. For this analysis type, every year in the study period is evaluated.
Tell: The graph shows the passage of time on the x-axis and crash frequency on the y-axis. Each point represents the expected crash frequency for one of the three years in the study period.
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Key Message:

Two analysis types involving the use of EB adjustment are supported by ISATe. One analysis type is the project-level EB adjustment and the other is the site-specific EB adjustment. Both require the use of crash data.

Interactivity:

Tell: The other two analysis types supported by ISATe involve application of predictive models and the use of crash data to apply an EB adjustment. One type is the site-specific EB adjustment and the other is the project-level EB adjustment. For these two analysis types, every year in the study period and every year in the crash period is evaluated.

Tell: Input data must be provided to describe the site(s) for both the crash period and the study period. These data should reflect changes in traffic volume or geometric design between the two periods.
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Key Message:

The analysis type is specified in the Main worksheet. Different analysis types may be used for different site types.

Interactivity:

Tell: In the illustrated example, no crash data are available for the freeway segments, so the choice “No crash data” is selected from the drop-down list. As a result, the analysis of the freeway segments in the facility of interest will involve only applying the predictive models.

Tell: In the illustrated example, crash data are available for the ramp segments. However, the crashes cannot be accurately assigned to individual segments, so the choice “Data for all segments combined” is selected from the drop-down list. The analysis of the ramp segments will involve the project-level EB adjustment.

Tell: In the illustrated example, crash data are available for the ramp terminals. The crashes can be assigned to individual terminals, so the choice “Data for each individual terminal” is selected from the drop-down list. The analysis of the ramp terminals will involve the site-specific EB adjustment.

Tell: Notice that the analysis type can be chosen once for each site type. In this example, all freeway segments will be analyzed without EB adjustment, all ramp segments will be analyzed with project-level EB adjustment, and all ramp terminals will be analyzed with site-specific EB adjustment.

Tell: In cases where an EB adjustment is used, the same crash period must be used for all sites of a given type.
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Key Message:

The input data worksheets are organized with a data entry area, advisory messages, and an input echo area.

Interactivity:

Tell: Click on the Input Freeway Segments tab. In a typical freeway section analysis, this worksheet is used after the basic data are entered into the Main worksheet.

Tell: The upper-left portion of the worksheet is the data entry area. This portion is dominated by blue cells. The input data to describe each freeway segment are entered here.

Tell: The lower-left portion of the worksheet is the advisory messages area. This portion appears blank when ISATe is first opened. If erroneous or illogical input data values are entered, advisory messages will appear in this portion of the worksheet when the “Check Input Values” button is clicked. Subsequent button clicks will update the advisory messages or remove them if they no longer apply.

Tell: The upper-right portion of the worksheet is the input echo area. This portion contains a copy of the input data that were entered into the data entry area. The echoed input data is updated every time the “Echo Input Values” button is clicked. This procedure is optional. It is available so the program’s acceptance of the input data can be verified.

Tell: This same organization is used on all the input data worksheets.
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Key Message:

In the input data worksheets, the data entry areas are arranged with one column per segment and one row per data element.

Interactivity:

Tell: In the Input Freeway Segments worksheet, each column in the data entry area represents one freeway segment. If an analysis type involving EB adjustment is chosen, two columns will be provided for each freeway segment—one for the crash period, and one for the study period.

Tell: Each row represents one data element. In the example graphic, rows are shown for number of lanes and for lane width.
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Key Message:

Several functions are provided to manage data entered in the input data worksheets. These functions include clearing the worksheet, echoing input values, and checking input values. They are activated by clicking buttons in the upper-left portion of the worksheet.

Interactivity:

Tell: The first management function is clearing the worksheet. This action is performed by clicking the “Clear” button.

Tell: The second management function is echoing the input data values. This action is performed by clicking the “Echo Input Values” button. The echoed data appear to the right of the data entry area.

Tell: The third management function is checking input values. This action is performed by clicking the “Check Input Values” button. If needed, advisory messages will appear below the data entry area.

Tell: Advisory messages and echoed input values are updated every time the relevant button (“Check Input Values” or “Echo Input Values”) is clicked.
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Key Message:

When the “Check Input Values” button is clicked, advisory messages appear if input data values are missing, illogical, or contradictory.

Interactivity:

Tell: On this example worksheet, there are two input data errors. As a result, advisory messages appeared when the “Check Input Values” button was clicked.

Tell: The first error relates to the length of barrier. In the segment length cell (the upper cell with an arrow), a segment length of 0.09 mi was entered. In one of the median barrier length cells (the lower cell with an arrow), a median barrier length of 0.091 mi was entered. It is not possible to have a median barrier piece longer than the segment length. Hence, the first advisory message indicates that the maximum median barrier length is 0.09 mi.

Tell: The second error relates to the median barrier offset. An offset value must be provided for every barrier piece, but the data entry cell corresponding to the entered median barrier piece is blank. Hence, an advisory message reading “need data” appears for the barrier offset variable.

Tell: After all input data are entered, click the “Check Input Values” button and check for advisory messages. If any messages appear, correct the data entry errors and click the “Check Input Values” button again. Continue this process until all error messages are gone.
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Key Message:

The rows in the input data worksheets are arranged in logical groups to facilitate data entry.

Interactivity:

Tell: Notice that there are seven groups of rows in the Input Freeway Segments worksheet. Each group is headed by a row with a gray background.

Tell: Scroll down to the “Traffic Data” section in the Input Freeway Segments worksheet. This section (and the “Crash Data” section just below it) will be explained in greater detail in the following slides.
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Key Message:

In the “Traffic Data” section, AADT volumes need to be entered for at least one year, and can be entered for all years in the evaluation period.

Interactivity:

Tell: The ISATe program requires that at least one year of AADT data be provided. AADT volumes for missing years are estimated by the software according to procedures described in Step 3 of the Analysis Steps in Chapter 2 of the ISATe User Manual.
Tell: In the illustrated example, two blocks of blue rows are shown for freeway segment 1. The first block is for the crash period and the second block is for the study period. These periods were specified as 2005-2007 and 2013-2015, respectively, in the Main worksheet. The other cells are white, which indicates that volume data are not needed for these years.
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Key Message:

In the “Crash Data” section, crash counts need to be entered if an EB adjustment is desired.

Interactivity:

Tell: Go back to the Main worksheet and select “Data for each individual segment” for the crash data description for freeway segments.

Tell: Return to the Input Freeway Segments worksheet. The crash data rows should appear as shown in this slide. The cells with a blue background specify a crash count for each segment and year in the crash period.

Tell: The cells shown in blue are for the site-specific EB adjustment. A different set of cells would be shown with a blue background if the project-level EB adjustment were desired (specify “Data for all segments combined” in the Main worksheet). 
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Key Message:

ISATe presents calculation results in four worksheets. One worksheet provides aggregated results across all sites, and the other three provide detailed results for each of the three site types.
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Key Message:

The Output Summary worksheet provides aggregated results for an entire facility.

Interactivity:

Tell: Click on the Output Summary tab.

Tell: The Output Summary worksheet provides aggregated results for the entire facility.

Tell: The Output Summary worksheet also aggregates the results by facility component type (i.e., site type), year, crash type, and severity.

Tell: (segue) Let’s take a closer look at the output data...
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Key Message:

The Output Summary worksheet provides the estimated number of crashes and estimated crash frequency for the entire facility during the study period. It also provides the estimated number of crashes for each facility component.

Interactivity:

Tell: Under the subheading “Crashes for Entire Facility”, the Output Summary worksheet provides the estimated number of crashes and the estimated crash frequency for the entire facility. It provides these measures for total crashes, and for each severity level (K, A, B, C, and PDO).

Tell: Under the subheading “Crashes by Facility Component”, the Output Summary worksheet provides the estimated number of crashes for each of the facility component types—freeway segments, ramp segments (including C-D road segments), and ramp terminals. It provides these measures for total crashes and for each severity level (K, A, B, C, and PDO).
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Key Message:

The Output Summary worksheet provides the distribution of crashes for the entire facility. This distribution is a matrix, with the rows corresponding to the different crash types and the columns corresponding to the crash severity levels.

Interactivity:

Tell: Under the subheading “Distribution of Crashes for Entire Facility”, the Output Summary worksheet provides a crash distribution matrix. Each row in the matrix represents one crash type (head-on, rear-end, etc.). Each column in the matrix represents one severity level (K, A, B, C, or PDO).

Tell: Some of the numbers in this matrix represent partial aggregations. For example, two rows provide the total counts of multiple-vehicle crashes and single-vehicle crashes.
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Key Message:

The three detailed output worksheets are arranged with sections showing calculations for CMF values, crash estimates, and traffic volume data.

Interactivity:

Tell: Click on the Output Freeway Segments tab.

Tell: Under the “Crash Modification Factors” heading (denoted by gray cells), the computed values for all CMFs are provided. Some of the CMFs (e.g., lane change) are computed for every year in the evaluation period because their values are affected by traffic volume, which may change between years.

Tell: Under the “Expected Average Crash Frequency” heading, computed crash counts are provided. The crash counts are computed for each year because traffic volume may change between years.

Tell: Under the “Traffic Data” heading, the AADT volumes for the freeway segments and the adjacent ramps are shown for each year in the evaluation period. 
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Key Message:

Computed data in the output data worksheets are organized in various categories to help analysts diagnose possible problems and identify sites with potential for safety improvement.
Interactivity:

Tell: The CMF calculations are grouped by fatal-and-injury and property-damage-only categories.

Tell: Like the CMFs, the expected average crash frequency computations are also grouped by fatal-and-injury and property-damage-only categories. They are further categorized by crash type—multiple-vehicle, single-vehicle, ramp entrance, and ramp exit. This approach is used because different SPFs are used to compute each of these crash categories. Fatal-and-injury crash frequencies are also aggregated by injury level (K, A, B, or C).

Tell: The AADT volumes used in the evaluation are displayed in the Traffic Data section. Any volume that was entered in the input worksheets is repeated in this section. A volume was estimated for any year in which a volume was not input (i.e., the data entry cell was left blank). The estimated volumes are also displayed in this section.
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Key Message:

The Calibration Factors worksheet can be used to update the calibration factors to reflect local conditions. 

The SPF coefficients may be changed; however, changes to these coefficients should be undertaken with considerable care given the extensive nature of the research undertaken to define them.
Background:

The HSM recommends recalibration every 2 to 3 years using data local to the jurisdiction. Appendix A of of the ISATe User Manual contain information about calibration procedures.
Interactivity:

Tell: Click on the Calibration Factors tab. It is the second worksheet tab from the right.

Tell: The yellow cells in the Calibration Factors worksheet contain predictive model coefficients and calibration factors. These cells can be changed, like the blue cells in the input data worksheets. The yellow color indicates that the cells can be changed, but should be changed only after carefully following the guidelines in Appendix A of the ISATe User Manual.

Tell: Calibration factors must be based on data from sites local to the project being evaluated.

Tell: The calibration factors represent multiplicative adjustments to the predictive model estimate of crash frequency. For example, a calibration factor of 1.10 would increase model estimates by 10 percent.
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Key Message:

The Calibration Factors worksheet contains proportions that represent the crash type category distribution for different crash types. This worksheet can be used to update the crash type distribution factors to reflect local conditions. 

Interactivity:

Tell: The Calibration Factors worksheet can be used to adjust the computed distribution of crashes among the crash type categories. In this illustrated example, cells are shown that contain the distribution proportions for multiple-vehicle crashes on rural freeway segments.

Tell: A different set of proportions is used for multiple-vehicle and single-vehicle crashes because the crash type categories differ between the crash types.

Tell: Appendix A of the ISATe User Manual provides guidance on computing crash type distribution proportions. These proportions should be computed using data from sites that are local to the project being evaluated.
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Lesson 3: Freeway Segments
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Key Message:

This slide begins Lesson 3. It outlines the three main topics of discussion in this lesson.
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Key Message:

The SPF for freeway segments predicts an increase in crash frequency as traffic volume increases. The model predicts fewer crashes for a given volume if more lanes are provided or the area type is rural.

Interactivity:

Tell: The freeway segment SPF is sensitive to the exposure variables of traffic volume and segment length.

Tell: There is a different set of SPF coefficients a and b for different area types (rural or urban), numbers of lanes, crash types (multiple-vehicle, single-vehicle, ramp entrance, or ramp exit), and crash severity categories (fatal-and-injury or PDO).

Tell: The SPF shows an increase in crash frequency as traffic volume increases. The model predicts fewer crashes for a given volume if more lanes are provided or the area type is rural.

Tell: The graph shows the SPF for fatal-and-injury crashes. Similar trends occur for PDO crashes.
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Key Message:

There are 13 CMFs available for freeway segments in ISATe.

Interactivity:

Tell: There are 13 CMFs available for freeway segments. Most of them are functions of geometric variables like lane width, shoulder width, or horizontal curvature.

Tell: The CMFs were calibrated at the same time as the freeway segment SPFs and were developed to work with the SPFs. They are based on the same specified base conditions as the SPFs.

Tell: The CMFs were calibrated to work in combination with each other, such that they do not overestimate the safety influence of any specific geometric variable.
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Key Message:

The 13 CMFs can be used to adjust the estimate from the SPF for non-base conditions that may exist for the listed attributes.

Interactivity:

Tell: The estimated crash frequency for a given freeway segment is obtained from a freeway segment SPF. The CMFs are used to adjust the estimate if any of the attributes of the subject freeway segment deviate from the base conditions.

Tell: Note the procedure for measuring ramp entrance speed-change lane length. The illustration shows a parallel ramp and a tapered ramp. In both cases, the ramp length is measured from the gore point (where the marked gore is 2 ft wide) to the taper point. The lengths of ramp entrances and exits are required in the Input Freeway Segments worksheet. The same two reference points are used to measure the ramp exit speed-change lane length.
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Key Message:

Descriptions of continuous median barriers and barrier pieces must be entered into the Input Freeway Segments worksheet.

Interactivity:

Tell: One of the freeway segment CMFs quantifies the effect of median barrier on crash frequency. Hence, information to describe median barriers must be entered into the Input Freeway Segments worksheet.

Tell: Two types of median barrier can be modeled—continuous barrier that runs the entire segment length, and short barrier pieces that exist to protect objects like sign supports.

Tell: To describe a continuous median barrier, it is necessary to specify its location in the median as “center” or “offset”. If it is offset, the distance from the barrier face to the closest roadbed traveled way is entered into the worksheet.

Tell: If short barrier pieces are present, they are described in terms of their length and average offset.

Slide 75

[image: image75.jpg]Median Barrier

* Example
— Four pieces
1. Length (L, ,) = 0.05 mi, offset (W ;) 13.67 ft
2. Length (L, ,) = 0.02 mi, offset (W ,) 4.67 ft
1. Length (L, ;) = 0.02 mi, offset (W .) 4.67 ft
2. Length (L, ,) = 0.05 mi, offset (W ,) 13.67 ft

} Direction 1

} Direction 2





Key Message:

To compute the Median barrier CMF, it is necessary to provide a length and an average offset for every barrier piece in the median.

Interactivity:

Tell: Consider the illustrated example of barrier segments protecting a sign support. There are two barrier pieces shown. One piece is on each side of the sign support. For a given piece, there is a portion that runs parallel to the freeway traveled way and another portion that angles away from the traveled way. Given this geometry, the best way to evaluate each barrier is to consider it to consist of two pieces, as shown in the slide. 
Tell: The four pieces are numbered from left to right in the slide, and listed from top to bottom. The first barrier piece runs diagonally near the bottom portion of the drawing. For this barrier piece, the length is 0.05 mi, which is measured parallel to the traveled way. The offset is 13.67 ft. This value is measured at a location that is visually estimated to represent the average offset for the entire barrier piece. This distance is measured from the edge of the traveled way to the barrier face.

Tell: The second barrier piece runs parallel to the roadbed on the bottom of the drawing. For this barrier piece, the length is 0.02 mi and the offset is 4.67 ft.

Tell: The third and fourth barrier pieces are located near the top portion of the drawing and have the same measurements as the first and second barrier pieces.

Tell: Note the method for measuring median width. As shown on the right side of the drawing, median width is measured between the inside edges of the traveled ways in each direction of travel. That is, it includes the width of the inside shoulder.

Tell: Note that all length dimensions are measured in miles and all width dimensions are measured in feet. This convention is true for all input data cells in ISATe.
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Key Message:

To reduce input data collection effort, barrier pieces with the same average offset can be grouped together.

Interactivity:

Tell: Continuing with the example from the previous slide, the length of the first and fourth barrier pieces can be added because they have the same average offset (13.67 ft). In other words, these barrier pieces can be regarded as one piece with an offset of 13.67 ft and a length of 0.10 mi, which is the combined length of the two pieces.

Tell: Similarly, the second and third barrier pieces have the same average offset (4.67 ft), so they can be regarded as one piece with an offset of 4.67 ft and a length of 0.04 mi, their combined length.
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Key Message:

The High volume CMF estimates the effect of recurring congestion on crash frequency. This CMF uses the measure of proportion of AADT occurring in hours where the volume exceeds 1,000 veh/h/ln.

Interactivity:

Tell: The High volume CMF uses the proportion of AADT occurring in hours where the volume exceeds 1,000 veh/h/lane to approximate the safety effect of congested operation.

Tell: This proportion Phv will exceed 0.0 if hourly volumes on the freeway segment are continuously high or if a few very-high peak hours exist.

Tell: Use hourly volume data from the nearest traffic count station to estimate Phv.

Tell: In the illustrated example, the white bars represent a freeway with consistently high volumes from about 7 AM to about 10 PM. On this freeway, Phv is computed to be 0.89.

Tell: In the illustrated example, the blue bars represent a freeway with volumes that approach, but never exceed, 1,000 veh/h/lane. On this freeway, Phv is computed to be 0.00.
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Key Message:

The High volume CMF shows that multiple-vehicle crashes increase and single-vehicle crashes decrease with higher traffic volumes.

Interactivity:

Tell: The base condition of the High volume CMF is Phv  = 0.0, which means that there are no hours during the average day where the traffic volume exceeds 1,000 veh/h/lane. 
Tell: The proportion Phv can range from 0.0 to 1.0.

Tell: The illustrated trends show that when Phv increases, multiple-vehicle crashes increase and single-vehicle crashes decrease. 
Tell: If the proportion Phv cannot be obtained, default values can be used as an estimate. These default values are provided in Chapter 3 of the ISATe User Manual. When the input data cells for Phv are left blank in ISATe, the program uses these default values.
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Key Message:

To apply the Lane change CMF, the presence and length of Type B weaving sections must be indicated in ISATe.

Interactivity:

Tell: The Lane change CMF accounts for the effect of lane-changing maneuvers on crash frequency. These maneuvers can be notably intense in some weaving sections. The input data needed to use this CMF include the ramp AADT volume and whether a Type B weaving section is present.  If a Type B weaving section is present, then its length is also input.

Tell: Different weaving section types are illustrated on this slide. At a Type B weaving section one of the weaving maneuvers can be completed without a lane change, and the other weaving maneuver requires one lane change.
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Key Message:

The Lane change CMF requires information about the locations and volumes of ramps in the vicinity of the freeway segment.

Interactivity:

Tell: To apply the Lane change CMF, it is necessary to specify the locations and volumes of ramps in the vicinity of the freeway segment. In particular, the nearest upstream entrance ramps and the nearest downstream exit ramps are of interest.

Tell: Ramps are described in terms of their AADT volume and their distance from the beginning or ending point of the segment, as measured from the ramps’ gore points.

Tell: Upstream exit ramps and downstream entrance ramps are not relevant to the Lane change CMF. In the drawing, an exit ramp is shown upstream of the freeway segment for traffic moving in the direction of decreasing milepost. Information about this ramp is not needed to apply the Lane change CMF.

Tell: In the drawing, all of the required ramp distances are labeled X, and all of the required volumes are labeled AADT.
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Key Message:

If a ramp is located at the beginning or end of the freeway segment, the ramp’s volume is still needed for the application of the Lane change CMF.

Interactivity:

Tell: Recall that new freeway segments are defined at the gore points of ramps. In this illustration, the gore point of an entrance ramp is located at the beginning of the segment.

Tell: Data to describe the ramp at the beginning of the segment are still required. In this case, the ramp AADT volume is input and the ramp type is input (ISATe will automatically enter the distance X as 0.0).
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Key Message:

ISATe can be used to estimate the crash frequency for the urban six-lane freeway segment described by the input data, which are entered in the Main worksheet and the Input Freeway Segments worksheet.

Interactivity:

Tell: For this exercise and the following four exercises, a freeway project is defined to exist between the middle two interchanges on the drawing. The project consists of four segments. The first four exercises will examine each of four segments within the project limits.

Tell: This exercise is guided. The given input data will be reviewed on the next few slides, and then the participants will enter the data into ISATe and follow along as the instructor does the same.

Tell: The subject segment is shown in gray. Go to pages 52 and 53 in the Course Notes booklet, where the input data are repeated and space is provided to record answers.

Tell: The first two bullet items and the area type (urban) need to be entered in the Main worksheet. Under “Crash Data Description” in the Main worksheet, “No crash data” must be selected in the drop-down menu for freeway segments. The rest of the input data are entered in the Input Freeway Segments worksheet.

Slide 83

[image: image83.jpg]— Exercise 1: Freeway Segment

* Given

— Travel in increasing milepost direction
* Ramp entrance in segment: no
— Distance to upstream entrance ramp gore: 0.7 mi

* Ramp exit in segment: no
— Distance to downstream exit ramp gore: 0.5 mi

* Type B weave in segment: no

- Subject segment

Weaving Section Increasing milepost

—_—

—~

03 04 03 03 0.1 04 02 02 08 02
- > - > D = - > > >

Segment length (mi)





Key Message:

ISATe can be used to estimate the crash frequency for the urban six-lane freeway segment described by the input data, which are entered into the “Ramp Access Data” portion of the Input Freeway Segments worksheet.

Interactivity:

Tell: In the illustration, the direction of increasing milepost is left to right. For traffic flowing in this direction, the entrance and exit ramps required for the “Ramp Access Data” portion of the worksheet are located at the first and third interchanges on the drawing.

Tell: There is no ramp entrance on the segment in the increasing milepost direction. The distance to the nearest upstream entrance ramp gore is 0.7 mi. This ramp is located at the first interchange on the drawing.

Tell: There is no ramp exit on the segment in the increasing milepost direction. The distance to the nearest downstream exit ramp gore is 0.5 mi. This ramp is located at the third interchange on the drawing.

Tell: There is no Type B weaving section on the segment in the increasing milepost direction.
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Key Message:

ISATe can be used to estimate the crash frequency for the urban six-lane freeway segment described by the input data, which are entered into the “Ramp Access Data” portion of the Input Freeway Segments worksheet.

Interactivity:

Tell: In the illustration, the direction of decreasing milepost is right to left. For traffic flowing in this direction, the entrance and exit ramps required for the “Ramp Access Data” portion of the worksheet are located at the third and first interchanges on the drawing.

Tell: There is no ramp entrance on the segment in the decreasing milepost direction. The distance to the nearest upstream entrance ramp gore is 0.5 mi. This ramp is located at the third interchange on the drawing.

Tell: There is no ramp exit on the segment in the decreasing milepost direction. The distance to the nearest downstream exit ramp gore is 0.7 mi. This ramp is located at the first interchange on the drawing.

Tell: There is no Type B weaving section on the segment in the decreasing milepost direction.
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Key Message:

ISATe can be used to estimate the crash frequency for the urban six-lane freeway segment described by the input data, which are entered into the “Traffic Data” portion of the Input Freeway Segments worksheet.

Interactivity:

Tell: For proportion of AADT during high-volume hours, leave the input data cell blank. This way, the default value will be used by ISATe.

Tell: AADT volumes are available for the year 2014. The freeway segment AADT volume is 86,000 veh/day, and the AADT volume for each of the ramps is 6,100 veh/day.
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Key Message:

After the input data are entered in the Input Freeway Segments worksheet, the input values should be checked. Then, the results can be generated.

Interactivity:

Follow up: Exit the PowerPoint slides and open ISATe. Spend a few minutes entering the data into the appropriate worksheets and allow the participants to follow along.

Tell: Click the “Check Input Values” button in the Input Freeway Segments worksheet. There should be no advisory messages below the input data cells. If any messages appear, check and fix the relevant inputs.

Tell: Go to the Main worksheet and click the “Perform Calculations” button. The program will take a few seconds to perform the calculations and generate the results.

Ask: What is the total predicted number of crashes for Segment 1?

Tell: Find the answer on row 447 of the Output Freeway Segments worksheet.

Tell: The answer is 15.833 crashes for the study period (2013-2015).
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Key Message:

The predicted crash frequency obtained for segment 1 in Exercise 1 can be improved with the use of crash data and an EB adjustment.

Interactivity:

Tell: For this exercise, the predicted crash frequency obtained in Exercise 1 will be improved through the use of EB adjustment.

Tell: Go to page 53 in the Course Notes booklet, where the input data are repeated and space is provided to record answers.

Tell: In the Main worksheet, the drop-down menu for freeway segments must be changed to “Data for each individual segment”, and the first and last years of the crash period must be specified. The traffic volumes and crash counts are entered in the Input Freeway Segments worksheet.

Tell: It will be necessary to re-enter the traffic volumes for the correct years. Verify that volumes are entered for the years 2006 and 2014. The given crash counts represent 3-year totals and can be entered for any one year in the crash period (2005, 2006, or 2007).

Tell: Spend a few minutes entering the input data into ISATe. Work with the Main worksheet and the portions of the Input Freeway Segments worksheet labeled as “Traffic Data” and “Crash Data”. Re-run the calculations after entering the data.
Follow up: Leave the instructor’s podium and walk around the room as the participants work on the exercise. Offer help to individual participants when needed. When the participants appear to have finished entering the data on this slide, return to the instructor’s podium and continue the workshop presentation.
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Key Message:

After the input data are entered in the Input Freeway Segments worksheet, the input values should be checked. Then, the results can be generated.

Interactivity:
Tell: The data need to be entered into two columns—one for the crash period, and one for the study period. The number of lanes cannot change between the two periods.

Tell: Click the “Check Input Values” button in the Input Freeway Segments worksheet, and verify that no advisory messages appear. Then, run the calculations by clicking the “Perform Calculations” button in the Main worksheet.

Ask: What is the total expected number of crashes for segment 1?

Tell: Find the answer on row 447 of the Output Freeway Segments worksheet.

Tell: The answer is 13.421 crashes for the study period (2013-2015).
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Key Message:

ISATe can be used to compute the expected crash frequency for the urban six-lane freeway segment described by the input data, which are entered in the Main worksheet and the Input Freeway Segments worksheet.

Interactivity:

Tell: In this exercise, the second of the four segments within the project limits is analyzed. Use a new column in the Input Freeway Segments worksheet to analyze this segment.

Tell: This exercise is guided. The input data will be reviewed in the next few slides, and then the participants will enter the data into ISATe and follow along as the instructor does the same.

Tell: The subject segment is shown in gray. Go to pages 54 and 55 in the Course Notes booklet, where the input data are repeated and space is provided to record answers.

Tell: Most of the input data on this slide are the same as for Exercise 1. Changed values are underlined.
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Key Message:

ISATe can be used to compute the expected crash frequency for the urban six-lane freeway segment described by the input data, which are entered into the “Ramp Access Data” portion of the Input Freeway Segments worksheet.

Interactivity:

Tell: In the illustration, the direction of increasing milepost is left to right. For traffic flowing in this direction, the entrance ramp required for the “Ramp Access Data” portion of the worksheet is located on the segment, and the required exit ramp is located at the third interchange on the drawing.

Tell: There is a ramp entrance on the segment in the increasing milepost direction. It is associated with a lane add.

Tell: There is no ramp exit on the segment in the increasing milepost direction. The distance to the nearest downstream exit ramp gore is 0.4 mi. This ramp is located at the third interchange on the drawing.

Tell: There is a Type B weaving section on the segment in the increasing milepost direction. Its total length is 0.5 mi, and its length on the segment is 0.1 mi. That is, it is present along the entire length of the segment and beyond.
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Key Message:

ISATe can be used to compute the expected crash frequency for the urban six-lane freeway segment described by the input data, which are entered into the “Ramp Access Data” portion of the Input Freeway Segments worksheet.

Interactivity:

Tell: In the illustration, the direction of decreasing milepost is right to left. For traffic flowing in this direction, the entrance and exit ramps required for the “Ramp Access Data” portion of the worksheet are located at the third and first interchanges on the drawing.

Tell: There is no ramp entrance on the segment in the decreasing milepost direction. The distance to the nearest upstream entrance ramp gore is 0.4 mi. This ramp is located at the third interchange on the drawing.

Tell: There is no ramp exit on the segment in the decreasing milepost direction. The distance to the nearest downstream exit ramp gore is 1.0 mi. This ramp is located at the first interchange on the drawing.

Tell: There is no Type B weaving section on the segment in the decreasing milepost direction.
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Key Message:

ISATe can be used to compute the expected crash frequency for the urban six-lane freeway segment described by the input data, which are entered into the “Traffic Data” and “Crash Data” portions of the Input Freeway Segments worksheet.

Interactivity:

Tell: For proportion of AADT during high-volume hours, leave the input data cell blank. This way, the default value will be used by ISATe.
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Key Message:

After the input data are entered in the Input Freeway Segments worksheet, the input values should be checked. Then, the results can be generated.

Interactivity:
Tell: In this exercise, some of the computed CMFs will be larger than 1.0, indicating that some of the segment’s attributes tend to increase crash frequency when compared to base conditions.

Tell: The data need to be entered into two columns—one for the crash period, and one for the study period. The number of lanes cannot change between the two periods.

Follow up: Exit the PowerPoint slides and open ISATe. Spend a few minutes entering the data into the appropriate worksheets and allow the participants to follow along.

Tell: Click the “Check Input Values” button in the Input Freeway Segments worksheet, and verify that no advisory messages appear. Then, run the calculations by clicking the “Perform Calculations” button in the Main worksheet.

Ask: What is the total expected number of crashes for segment 2?

Tell: Find the answer on row 447 of the Output Freeway Segments worksheet.

Tell: The answer is 6.921 crashes for the study period (2013-2015).
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Key Message:

ISATe can be used to compute the expected crash frequency for the urban six-lane freeway segment described by the input data, which are entered in the Main worksheet and the Input Freeway Segments worksheet.

Interactivity:

Tell: In this exercise, the third of the four segments within the project limits is analyzed. Use a new column in the Input Freeway Segments worksheet to analyze this segment.

Tell: This exercise is guided. The input data will be reviewed in the next few slides, and then the participants will enter the data into ISATe and follow along as the instructor does the same.

Tell: The subject segment is shown in gray. Go to pages 56 and 57 in the Course Notes booklet, where the input data are repeated and space is provided to record answers.

Tell: Most of the input data on this slide are the same as for Exercise 2. Changed values are underlined.
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Key Message:

ISATe can be used to compute the expected crash frequency for the urban six-lane freeway segment described by the input data, which are entered into the “Ramp Access Data” portion of the Input Freeway Segments worksheet.

Interactivity:

Tell: In the illustration, the direction of increasing milepost is left to right. For traffic flowing in this direction, the entrance ramp required for the “Ramp Access Data” portion of the worksheet is located at the second interchange on the drawing, and the required exit ramp is located on the segment.

Tell: There is no ramp entrance on the segment in the increasing milepost direction. The distance to the nearest upstream entrance ramp gore is 0.1 mi. This ramp is located at the second interchange on the drawing.

Tell: There is a ramp exit on the segment in the increasing milepost direction. It is associated with a lane drop.

Tell: There is a Type B weaving section on the segment in the increasing milepost direction. Its total length is 0.5 mi, and its length on the segment is 0.4 mi. That is, it is present along the entire length of the segment and beyond.
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Key Message:

ISATe can be used to compute the expected crash frequency for the urban six-lane freeway segment described by the input data, which are entered into the “Ramp Access Data” portion of the Input Freeway Segments worksheet.

Interactivity:

Tell: In the illustration, the direction of decreasing milepost is right to left. For traffic flowing in this direction, the entrance and exit ramps required for the “Ramp Access Data” portion of the worksheet are located at the third and second interchanges on the drawing.

Tell: There is a ramp entrance on the segment in the decreasing milepost direction. It merges with the segment at a speed-change lane. The length of the ramp entrance is 0.133 mi (or 700 ft, which can be entered with an equation “=700/5280” in ISATe). Its entire length is on the segment.

Tell: There is a ramp exit on the segment in the decreasing milepost direction. It diverges from the segment at a speed-change lane. The length of the ramp entrance is 0.066 mi (or 350 ft, which can be entered with an equation “=350/5280” in ISATe). Its entire length is on the segment.

Tell: There is no Type B weaving section on the segment in the decreasing milepost direction.
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Key Message:

ISATe can be used to compute the expected crash frequency for the urban six-lane freeway segment described by the input data, which are entered into the “Traffic Data” and “Crash Data” portions of the Input Freeway Segments worksheet.

Interactivity:

Tell: For proportion of AADT during high-volume hours, leave the input data cell blank. This way, the default value will be used by ISATe.
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Key Message:

After the input data are entered in the Input Freeway Segments worksheet, the input values should be checked. Then, the results can be generated.

Interactivity:
Follow up: Exit the PowerPoint slides and open ISATe. Spend a few minutes entering the data into the appropriate worksheets and allow the participants to follow along.

Tell: Click the “Check Input Values” button in the Input Freeway Segments worksheet, and verify that no advisory messages appear. Then, run the calculations by clicking the “Perform Calculations” button in the Main worksheet.

Ask: What is the total expected number of crashes for segment 3?

Tell: Find the answer on row 447 of the Output Freeway Segments worksheet.

Tell: The answer is 28.789 crashes for the study period (2013-2015).
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Key Message:

ISATe can be used to compute the expected crash frequency for the urban six-lane freeway segment described by the input data, which are entered in the Main worksheet and the Input Freeway Segments worksheet.

Interactivity:

Tell: In this exercise, the fourth of the four segments within the project limits is analyzed. Use a new column in the Input Freeway Segments worksheet to analyze this segment.

Tell: This exercise is guided. The input data will be reviewed in the next few slides, and then the participants will enter the data into ISATe and follow along as the instructor does the same.

Tell: The subject segment is shown in gray. Go to pages 58 and 59 in the Course Notes booklet, where the input data are repeated and space is provided to record answers.

Tell: Most of the input data on this slide are the same as for Exercise 3. Changed values are underlined.
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Key Message:

ISATe can be used to compute the expected crash frequency for the urban six-lane freeway segment described by the input data, which are entered into the “Ramp Access Data” portion of the Input Freeway Segments worksheet.

Interactivity:

Tell: In the illustration, the direction of increasing milepost is left to right. For traffic flowing in this direction, the entrance and exit ramps required for the “Ramp Access Data” portion of the worksheet are located at the first and third interchanges on the drawing.

Tell: There is no ramp entrance on the segment in the increasing milepost direction. The distance to the nearest upstream entrance ramp gore is 0.5 mi. This ramp is located at the second interchange on the drawing.

Tell: There is no ramp exit on the segment in the increasing milepost direction. The distance to the nearest downstream exit ramp gore is 0.8 mi. This ramp is located at the fourth interchange on the drawing.

Tell: There is no Type B weaving section on the segment in the increasing milepost direction.

Slide 101

[image: image101.jpg]— Exercise 4: Freeway Segment

* Given

— Travel in decreasing milepost direction
* Ramp entrance in segment: no
— Distance to upstream entrance ramp gore: 0.8 mi

* Ramp exit in segment: no
— Distance to downstream exit ramp gore: 0.4 mi

* Type B weave in segment: no

- Subject segment

Weaving Section

Increasing milepost
St My

Segment length (mi)

03 04 03 03 0.1 04 0.2 02 06 02
- > > = > > e > > >





Key Message:

ISATe can be used to compute the expected crash frequency for the urban six-lane freeway segment described by the input data, which are entered into the “Ramp Access Data” portion of the Input Freeway Segments worksheet.

Interactivity:

Tell: In the illustration, the direction of decreasing milepost is right to left. For traffic flowing in this direction, the entrance and exit ramps required for the “Ramp Access Data” portion of the worksheet are located at the third and first interchanges on the drawing.

Tell: There is no ramp entrance on the segment in the decreasing milepost direction. The distance to the nearest upstream entrance ramp gore is 0.8 mi. This ramp is located at the fourth interchange on the drawing.

Tell: There is no ramp exit on the segment in the decreasing milepost direction. The distance to the nearest downstream exit ramp gore is 0.4 mi. This ramp is located at the second interchange on the drawing.

Tell: There is no Type B weaving section on the segment in the decreasing milepost direction.
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Key Message:

ISATe can be used to compute the expected crash frequency for the urban six-lane freeway segment described by the input data, which are entered into the “Traffic Data” and “Crash Data” portions of the Input Freeway Segments worksheet.

Interactivity:

Tell: For proportion of AADT during high-volume hours, leave the input data cell blank. This way, the default value will be used by ISATe.
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Key Message:

After the input data are entered in the Input Freeway Segments worksheet, the input values should be checked. Then, the results can be generated.

Interactivity:
Follow up: Exit the PowerPoint slides and open ISATe. Spend a few minutes entering the data into the appropriate worksheets and allow the participants to follow along.

Tell: Click the “Check Input Values” button in the Input Freeway Segments worksheet, and verify that no advisory messages appear. Then, run the calculations by clicking the “Perform Calculations” button in the Main worksheet.

Ask: What is the total expected number of crashes for segment 4?

Tell: Find the answer on row 447 of the Output Freeway Segments worksheet.

Tell: The answer is 10.666 crashes for the study period (2013-2015).
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Key Message:

ISATe can be used to compute the expected crash frequency for the urban six-lane freeway section described by the preceding four exercises.

Interactivity:

Tell: The four freeway segments in the preceding four exercises comprise a 1.0-mile freeway section.

Tell: Go to page 60 in the Course Notes booklet, where the input data are repeated and space is provided to record answers.

Ask: What is the total expected number of crashes for the freeway section?

Tell: The input data have already been entered in the preceding four exercises. ISATe provides aggregated output data to answer the question in this exercise.

Tell: Check row 21 of the Output Summary worksheet.

Tell: The answer is 59.8 crashes for the study period (2013-2015).
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Key Message:

ISATe can be used to evaluate the expected change in safety performance following a change in geometry.

Interactivity:

Tell: A change of cross-sectional widths is proposed for all four segments in the freeway section. The changes will need to be reflected on all four segments. Enter the proposed new geometry in the columns labeled “Study Period”.

Tell: Spend about 3 minutes entering the input data into ISATe. Work with the Main worksheet and the Input Freeway Segments worksheet. Check the input data values when finished entering them, and re-run the calculations in the Main worksheet.

Follow up: Leave the instructor’s podium and walk around the room as the participants work on the exercise. Offer help to individual participants when needed. When the participants appear to have finished entering the data on this slide, return to the instructor’s podium and continue the workshop presentation.

Ask: What is the total expected number of crashes for the freeway section?

Tell: Check row 21 of the Output Summary worksheet.

Tell: The answer is 59.3 crashes for the study period (2013-2015).
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Key Message:

ISATe can be used to evaluate the expected change in safety performance following a change in geometry.

Interactivity:

Tell: In addition to the previously-evaluated cross-sectional changes, a change in weaving section configuration is now proposed for two of the segments in the freeway section. The changes will need to be reflected on the affected segments. Enter the proposed new geometry in the columns labeled “Study Period”.

Tell: Spend about 3 minutes entering the input data into ISATe. Work with the Main worksheet and the Input Freeway Segments worksheet. Check the input data values when finished entering them, and re-run the calculations in the Main worksheet.
Follow up: Leave the instructor’s podium and walk around the room as the participants work on the exercise. Offer help to individual participants when needed. When the participants appear to have finished entering the data on this slide, return to the instructor’s podium and continue the workshop presentation.

Ask: What is the total expected number of crashes for the freeway section?

Tell: Check row 21 of the Output Summary worksheet.

Tell: The answer is 56.5 crashes for the study period (2013-2015).
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Lesson 4: Interchange Ramps
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Key Message:

This slide begins Lesson 4. It outlines the four main topics of discussion in this lesson.
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Key Message:

The ramp evaluation process used by ISATe is segment-based. It works on all ramp configurations because it involves splitting the ramp into homogeneous segments, regardless of configuration.

Interactivity:

Tell: These drawings show eight common ramp configurations. Research has been conducted in the past to compare ramps’ safety performance based on configuration, treating entire ramps as analysis units.

Tell: Note that a C-D road is one of the configurations. C-D road segments are evaluated using the same procedures as used for ramps.

Tell: ISATe uses homogeneous ramp segments as analysis units. The methodology can apply to any ramp configuration.
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Key Message:

The SPF for ramp segments predicts an increase in crash frequency as traffic volume increases. The model predicts fewer crashes for a given volume if the area type is rural.

Interactivity:

Tell: The ramp segment SPF is sensitive to the exposure variables of traffic volume and segment length.

Tell: There is a different set of SPF coefficients a and b for different area types (rural or urban), numbers of lanes, crash types (multiple-vehicle or single-vehicle), and crash severity categories (fatal-and-injury or PDO).

Tell: The SPFs show an increase in crash frequency as traffic volume increases. The models predict fewer crashes for a given volume if the area type is rural.

Tell: The graphs show the SPF for fatal-and-injury crashes. Similar trends occur for PDO crashes.
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Key Message:

There are 9 CMFs available for ramp segments in ISATe.

Interactivity:

Tell: There are 9 CMFs available for ramp segments. Most of them are functions of geometric variables like lane width, shoulder width, or horizontal curvature.

Tell: The CMFs were calibrated at the same time as the ramp segment SPFs and were developed to work with the SPFs. They are based on the same specified base conditions as the SPFs.

Tell: The CMFs were calibrated to work in combination with each other, such that they do not overestimate the safety influence of any specific geometric variable.
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Key Message:

The 9 CMFs can be used to adjust the estimate from the SPF for non-base conditions that may exist for the listed attributes.

Interactivity:

Tell: The estimated crash frequency for a given ramp segment is obtained from the ramp segment SPF. The CMFs are used to adjust the estimate if any of the attributes of the subject ramp segment deviate from the base conditions.

Tell: Note the procedure for measuring the length of a lane drop. The length is measured between the two taper points. This procedure also applies to a lane add. These lengths are required input in the Input Ramp Segments worksheet.

Tell: Note the procedure for measuring the length of a weaving section. The length is measured between the gore points of the two ramps associated with the weaving section. Weaving section length is a required input in the Ramp Segments worksheet for C-D road segments.
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Key Message:

In the Input Ramp Segments worksheet, the locations of curves along a ramp must be entered in addition to the curves’ radii. Curve location data are needed to estimate the curve entry speed, which affects the safety performance of the curve.

Interactivity:

Tell: Recall that curve radius and length were inputs in the Input Freeway Segments worksheet. This information is also needed in the Input Ramp Segments worksheet.

Tell: In addition to curve radius and length, curve location is also needed in the Input Ramp Segments worksheet. This information is used to estimate vehicle speed at the start of each curve along a ramp. Speed is affected by the lengths and locations of curves and tangents encountered by vehicles as they traverse the ramp.

Tell: Curve location represents the distance from the beginning of the ramp, in the direction of travel. It is specified using a linear referencing system, where locations are described as ramp-mile X and X indicates the distance (in miles) from the beginning of the ramp.

Tell: For an entrance ramp that originates at a ramp terminal intersection, ramp-mile 0.0 is located where the ramp meets the edge of traveled way on the crossroad.

Tell: For all other ramps, ramp-mile 0.0 is located at the gore point of the ramp.
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Key Message:

Ramp-mile 0.0 applies to all segments on a ramp and all ramps originating at the same gore point.

Interactivity:

Tell: The location of a curve is defined as the ramp-mile associated with its beginning (or PC). Ramp-mile is a measurement of distance from the beginning of the ramp, in miles, in the direction of traffic flow. The beginning of the ramp is defined as ramp-mile 0.0.

Tell: On ramps with multiple segments, every segment is referenced to the same ramp-mile 0.0.

Tell: If there are multiple ramps that have the same origin gore point in common, the segments on all of the ramps are referenced to the same ramp-mile 0.0. In the illustrated example, all segments on ramp 1 and ramp 2 are referenced to the point labeled as ramp-mile 0.0, which is located at the gore point where the first segment (which is shared by both ramps) separates from the freeway mainline.
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Key Message:

In cases where multiple ramps merge and share an ending gore point, the locations on the segments downstream of the merge are referenced to the ramp-mile 0.0 of the higher-volume ramp.

Interactivity:

Tell: In cases where multiple ramps share an ending gore point, it is possible for there to be multiple points that could serve as ramp-mile 0.0.

Tell: In the illustrated example, two entrance ramps merge into one, and then connect to the freeway mainline at a gore point. The first segment downstream of the merge has a curve, and it is necessary to estimate the average entry speed at the beginning of this curve.

Tell: Ramp 1 (drawn with a solid line) has a higher volume than ramp 2 (drawn with a dashed line). As a result, ramp-mile 0.0 for ramp 1 is used to locate curves on the segments downstream of the merge of the two ramps.
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Key Message:

ISATe can be used to estimate the crash frequency for an urban single-lane ramp segment described by the input data, which are entered in the Main worksheet and the Input Ramp Segments worksheet.

Interactivity:

Tell: For this exercise and the following two exercises, a diagonal exit ramp is analyzed. This exercise focuses on segment 1, which is drawn with a dashed line. The next exercise focuses on segment 2, which is drawn with a solid line.
Tell: This exercise is guided. The input data will be reviewed in the next few slides, and then the participants will enter the data into ISATe and follow along as the instructor does the same.

Tell: Go to page 61 in the Course Notes booklet, where the input data are repeated and space is provided to record answers.

Tell: The first two bullet items and the area type (urban) need to be entered in the Main worksheet. Under “Crash Data Description” in the Main worksheet, “No crash data” must be selected in the drop-down menu for ramp segments. The rest of the input data are entered in the Input Ramp Segments worksheet.
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Key Message:

ISATe can be used to estimate the crash frequency for the urban single-lane ramp segment described by the input data, which are entered into the Input Ramp Segments worksheet.
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Key Message:

After the input data are entered in the Input Ramp Segments worksheet, the input values should be checked. Then, the results can be generated.

Interactivity:

Follow up: Exit the PowerPoint slides and open ISATe. Spend a few minutes entering the data into the appropriate worksheets and allow the participants to follow along.

Tell: Click the “Check Input Values” button in the Input Ramp Segments worksheet. There should be no advisory messages below the input data cells. If any messages appear, check and fix the relevant inputs.

Tell: Go to the Main worksheet and click the “Perform Calculations” button. The program will take a few seconds to perform the calculations and generate the results.

Ask: What is the total predicted number of crashes for the ramp segment?

Tell: Find the answer on row 287 of the Output Ramp Segments worksheet.

Tell: The answer is 1.391 crashes for the study period (2013-2015).
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Key Message:

ISATe can be used to estimate the crash frequency for the urban single-lane ramp segment described by the input data, which are entered in the Main worksheet and the Input Ramp Segments worksheet.

Interactivity:

Tell: In this exercise, the second ramp segment within the project limits is analyzed. Use a new column in the Input Ramp Segments worksheet to analyze this segment.

Tell: This exercise is guided. The input data will be reviewed in the next few slides, and then the participants will enter the data into ISATe and follow along as the instructor does the same.

Tell: Go to page 62 in the Course Notes booklet, where the input data are repeated and space is provided to record answers.

Tell: Most of the input data on this slide are the same as for Exercise 6. Changed values are underlined. Note that the data for curve 1 are entered in the column for this segment, even though the curve was on segment 1. The presence of curve 1 is relevant because it affects vehicle speeds on segment 2.
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Key Message:

ISATe can be used to estimate the crash frequency for the urban single-lane ramp segment described by the input data, which are entered in the Main worksheet and the Input Ramp Segments worksheet.

Interactivity:

Tell: Curve 2 is described as an in-segment curve. Its data must also be entered into the Input Ramp Segments worksheet.
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Key Message:

ISATe can be used to estimate the crash frequency for the urban single-lane ramp segment described by the input data, which are entered in the Main worksheet and the Input Ramp Segments worksheet.

Interactivity:

Tell: Most of the input data on this slide are the same as for Exercise 6. Changed values are underlined.
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Key Message:

After the input data are entered in the Input Ramp Segments worksheet, the input values should be checked. Then, the results can be generated.

Interactivity:

Follow up: Exit the PowerPoint slides and open ISATe. Spend a few minutes entering the data into the appropriate worksheets and allow the participants to follow along.

Tell: Click the “Check Input Values” button in the Input Ramp Segments worksheet. There should be no advisory messages below the input data cells. If any messages appear, check and fix the relevant inputs.

Tell: Go to the Main worksheet and click the “Perform Calculations” button. The program will take a few seconds to perform the calculations and generate the results.

Ask: What is the total predicted number of crashes for the ramp segment?

Tell: Find the answer on row 287 of the Output Ramp Segments worksheet.

Tell: The answer is 0.721 crashes for the study period (2013-2015).
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Key Message:

ISATe can be used to estimate the crash frequency for the urban single-lane freeway ramp described by the preceding two exercises.

Interactivity:

Tell: The two ramp segments in the preceding two exercises comprise a 0.32-mile ramp section.

Tell: Go to page 63 in the Course Notes booklet, where the input data are repeated and space is provided to record answers.

Ask: What is the total predicted number of crashes for the ramp?

Tell: The input data have already been entered in the preceding two exercises. ISATe provides aggregated output data to answer the question in this exercise.

Tell: Check row 22 of the Output Summary worksheet.

Tell: The answer is 2.1 crashes for the study period (2013-2015).
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Lesson 5: Crossroad Ramp Terminals
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Key Message:

This slide begins Lesson 5. It outlines the four main topics of discussion in this lesson.

Slide 126

[image: image126.jpg]AN N
< Terminal Configurations ‘

* Configuration-Based Evaluation

— Method addresses seven configurations
Diagonal, Exit Diagonal, Entrance

Ext Ramp Ertrance Ramp

J

Froeay

|

x

Type: Dlex Type: Dlen

Diagonal, 4-Leg

ExitRamp Ertrance Ramp

Fresvay





Key Message:

The predictive method used by ISATe addresses seven different ramp terminal configurations. The following three configurations are shown in this slide: diagonal, exit; diagonal, entrance; and diagonal, 4-leg.
Interactivity:

Tell: There are various types of ramp terminal intersections. In ISATe, terminals are categorized based on their configurations. The configurations differ from each other in terms of entering traffic movements and conflict points.

Tell: Each of the three configurations in this slide is shown in plan view.  The crossroad is oriented in an east-west direction, and the ramps are oriented in a north-south direction. The freeway is also shown to be oriented in a north-south direction, and located between the two crossroad ramp terminals. 

Tell: These illustrations show traffic movements for three terminal configurations. These configurations are typically seen at diamond or half-diamond interchanges. Any ramp terminal with the illustrated traffic movements can be modeled using ISATe.

Slide 127

[image: image127.jpg]AN N
< Terminal Configurations ‘

* Crossroad Ramp Terminal Configurations

4-quad Parclo A 2-quad Parclo A
J({m g e
J A - —
1 [ Crossrosd 1 &

AN il [
Tyoe:a FL ] nvancemoms

R Ect mame

Ertrance Ramp

=

4-quad Parclo B 2-quad Parclo B

i

J\





Key Message:

The predictive method used by ISATe addresses seven different ramp terminal configurations. The following four configurations are shown in this slide: 4-quadrant parclo A; 2-quadrant, parclo A; 4-quadrant parclo B; and 2-quadrant parclo B.
Interactivity:

Tell: These illustrations show traffic movements for four terminal configurations. These configurations are typically seen at partial cloverleaf interchanges. Any ramp terminal with the illustrated traffic movements can be modeled using ISATe.
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Key Message:

The SPF for crossroad ramp terminals includes variables for the AADT volume on each intersecting leg. Different SPFs are available for the various combinations of terminal configuration, control, area type, number of crossroad lanes, and crash severity.

Interactivity:

Tell: The crossroad ramp terminal SPFs use the AADT volume on each intersecting leg (i.e., inside crossroad leg, outside crossroad leg, entrance ramp, and exit ramp) as exposure variables. The crossroad leg volumes are averaged for use in the SPF.

Tell: There is a different set of model coefficients a, b, and d for different terminal configurations, control types (one-way stop or signal), area types (rural or urban), numbers of crossroad lanes, and crash severity categories (fatal-and-injury or PDO).
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Key Message:

The SPF for crossroad ramp terminals predicts an increase in crash frequency as entering traffic volume increases. Separate models are applied for one-way stop control and signal control.

Interactivity:

Tell: The SPFs show an increase in crash frequency as traffic volume increases. The models predict fewer crashes for a given volume if the area type is rural.

Tell: Two graphs are shown because different models are used for one-way stop control and signal control.
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Key Message:

There are 11 CMFs available for ramp terminals in ISATe.

Interactivity:

Tell: There are 11 CMFs available for ramp terminals. Most of them are functions of geometric or traffic control variables like skew angle, crossroad median width, and presence of turn bays or channels.

Tell: The CMFs were calibrated at the same time as the ramp terminal SPFs and were developed to work with the SPFs. They are based on the same specified base conditions as the SPFs.
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Key Message:

The 11 CMFs can be used to adjust estimate from the SPF for non-base conditions that may exist for the listed attributes.

Interactivity:

Tell: The estimated crash frequency for a given crossroad ramp terminal is obtained from the crossroad ramp terminal SPFs. The CMFs are used to adjust the estimate if any of the attributes of the subject terminal deviate from the base condition.

Tell: Note that some of the CMFs apply to both control types (signal or one-way stop), while others apply to only one control type. For example, the Access point frequency CMF applies to all ramp terminals. The Channelized right turn CMF applies only to signalized terminals. The Skew angle CMF applies only to stop-controlled terminals.
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Key Message:

To use ISATe to evaluate a crossroad ramp terminal, the number of fully-developed lanes on the crossroad and exit ramp approaches must be provided.

Interactivity:

Tell: The predictive method requires information about the number of lanes on the crossroad and exit ramp approaches to the ramp terminal.

Tell: It is common for turn bays and channelization to be provided at ramp terminal approaches, particularly the exit ramp approach. For a turn bay or channelization to be counted as a fully-developed lane, it must extend back 100 ft or more from the stop line.

Tell: Lane counts occur at the farthest upstream point where all lanes are joined. In the case of an approach with right-turn channelization, conduct the count at the gore point of the channelization. All lanes are included in the count, regardless of whether they serve left-turn, through, or right-turn movements.

Slide 133

[image: image133.jpg]A
> Input Data

¢ Skew Angle

* Median Width

Miedian width
lew Left Side Ramp Right Side Ramp





Key Message:

Skew angle and crossroad median width measurements are needed for two of the CMFs. These measurements are taken at the intersection.

Interactivity:

Tell: In the top drawing, the measurement of a skew angle is illustrated. This measurement is needed only for exit ramp approaches at a terminal. The skew angle is referenced to the center line of a left-turning vehicle stopped at the stop line.

Tell: In the bottom drawing, the measurement of crossroad median width is illustrated. This measurement includes the width of raised or marked medians and left-turn bays. The measurement is taken in the vicinity of the intersection. If the median width differs on the two crossroad approaches, use the average value of the two measurements.
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Key Message:

ISATe can be used to estimate the crash frequency for the urban interchange ramp terminal described by the input data, which are entered in the Main worksheet and the Input Ramp Terminals worksheet.

Interactivity:

Tell: For this exercise and the following two exercises, a pair of ramp terminals at an urban interchange is analyzed. The first exercise examines the left-side terminal. The second exercise examines the right-side terminal. The third exercise examines both terminals combined. 
Tell: This exercise is guided. The input data will be reviewed in the next few slides, and then the participants will enter the data into ISATe and follow along as the instructor does the same.

Tell: Go to pages 64 and 65 in the Course Notes booklet, where the input data are repeated and space is provided to record answers.

Tell: The first two bullet items and the area type (urban) need to be entered in the Main worksheet. Under “Crash Data Description” in the Main worksheet, “No crash data” must be selected in the drop-down menu for ramp terminals. The rest of the input data are entered in the Input Ramp Terminals worksheet.
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Key Message:

ISATe can be used to estimate the crash frequency for the urban interchange ramp terminal described by the input data, which are entered in the Main worksheet and the Input Ramp Terminals worksheet.
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Key Message:

ISATe can be used to estimate the crash frequency for the urban interchange ramp terminal described by the input data, which are entered in the Main worksheet and the Input Ramp Terminals worksheet.
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Key Message:

After the input data are entered in the Input Ramp Terminals worksheet, the input values should be checked. Then, the results can be generated.

Interactivity:

Follow up: Exit the PowerPoint slides and open ISATe. Spend a few minutes entering the data into the appropriate worksheets and allow the participants to follow along.

Tell: Click the “Check Input Values” button in the Input Ramp Terminals worksheet. There should be no advisory messages below the input data cells. If any messages appear, check and fix the relevant inputs.

Tell: Go to the Main worksheet and click the “Perform Calculations” button. The program will take a few seconds to perform the calculations and generate the results.

Ask: What is the total predicted number of crashes for the ramp terminal?

Tell: Find the answer on row 562 of the Output Ramp Terminals worksheet.

Tell: The answer is 13.508 crashes for the study period (2013-2015).
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Key Message:

ISATe can be used to estimate the crash frequency for the urban interchange ramp terminal described by the input data, which are entered in the Main worksheet and the Input Ramp Terminals worksheet.
Interactivity:

Tell: In this exercise, the right-side ramp terminal at the interchange is analyzed. Use a new column in the Input Ramp Terminals worksheet to analyze this terminal.

Tell: This exercise is guided. The input data will be reviewed in the next few slides, and then the participants will enter the data into ISATe and follow along as the instructor does the same.

Tell: Go to page 66 in the Course Notes booklet, where the input data are repeated and space is provided to record answers.

Tell: Some of the input data on this slide are the same as for Exercise 9. Changed values are underlined.
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Key Message:

ISATe can be used to estimate the crash frequency for the urban interchange ramp terminal described by the input data, which are entered in the Main worksheet and the Input Ramp Terminals worksheet.
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Key Message:

ISATe can be used to estimate the crash frequency for the urban interchange ramp terminal described by the input data, which are entered in the Main worksheet and the Input Ramp Terminals worksheet.

Interactivity:

Tell: Most of the input data on this slide are the same as for Exercise 9. Changed values are underlined.

Tell: Note that the entrance ramp volume of 1,250 veh/day is for the connector ramp at the top portion of the drawing. The volume on the loop ramp on the bottom portion of the drawing is not considered in the analysis of the terminal.
Slide 141

[image: image141.jpg]AN .
< Exercise 10: Ramp Terminal =

-

* Check Input Values
* Run Program in Main Worksheet
* Question

— What is the total predicted number of crashes for
the right-side terminal?
¢ Check row 562 of Output Ramp Terminals

H

i, oo




Key Message:

After the input data are entered in the Input Ramp Terminals worksheet, the input values should be checked. Then, the results can be generated.

Interactivity:

Follow up: Exit the PowerPoint slides and open ISATe. Spend a few minutes entering the data into the appropriate worksheets and allow the participants to follow along.

Tell: Click the “Check Input Values” button in the Input Ramp Terminals worksheet. There should be no advisory messages below the input data cells. If any messages appear, check and fix the relevant inputs.

Tell: Go to the Main worksheet and click the “Perform Calculations” button. The program will take a few seconds to perform the calculations and generate the results.

Ask: What is the total predicted number of crashes for the ramp terminal?

Tell: Find the answer on row 562 of the Output Ramp Terminals worksheet.

Tell: The answer is 3.552 crashes for the study period (2013-2015).
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Key Message:

ISATe can be used to estimate the crash frequency for the pair of urban interchange ramp terminals described by the preceding two exercises.

Interactivity:

Tell: Go to page 67 in the Course Notes booklet, where the input data are repeated and space is provided to record answers.

Ask: What is the total predicted number of crashes for the terminals?

Tell: The input data have already been entered in the preceding two exercises. ISATe provides aggregated output data to answer the question in this exercise.

Tell: Check row 23 of the Output Summary worksheet.

Tell: The answer is 17.1 crashes for the study period (2013-2015).
Tell: A driveway closure is being considered. Enter the proposed new driveway count (0) in the column labeled “Study Period” for the left-side terminal.

Ask: What is the total predicted number of crashes for the driveway is closed?

Tell: Check row 23 of the Output Summary worksheet.

Tell: The answer is 16.3 crashes for the study period (2013-2015).
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Lesson 6: Applications

Slide 144

[image: image144.jpg]6. Applications ‘

* Default Values

* Alternatives Analysis





Key Message:

This slide begins Lesson 6. It outlines the two main topics of discussion in this lesson.
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Key Message:

Default values are available for some of the traffic volume data inputs that may be difficult to collect.

Interactivity:

Tell: Recall that the freeway segment predictive models have a CMF for high volume. This CMF requires the proportion of AADT that occurs in high-volume hours (i.e., hours when the volume exceeds 1,000 veh/h/ln). If this proportion cannot be obtained from agency data, a set of default values is suggested in Chapter 3 of the ISATe User Manual. These values are used by ISATe if the data entry cell for the proportion of AADT in high-volume hours is left blank.

Tell: Recall that the freeway segment predictive models also have a CMF for lane change activity. This CMF is influenced by the locations and volumes of nearby ramps. If ramp volume data are not available, a set of default values is suggested in Chapter 3 of the ISATe User Manual. The default ramp volume is shown to be correlated with freeway mainline volume, area type (rural or urban), and the number of lanes on the ramp. The default values can yield acceptable estimates of the Lane change CMF value, though they may vary by as much as 50 percent from actual ramp volumes. Hence, they should be used only in the Input Freeway Segments worksheet. If the Input Ramp Segments worksheet is used, actual ramp volumes must be provided.
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Key Message:

The purpose of safety evaluation in an alternatives analysis is to allow safety to be considered along with the rest of the costs, benefits, and impacts of a proposed project.

Interactivity:

Ask: Why is it important to incorporate safety evaluation into the project development or design process?

Tell: During the project development process, multiple design alternatives are often considered for a project. To choose the best alternative, it is necessary to consider all impacts—construction cost, right-of-way acquisition, operational efficiency, as well as safety—and the availability of tools like the HSM and ISATe allow the safety effects of design alternatives to be quantified.
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Key Message:

An economic evaluation of alternatives is conducted by annualizing operational benefits, safety benefits, and construction costs, computing the benefit-cost ratio and net benefit for each alternative, and comparing these measures.

Interactivity:

Tell: Using tools to evaluate operational efficiency and safety performance, the operational and safety benefits of a proposed design alternative can be quantified in terms of dollars per year. These benefits represent changes from the current configuration.

Tell: The construction cost of the proposed design alternative can be annualized over the service life of the project using economic discounting formulas.

Tell: After the benefits and costs are annualized, they can be used to compute measures to compare alternatives. Two measures include the benefit-cost ratio and the net benefit. The net-benefit is the project costs subtracted from the project benefits.
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Key Message:

When selecting among projects, determine a minimum benefit that must be achieved. Exclude projects that exceed available funds or do not provide the minimum benefit. Then, compare projects using net benefit or benefit-cost ratio.

Background:

If funds are earmarked for the facility being evaluated, the projects should be compared based on net benefit (which yields the same result as incremental cost-benefit analysis). If the funds can be used for any facility, projects should be compared using benefit-cost ratio. This issue is discussed in Civil and Environmental System Engineering (Revelle, Whitlatch, and Wright, Prentice Hall, New Jersey, 1997).

Interactivity:

Tell: There should be a minimum benefit that is required of every proposed project. A project should not be considered if it does not provide this minimum benefit.

Tell: Exclude projects that cannot be built with available funds.

Tell: If funds are earmarked for the project being analyzed, use the measure of net benefit to select the best alternative.

Tell: If unspent funds can be used elsewhere, use the measure of benefit-cost ratio to select the best alternative.
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Key Message:

The engineer must consider all impacts of a design change—environmental and community impacts, traffic operations, right-of-way acquisition, and construction costs—in addition to the safety impacts that have been the focus of this workshop. The alternative with the greatest overall cost-effectiveness should be considered.
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Key Message:

None.

Interactivity:

Click: Request that the participants fill out and return the course review forms.

Solutions to Workshop Exercises
1: Freeway Segment
2: Freeway Segment
3: Freeway Segment
4: Freeway Segment
5: Freeway Section
6: Ramp Segment
7: Ramp Segment
8: Entire Ramp
9: Ramp Terminal
10: Ramp Terminal
11: Interchange Terminals
Exercise 1: Freeway Segment
Location: Segment 1 on urban six-lane freeway section

Study period: 2013 to 2015



Area type: urban

Crash data description: No crash data
Input Data
Basic Roadway Data

Number of lanes: 6

Segment length: 0.30 mi
Alignment Data


Horizontal curve in segment: No
Cross Section Data


Lane width: 11 ft

Outside shoulder with: 6 ft


Inside shoulder width: 4 ft


Median width: 50 ft


Rumble strips on outside shoulders: Yes, full length of segment


Rumble strips on inside shoulders: Yes, full length of segment


Presence of barrier in median: None

Roadside Data

Clear zone width: 15 ft


Presence of barrier on roadside: None

Ramp Access Data

Travel in Increasing Milepost Direction



Ramp entrance in segment: No



Distance from begin milepost to upstream entrance ramp gore: 0.7 mi



Ramp exit in segment: No



Distance from end milepost to downstream exit ramp gore: 0.5 mi



Type B weave in segment: No


Travel in Decreasing Milepost Direction



Ramp entrance in segment: No



Distance from end milepost to upstream entrance ramp gore: 0.5 mi



Ramp exit in segment: No



Distance from begin milepost to downstream exit ramp gore: 0.7 mi



Type B weave in segment: No
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EXERCISE 1: FREEWAY SEGMENT (continued)

Traffic Data

Proportion of AADT during high-volume hours: Use default


Freeway Segment Data



AADT (year 2014): 86,000 veh/day

Ramp Data



AADT (year 2014): 6,100 veh/day (all ramps)
Crash Data


Not available

Output Summary
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What is the total predicted number of crashes? ……………………………...
EXERCISE 1a: FREEWAY SEGMENT

Location: Segment 1 on urban six-lane freeway section
Study period: 2013 to 2015



Area type: urban

Crash data description: Data for each individual segment
Crash period: 2005 to 2007

Input Data
Traffic Data

Freeway Segment Data



AADT (year 2006): 82,000 veh/day


AADT (year 2014): 86,000 veh/day

Ramp Data



AADT (year 2006): 6,000 veh/day (all ramps)


AADT (year 2014): 6,100 veh/day (all ramps)
Crash Data
	Crash Type
	Count

	
	Fatal-and-injury
	Property-damage-only

	Multiple-vehicle
	3
	4

	Single-vehicle
	1
	1

	Ramp-entrance-related
	0

	Ramp-exit-related
	0

	Note: Counts can be entered for any years in the crash period (crash year is not used in ISAT). 


Output Summary
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What is the total expected number of crashes? …………………….............

Exercise 2: Freeway Segment
Location: Segment 2 on urban six-lane freeway section

Study period: 2013 to 2015



Area type: urban

Crash data description: Data for each individual segment
Crash period: 2005 to 2007

Input Data
Basic Roadway Data

Number of lanes: 6


Segment length: 0.10 mi
Alignment Data


Horizontal curve in segment: No
Cross Section Data


Lane width: 11 ft

Outside shoulder with: 6 ft


Inside shoulder width: 4 ft


Median width: 50 ft


Rumble strips on outside shoulders: Yes, full length of segment


Rumble strips on inside shoulders: Yes, full length of segment


Presence of barrier in median: None

Roadside Data

Clear zone width: 15 ft


Presence of barrier on roadside: None

Ramp Access Data

Travel in Increasing Milepost Direction



Ramp entrance in segment: Lane add



Ramp exit in segment: No



Distance from end milepost to downstream exit ramp gore: 0.4 mi



Type B weave in segment: Yes



Length of weaving section: 0.5 mi



Length in segment: 0.1 mi


Travel in Decreasing Milepost Direction



Ramp entrance in segment: No



Distance from end milepost to upstream entrance ramp gore: 0.4 mi



Ramp exit in segment: No



Distance from begin milepost to downstream exit ramp gore: 1.0 mi



Type B weave in segment: No
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EXERCISE 2: FREEWAY SEGMENT (continued)

Traffic Data

Freeway Segment Data



AADT (year 2006): 88,000 veh/day


AADT (year 2014): 92,100 veh/day

Ramp Data



AADT (year 2006): 6,000 veh/day (all ramps)


AADT (year 2014): 6,100 veh/day (all ramps)

Crash Data
	Crash Type
	Count

	
	Fatal-and-injury
	Property-damage-only

	Multiple-vehicle
	1
	2

	Single-vehicle
	1
	3

	Ramp-entrance-related
	0

	Ramp-exit-related
	0

	Note: Counts can be entered for any years in the crash period (crash year is not used in ISAT). 


Output Summary
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What is the total expected number of crashes? …………………………….

Exercise 3: Freeway Segment
Location: Segment 3 on urban six-lane freeway section

Study period: 2013 to 2015



Area type: urban

Crash data description: Data for each individual segment

Crash period: 2005 to 2007

Input Data
Basic Roadway Data

Number of lanes: 6


Segment length: 0.40 mi
Alignment Data


Horizontal curve in segment: No
Cross Section Data


Lane width: 11 ft

Outside shoulder with: 6 ft


Inside shoulder width: 4 ft


Median width: 50 ft


Rumble strips on outside shoulders: Yes, full length of segment


Rumble strips on inside shoulders: Yes, full length of segment


Presence of barrier in median: None

Roadside Data

Clear zone width: 15 ft


Presence of barrier on roadside: Full (continuous)



Distance from edge of traveled way to barrier face (barrier offset): 8 ft

Ramp Access Data

Travel in Increasing Milepost Direction



Ramp entrance in segment: No



Distance from begin milepost to upstream entrance ramp gore: 0.1 mi



Ramp exit in segment: Lane drop



Type B weave in segment: Yes



Length of weaving section: 0.5 mi



Length in segment: 0.4 mi


Travel in Decreasing Milepost Direction



Ramp entrance in segment: Speed-change lane



Length of ramp entrance: 0.133 mi (= 700/5280)



Length of ramp entrance in segment: 0.133 mi



Ramp exit in segment: Speed-change lane



Length of ramp exit: 0.066 mi (= 350/5280)



Length of ramp exit in segment: 0.066 mi



Type B weave in segment: No
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EXERCISE 3: FREEWAY SEGMENT (continued)

Traffic Data

Freeway Segment Data



AADT (year 2006): 94,000 veh/day


AADT (year 2014): 98,200 veh/day

Ramp Data



AADT (year 2006): 6,000 veh/day (all ramps)


AADT (year 2014): 6,100 veh/day (all ramps)

Crash Data

	Crash Type
	Count

	
	Fatal-and-injury
	Property-damage-only

	Multiple-vehicle
	6
	8

	Single-vehicle
	3
	5

	Ramp-entrance-related
	1
	2

	Ramp-exit-related
	0
	0

	Note: Counts can be entered for any years in the crash period (crash year is not used in ISAT). 


Output Summary
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What is the total expected number of crashes? …………………………….

Exercise 4: Freeway Segment
Location: Segment 4 on urban six-lane freeway section

Study period: 2013 to 2015



Area type: urban

Crash data description: Data for each individual segment

Crash period: 2005 to 2007

Input Data
Basic Roadway Data

Number of lanes: 6


Segment length: 0.20 mi
Alignment Data


Horizontal curve in segment: No
Cross Section Data


Lane width: 11 ft

Outside shoulder with: 6 ft


Inside shoulder width: 4 ft


Median width: 50 ft


Rumble strips on outside shoulders: Yes, full length of segment


Rumble strips on inside shoulders: Yes, full length of segment


Presence of barrier in median: None

Roadside Data

Clear zone width: 15 ft


Presence of barrier on roadside: None

Ramp Access Data

Travel in Increasing Milepost Direction



Ramp entrance in segment: No



Distance from begin milepost to upstream entrance ramp gore: 0.5 mi



Ramp exit in segment: No



Distance from end milepost to downstream exit ramp gore: 0.8 mi



Type B weave in segment: No


Travel in Decreasing Milepost Direction



Ramp entrance in segment: No



Distance from end milepost to upstream entrance ramp gore: 0.8 mi



Ramp exit in segment: No



Distance from begin milepost to downstream exit ramp gore: 0.4 mi



Type B weave in segment: No


EXERCISE 4: FREEWAY SEGMENT (continued)

Traffic Data

Freeway Segment Data



AADT (year 2006): 82,000 veh/day


AADT (year 2014): 86,000 veh/day

Ramp Data



AADT (year 2006): 6,000 veh/day (all ramps)


AADT (year 2014): 6,100 veh/day (all ramps)
Crash Data

	Crash Type
	Count

	
	Fatal-and-injury
	Property-damage-only

	Multiple-vehicle
	3
	4

	Single-vehicle
	1
	2

	Ramp-entrance-related
	0

	Ramp-exit-related
	0

	Note: Counts can be entered for any years in the crash period (crash year is not used in ISAT). 


Output Summary


What is the total expected number of crashes? …………………………….

Exercise 5: Freeway Section
Location: 1.0-mile urban six-lane freeway section

Study period: 2013 to 2015
Output Summary


What is the total expected number of crashes for the freeway section? ….


What is the total expected number of crashes for the freeway section if


the cross section is changed for all four segments? ………………………



Outside shoulder width: 7 ft



Inside shoulder width: 5 ft



Median width: 46 ft



Roadside barrier offset (segment 3): 9 ft


Note: these changes are proposed for (and applicable only to) the study period.


What is the total expected number of crashes for the freeway section if


the weaving section in segments 2 and 3 is not Type B? …………………


Note: this change is proposed for (and applicable only to) the study period.
Exercise 6: Ramp Segment
Location: Segment 1 (dashed line) on urban single-lane exit ramp

Study period: 2013 to 2015



Area type: urban

Crash data description: No crash data
Input Data
Basic Roadway Data

Number of lanes: 1


Segment length: 0.22 mi


Average traffic speed on the freeway: 70 mi/h


Segment type: Exit


Type of control at crossroad ramp terminal: Signal
Alignment Data


Horizontal curve: In segment



Curve radius: 1,000 ft



Length of curve: 0.10 mi



Length of curve in segment: 0.10 mi



Ramp-mile of beginning of curve in direction of travel: 0.12
Cross Section Data


Lane width: 14 ft

Right shoulder with: 8 ft


Left shoulder width: 4 ft


Presence of lane add or lane drop: No

Roadside Data

Presence of barrier on right side of roadway: Yes



Length of barrier: 0.05 mi



Distance from edge of traveled way to barrier face (barrier offset): 8 ft


Presence of barrier on left side of roadway: No

Ramp Access Data


Ramp entrance in segment: No


Ramp exit in segment: No

Traffic Data


AADT (year 2014): 6,100 veh/day
Crash Data


Not available

Output Summary


What is the total predicted number of crashes? …………………………...
Exercise 7: Ramp Segment
Location: Segment 2 (solid line) on urban single-lane exit ramp

Study period: 2013 to 2015



Area type: urban

Crash data description: No crash data
Input Data
Basic Roadway Data

Number of lanes: 1


Segment length: 0.10 mi


Average traffic speed on the freeway: 70 mi/h


Segment type: Exit


Type of control at crossroad ramp terminal: Signal
Alignment Data


Horizontal curve 1: Off segment



Curve radius: 1,000 ft



Length of curve: 0.10 mi



Length of curve in segment: 0.10 mi



Ramp-mile of beginning of curve in direction of travel: 0.12

Horizontal curve 2: In segment



Curve radius: 500 ft



Length of curve: 0.05 mi



Length of curve in segment: 0.05 mi



Ramp-mile of beginning of curve in direction of travel: 0.25
Cross Section Data


Lane width: 15 ft

Right shoulder with: 8 ft


Left shoulder width: 4 ft


Presence of lane add or lane drop: No

Roadside Data

Presence of barrier on right side of roadway: No


Presence of barrier on left side of roadway: No

Ramp Access Data


Ramp entrance in segment: No


Ramp exit in segment: No

Traffic Data


AADT (year 2014): 6,100 veh/day
Crash Data


Not available

Output Summary


What is the total predicted number of crashes? …………………………...
Exercise 8: Entire Ramp
Location: 0.32-mile urban single-lane exit ramp

Study period: 2013 to 2015
Output Summary


What is the total predicted number of crashes for the entire ramp? ….......

Exercise 9: Ramp Terminal
Location: Left-side terminal at urban interchange

Study period: 2013 to 2015



Area type: urban

Crash data description: No crash data
Input Data
Basic Intersection Data

Ramp terminal configuration: D4


Ramp terminal traffic control mode: Signal


Presence of a non-ramp public street leg at the terminal: No
Alignment Data


Distance to the next public street intersection on the outside crossroad leg: 0.25 mi


Distance to the adjacent ramp terminal: 0.17 mi
Traffic Control

Left-Turn Operational Mode



Protected-only mode on inside crossroad approach: Yes


Right-Turn Control Mode



Right-turn control mode on exit ramp approach: Yield

Cross Section Data

Crossroad median width: 12 ft


Number of Lanes


Both crossroad approaches: 4 lanes



Inside crossroad approach: 2 lanes



Exit ramp approach: 2 lanes


Right-Turn Channelization


Outside crossroad approach: Yes



Exit ramp approach: Yes


Left-Turn Lane or Bay


Presence of lane or bay on inside crossroad approach: Yes



Width of lane or bay on inside crossroad approach: 12 ft


Right-Turn Lane or Bay


Presence of lane or bay on outside crossroad approach: No

Access Data


Number of driveways on the outside crossroad leg: 1


EXERCISE 9: RAMP TERMINAL (continued)
Traffic Data


Inside Crossroad Leg Data


AADT (year 2014): 7,500 veh/day

Outside Crossroad Leg Data


AADT (year 2014): 7,500 veh/day

Exit Ramp Data


AADT (year 2014): 5,000 veh/day

Entrance Ramp Data


AADT (year 2014): 5,000 veh/day
Crash Data


Not available

Output Summary


What is the total predicted number of crashes? …………………………...
Exercise 10: Ramp Terminal
Location: Right-side terminal at urban interchange

Study period: 2013 to 2015



Area type: urban

Crash data description: No crash data
Input Data
Basic Intersection Data

Ramp terminal configuration: A4


Ramp terminal traffic control mode: One-way stop

Alignment Data


Exit ramp skew angle: 0 degrees


Distance to the next public street intersection on the outside crossroad leg: 0.25 mi


Distance to the adjacent ramp terminal: 0.17 mi
Traffic Control

Right-Turn Control Mode



Right-turn control mode on exit ramp approach: Stop

Cross Section Data

Crossroad median width: 12 ft


Number of Lanes


Both crossroad approaches: 4 lanes



Exit ramp approach: 2 lanes


Right-Turn Lane or Bay


Presence of lane or bay on inside crossroad approach: No



Presence of lane or bay on outside crossroad approach: No

Traffic Data


Inside Crossroad Leg Data


AADT (year 2014): 7,500 veh/day

Outside Crossroad Leg Data


AADT (year 2014): 7,500 veh/day

Exit Ramp Data


AADT (year 2014): 2,500 veh/day

Entrance Ramp Data


AADT (year 2014): 1,250 veh/day
Crash Data


Not available

Output Summary


What is the total predicted number of crashes? …………………………...
Exercise 11: Interchange Terminals
Location: Two ramp terminals at an urban interchange

Study period: 2013 to 2015
Output Summary


What is the total predicted number of crashes for both ramp terminals? …


What is the total predicted number of crashes for both ramp terminals if


the driveway is closed? …………………………………………………...

ACRONYM AND ABBREVIATION LIST

	AADT
	Average annual daily traffic

	C-D
	Collector-distributor

	CMF
	Crash modification factor

	EB
	Empirical Bayes

	FHWA
	Federal Highway Administration

	FI
	Fatal-and-injury

	HOV
	High-occupancy vehicle

	HSM
	Highway Safety Manual

	ISATe
	Enhanced Interchange Safety Analysis Tool

	ITE
	Institute of Transportation Engineers

	MV
	Multiple-vehicle

	NCHRP
	National Cooperative Highway Research Program

	PDO
	Property-damage-only

	ROW
	Right of way

	SDF
	Severity distribution function

	SPF
	Safety performance function

	SV
	Single-vehicle

	VTC
	Virtual teleconferencing
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