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Chapter 1. Traffic Analysis Scoping

The scoping process is an important first step for any project involving traffic analysis. The traffic
analysis scope will document assumptions and methodologies for each project and provide the base
for the entire analysis project, as well as the corresponding man hour estimate from the consultant.
The traffic analysis scope should be prepared by the ODOT District project manager. The traffic
analysis scope should be reviewed and approved by the Office of Roadway Engineering (ORE) for
projects that will involve ORE. These projects include:

= Interchange Studies (1JS/IMS/10S)
= Feasibility Studies involving interchanges
= Alternatives Evaluation Reports involving interchanges

A properly prepared scope provides the base for the entire analysis process by identifying the issues
to be solved, data requirements, performance measures, schedule, and analysis deliverables. The
content of the analysis methodology should be tailored to the context and complexity of the project.
The elements discussed in this chapter can also be used by project managers to prepare the scope
of traffic analysis. The reviewers of the traffic analysis report may use the scope development
process as an opportunity to raise critical issues and concerns, so they can be resolved and
incorporated in the analysis early in the study process.

It is critical that the scoping checklist form be completed in advance of the Early Coordination
Meeting with Modeling and Forecasting.

1.1 Scoping Elements
The scoping of the traffic analysis effort should address the following elements:

= Traffic analysis type

=  Project description

= Traffic analysis objective

= Analysis boundary limits

=  Study periods and analysis years

= Traffic analysis tool selection

= Data requirements and data collection plan
= Project traffic forecasting

= Project alternatives

= Performance measures of effectiveness (MOEs)
= Analysis report and documentation

1.1.1 Traffic Analysis Type

Traffic analysis for projects will be one of two types, Standard Type and Complex Type. These
types are defined as:

Standard Type - This will be the type of analysis used on the majority of projects. Data
inputs for these types of projects will typically use default values or other easily obtainable
real-world data and have minimal calibration and validation. Standard Type projects will
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include nearly all analysis conducted primarily in Highway Capacity Software (HCS) and most
TransModeler analysis for small networks.

Complex Type - This type of analysis will be more involved than the Standard Type. It will
include the analysis of existing conditions as well as the calibration and validation of the
existing analysis to match real life conditions including average speeds, travel times, and
queue lengths. Complex Type analysis will be more labor intensive for both data collection
needs as well as traffic analysis. Complex Type projects will typically be large freeway
corridor studies containing multiple interchanges and other potential high-risk projects.

Elements and requirements described throughout this manual will apply to both Standard Type
and Complex Type analysis. Any elements or requirements that are different depending on
analysis type will be identified.

1.1.2 Project Description

The project description is used to introduce the project. It includes general context and background
information. Both vicinity map and project location map are included in the project description.

1.1.3 Traffic Analysis Objective
Traffic analysis objective(s) should clearly identify the following:

= The performance problem or goal which the analysis seeks to answer.
= The intended use and decision-makers of the traffic analysis results.

An example objective could be: “This analysis seeks to identify the causes of the safety and
congestion concerns along 1-670 between I-71 and 1-270. The results of the analysis will be used to
determine and justify a solution at this location.”

1.1.4 Analysis Boundary Limits

The analysis boundary limits should include all locations that could be affected by a proposed
improvement (i.e., an adjacent signalized intersection if the study intersection is proposed to be
converted to only provide right-in/right-out access). While arguably, several intersections could be
impacted by an improvement at one location, the boundaries should be logically drawn at the
locations with the most impact to traffic flows and/or the closest proximity to the study location.

The analysis boundary limits for common types of studies are described below:

= Traffic Impact Studies (TIS) - analysis limits for TIS are contained in the State Highway Access
Management Manual (SHAMM).

= Interchange Justification Studies (1JS) / Interchange Modification Studies (IMS) / Interchange
Operations Studies (I0S) - 1JS/IMS/10S analysis limits can be found in the ODOT Traffic
Academy course material for Interchange Studies (found here).

= Corridor Studies not involving an interchange - these studies will typically include the study
intersections along the corridor plus the first adjacent signalized intersection on either side
of the study intersections.
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Furthermore, model limits should be extended so that all entry links operate in under-saturated
conditions. If it is impractical that the study limits be expanded so the network is free of queueing
that extends beyond study limits, TransModeler should be used for the analysis.

The scoping document should include a scaled map showing all study interchanges and intersections.
For more information regarding analysis limits, please refer to Chapter 2.

1.1.5 Study Periods and Analysis Years

The scoping document should clearly define the study periods and analysis years included in the
study. Typically, the weekday AM and PM peak periods are being analyzed. For locations with
specific traffic generators, weekend, school arrival/release, and/or off-peak periods may be
analyzed. The justification for using analysis periods other than the weekday AM and PM peaks
should be clearly identified in the scoping document.

The design year (typically 20 years after the opening year) should be analyzed on most projects.
Depending on the project type, the analysis could include existing conditions and/or additional
interim design years. These additional analysis years need to be clearly identified in the scoping
document. Instances when an interim year may be included are:

= Level 1 Traffic Impact Studies where the Site Trip Ends range between 200-499. This requires
a 10-year design year. See the State Highway Access Management Manual (SHAMM) Section
9.0 for more information.

= Corridor and Feasibility Studies where the existing conditions are useful for determining the
Purpose and Need of the project and gaining Stakeholder/Public buy-in for the analysis.

= Ramp Clear projects that are trying to address existing congestion with simple, low-cost
countermeasures and as concerned with design years.

= Safety Studies that typically focus just on the existing traffic volumes.

= Sensitivity analysis where the analyst is trying to determine what year different
improvements will be needed.

= Phased solutions where only part of the improvement is being constructed initially. For this
situation it may be desirable to know how the initial improvement will operate in an interim
year. For example, 10 years after construction.

= Locations where the design year will operate at LOS F and you want to compare how
alternatives will work for an interim year, so that all alternatives are not LOS F.

= Opening year analyses for the Build condition may be beneficial when the design year Build
condition operates at LOS F. For example, a project results in LOS F for both the No-Build
condition and an improved LOS F for the Build condition. For this situation analyzing the
opening year Build condition could show operations at LOS E or better.

= Complex Type projects which will require the calibration and validation of the existing
conditions.

1.1.6 Traffic Analysis Tool Selection

An ODOT project is a project that receives funding from the State of Ohio and/or the Federal
government(s) for projects on any roadway, including all functional classifications. The
improvement could be the result of an interchange study, safety study, traffic impact study,
corridor study, or any other type of study. For ODOT projects, two analysis tools are available -
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Highway Capacity Software (HCS) and TransModeler. HCS is a deterministic (equation-based) tool
that implements the methodologies in the Highway Capacity Manual (HCM). TransModeler is a
microsimulation tool that can model most roadway and intersection types. As a stochastic tool,
TransModeler employs randomness in the computational methods to model real world traffic
conditions.

It is the requirement of ODOT to use HCS for all analyses when possible. TransModeler may
be required to evaluate heavily congested conditions, complex geometric configurations
(i.e., complex weaves), and system-level impacts of the improvements that are beyond the
limitations of HCS.

With approval from ODOT, additional analysis tools may be used on a project-by-project basis. This
includes the Synchro/SimTraffic software package. Contact the Office of Roadway Engineering for
guidance on the use of Synchro/SimTraffic, if approved. While the OATS Manual is written
specifically for the use of HCS and TransModeler, many of the HCS elements in this manual are
applicable to Synchro analysis. Likewise, many of the TransModeler elements in the OATS Manual
are applicable to SimTraffic analysis. The analyst should apply these elements whenever possible

The tool selection and reasoning shall be justified and stated clearly in the scoping document. For
more information regarding analysis tool selection, please refer to Chapter 3.

1.1.7 Data Requirements and Data Collection Plan

Data is crucial for accurate analyses. In addition to using it for critical analysis inputs, data is used
for calibration and validation to ensure accurate analysis. Chapter 4 details the data needs as well
as the collection methods to be used when obtaining the data. Some data can be obtained from
existing sources while other information will require field measurements. On the scoping form, the
data collection needs and locations shall be explicitly stated.

1.1.8 Project Traffic Forecasting

The analysis scoping document should include the demand forecasting procedure for future year
analysis. Future years include opening, design, and any interim years as defined by the analysis
period. Traffic forecasts used in HCS are typically turning movements. However, TransModeler can
use turning movements or origin and destination (0-D) tables. O-D tables may be especially
beneficial when new connections are constructed or when route choices may be altered because of
the improvement being analyzed.

For ODOT projects, there are four primary ways to develop traffic forecasts:

i.  Certified Traffic - Traffic forecasts are developed in accordance with the methodologies
outlined in ODOT’s Ohio Traffic Forecasting Manual. The Office of Statewide Planning,
Modeling and Forecasting (M&F) will either complete or review and approve these forecasts.

ii.  District Approved Traffic - Traffic forecasts may be developed using the Traffic Forecasting
Management System (TFMS) or certified traffic methodology as is most appropriate for the
project. Forecasts initially developed using TFMS may need to be completed using the
certified traffic methodology. For additional information, see ODOT’s Ohio Traffic
Forecasting Manual, Volume 1.

iii.  Simulation Demand Estimator (SDE) Tool - When using the SDE Tool, analysts should
coordinate with ODOT Modeling and Forecasting as early as possible in the project. SDE will
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typically only be used for very large corridor studies where the diversion of traffic to
alternate routes are anticipated.

iv.  Planning level forecasts - Planning level forecasts should be developed per ODOT’s Ohio
Traffic Forecasting Manual, Volume 2.

1.1.9 Project Alternatives

The project alternatives should be detailed in the scoping process. It is the requirement of ODOT
to perform design year No-Build conditions analyses of the roadway network for all projects. The
No-Build analysis is used as a baseline to compare Build alternatives. The No-Build condition should
include not only existing projects under development, but also committed improvements with
programmed funding expected to be completed by the design year.

For Complex Type projects, the Existing conditions (current year traffic volumes, geometry, and
traffic control) analysis is required and will be used for calibration and validation of the analysis.

While the specific configurations being analyzed as Build conditions may not be known at the time
of scoping, the number of alternatives being analyzed should be identified in the scoping document.

1.1.10 Performance Measures of Effectiveness (MOEs)

Numerical outputs from the traffic analysis are the measures of effectiveness (MOEs) which are
metrics used to assess the performance of an isolated location or system. MOEs are also used to
compare the performance under various design or improvement alternates.

Level-of-Service (LOS) is a readily recognizable indicator of traffic operations and has been widely
used by different agencies when evaluating the traffic operations performance of facilities.
However, LOS alone does not necessarily give insight about the overall performance of the facility.
Thus, additional quantifiable measures should be included in the analysis to better assess the
performance of the location or network being analyzed.

At a minimum, the outputs of LOS, delay or density, 95th percentile queue lengths, volume-
to-capacity (v/c) ratios, and queue-storage ratios (QSR) should be reported for all analyses.

Additional MOEs can be reported based on the project being analyzed. Analysts should work with
the ODOT project manager during the scoping process to determine if additional MOEs are required.
Such MOEs could include average speed for the corridor or study area, travel times, vehicle-hours
delay, and density for the facility.

Additional guidance on the MOEs are provided in Chapter 1.

1.1.11 Analysis Report and Documentation

Documentation requirements for a traffic analysis should be established as part of the traffic
analysis scoping. The scope of the traffic analysis should describe how the results will be presented
to the intended audience such as policy makers and the public. Documentation is also necessary to
enable a reviewer to independently confirm analysis assumptions, analysis methodology, input data,
outputs, and if necessary, reproduce the same results presented by the analyst. The documentation
necessary to support traffic analysis should be proportional to the size of the project and complexity
of the analysis. Specific documentation requirements for traffic operational analyses are provided
in Chapter 9.
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1.2 Traffic Analysis Scoping Checklist

A traffic analysis scoping checklist must be completed for each project. This checklist found here
is a guidance that should be used by the analyst when preparing the scoping documents and fee
estimates.

Chapter 2. Traffic Analysis Limits

This chapter provides guidance on establishing traffic analysis limits.

2.1 Spatial Boundary Limit

The analysis boundary depends on the operational influence area of the surrounding traffic network.
The influence area is the project area (the roadway network that is being improved) plus the
surrounding traffic network that has an impact on the operations in the project area. This area
could range from one intersection from the end of the project to over two miles outside the project.
Proper identification of the influence area increases the level of accuracy of the traffic analysis in
replicating real world traffic characteristics. The analyst should initially conduct a field inspection
to determine the extent of any existing congestion and identify any hidden bottlenecks. Hidden
bottlenecks are formed when the existing demand at a segment or point is constrained by upstream
bottlenecks. In such conditions, correction of the upstream bottleneck by the improvement would
normally shift the bottleneck to a downstream capacity constrained location.

@ The minimum study boundary for analyses performed are stated in the SHAMM for traffic

impact studies and the Traffic Academy training material for interchange studies

(IJS/IMS/10S). Analysis boundaries for corridor studies that do not include an interchange

will include at least the first adjacent signalized intersection on either side of the study
intersections.

There are several instances in which the spatial boundary expands past the minimum limits:

= Bottlenecks that affect traffic flows into or out of the study area. To the extent possible,
the analysis boundary should be free of congestion. Bottlenecks outside the minimum
analysis limits should be included to determine the impacts within the study area when the
bottleneck is removed.

= Queues at study intersections that extend past the minimum limits. Similar to bottlenecks,
the analysis area should encompass the queueing to determine the impacts when the
queueing is alleviated.

= Major system/service interchanges just outside the minimum boundary limits. These large
interchanges could affect the lane changing behavior in the study area and should be
included in the model limits.

= Existing undersaturated condition that could become oversaturated by the design year.
Expansion of the analysis boundary should be considered to ensure the model limits will be
undersaturated in the design year.

= Adjacent intersections (because of being part of a coordinated system) may affect the
formation of vehicle platoons along the arterial. If the project is within an arterial with
signal coordinated system, the analysis boundary should be extended, to the extent possible,
to include the effect of coordinated signals.
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If it is impractical to extend the analysis limits to an area free from congestion, microsimulation
with TransModeler should be used to complete the analysis.

It is critical that the analysis limits be consistent across all alternatives (Existing, No-Build,
Build) so that system metrics such as vehicle-hours travel, vehicle-hours delay, travel time,
etc. can be compared.

2.2 Temporal Boundary Limits

Temporal boundary limit is the duration of the traffic analysis period. The duration of the model
should allow for the build-up of congestion and the dissipation of congestion and depends on if the
project area has undersaturated or oversaturated conditions.

Per the Highway Capacity Manual, 6" Edition (HCM), traffic flow during an analysis period (e.g., 15
minutes) is specified as being undersaturated when the following conditions are satisfied: (a) the
arrival flow rate is lower than the capacity of a point or segment (i.e., drivers can choose their
desired speed), (b) no residual queue remains from a prior breakdown of the facility, and (c) traffic
flow is unaffected by downstream conditions. For uninterrupted-flow facilities, travel speeds are
usually within 10% to 20% of the facility’s free-flow speed. On interrupted-flow facilities, queues
form as a natural consequence of the interruptions to traffic flow at intersections. Therefore, travel
speeds on undersaturated interrupted-flow facilities are typically 30% to 65% below the free-flow
speed of the facility. At intersections, if all the demand on an approach is served within a 15-minute
analysis period, including any residual demand from the previous period, the approach is considered
to be undersaturated.

Similarly, traffic flow during an analysis period (e.g., 15 minutes) is characterized as being
oversaturated when any of the following conditions are satisfied: (a) the arrival flow rate exceeds
the capacity of the facility, (b) a queue created from a prior breakdown of the facility has not yet
dissipated, or (c) traffic flow is affected by downstream conditions. On uninterrupted-flow facilities,
oversaturated conditions result from a bottleneck on the facility. During periods of oversaturation,
queues form and extend upstream while traffic speeds and flows drop significantly because of the
turbulence. Even after the demand at the back of queue drops, some time is required for the queue
to dissipate because vehicles discharge from the queue at a slower rate than they do under free-
flow conditions. On interrupted-flow facilities, oversaturated conditions generate a queue that
grows faster than can be processed at an intersection over the analysis period.

For locations where traffic flow is oversaturated, a single 15-minute traffic analysis period is
typically not sufficient to quantify the total delay and queue length on the corridor. A multiple-
period analysis would be used to capture the effect of demand that is not served by the facility
from one 15-minute interval to the next. The multi-period analysis should account for the residual
queues (unmet demand) from one period by using them as the initial queue in the subsequent
period. It is important to note that in this type of analysis, the first and last periods of the multiple-
period analysis should be undersaturated.

While ODOT recognizes the potential benefits of multi-period analysis, our requirement is
that all traffic analysis be conducted as a single analysis period. The use of multi-period
analysis may be required in a future update to this manual.
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Chapter 3. Analysis Tool Selection

ODOT has adopted the use of HCS and TransModeler software to perform capacity analyses on ODOT
projects. Each tool provides different benefits to the analyst. To obtain cost-effective, yet
reasonable analysis results at a desired level of confidence, guidance for selecting the proper
analysis tool is provided in this chapter.

3.1 Traffic Analysis Tools

3.1.1 Highway Capacity Manual (HCM)/Highway Capacity Software (HCS)

The Highway Capacity Manual (HCM) is the most widely used document in the transportation
industry that contains a set of methodologies and application procedures for evaluating the capacity
and quality of service of various transportation facilities. It is a tool for analyzing existing facilities
and for the planning and design of future systems. HCM is built from more than 60 years of research
work and represents a body of expert transportation consensus.

Highway Capacity Software (HCS) is a computer program that implements the HCM methodologies.
Both HCM and HCS analyze capacity and LOS for uninterrupted-flow and interrupted-flow roadways.
Other travel modes covered by HCM and HCS are pedestrian, bicycle, and transit. Results from
arterial traffic models created by HCS can be directly exported to TransModeler software.

3.1.2 TransModeler

Unlike the equation-based methods of HCS, TransModeler uses microsimulation to analyze all types
of roadway networks. TransModeler uses car-following and driver behavior logic to simulate the
traffic operational behavior of various geometric conditions as traffic volumes and speeds fluctuate.
Several measures of effectiveness (MOEs) can be obtained from the analysis, including some
comparable to the methodologies in the HCM.

3.2 Which Tool is Appropriate?

While HCS and TransModeler are both great tools for analysis, there are benefits to using one
tool over the other. Figure 3-1 provides a flow chart for selecting the appropriate tool.

@ HCS is required for all analyses except for conditions where HCS cannot adequately
analyze project elements.
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Figure 3-1. Tool Selection Flow Chart

TransModeler is needed for the following analysis types/reasons:

Weaving areas - While HCS can evaluate weaving sections, TransModeler should be used
to supplement the HCS results whenever HCS results in LOS F, or when the capacity of a
weaving segment is exceeded. This occurs when the weaving flow rate (Vw) exceeds
2,400 pc/h when Nw. is 2 lanes, or where Vw exceeds 3,500 pc/h when Nw. is 3 lanes.
Note, be cautious of when these thresholds are exceeded and when the HCS Segment
Length (Ls) exceeds the Maximum Weaving Length (Lwax). When this occurs, HCS analyzes
the weave as a basic segment, which most likely will operate better as a basic segment
compared to a weave. A supplemental analysis is required when Vw exceeds the
thresholds noted above and where Ls > Luax. For these cases, reduce Ls so HCS analyzes
the weave as a weave. When used just to supplement weaving sections, only the freeway
direction containing the weaving segment and the weave itself should be analyzed in
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TransModeler. It is not necessary to model the entire traffic analysis area in
TransModeler. See Figure 3-2 for the limits of a sample TransModeler weave.

= Freeway and arterial intersections - HCS cannot analyze the interactions between
freeway facilities and arterials. If the analysis of this interaction is critical (i.e., to
measure queue spillback onto the mainline freeway), TransModeler should be used.

= Closely spaced intersections - TransModeler should be used to evaluate the queues
between the intersections to ensure that they do not impact upstream signals.

= Uneven lane distribution - While HCS can account for uneven lane distribution,
TransModeler can measure the effects upstream of vehicles favoring one lane over
another because of a downstream turn or lane drop. These situations include dual turn
lanes, a lane drop a short distance downstream of an intersection, and interchange types
such as a cloverleaf where a large portion of the traffic will be in the right-most lanes.

= Alternative intersections - The results from TransModeler for complex intersections are
more reliable than those from HCS. Such intersection types include diverging diamond
interchanges, continuous flow intersections, R-cut intersections, five-legged
intersections, and three-lane roundabouts.

=  Mix of intersection traffic control types - For corridors that have a mix of traffic control
types that will have significant influence on each other. An example could be a signal
metering traffic approaching a nearby stop-controlled intersection. Additionally, mixing
roundabouts and signals on a corridor could result in queueing through the roundabout.
In such situations, TransModeler can be used to evaluate these effects.

= Active Transportation and Demand Management (ATDM) applications - HCS cannot
accurately analyze ATDM strategies such as ramp metering and should be analyzed using
TransModeler.

= Reviewing system-wide measures of effectiveness - When system-wide metrics, such
as travel times, average speeds for the corridor/study area, and vehicle-hours delay are
being evaluated, TransModeler should be used.

= Oversaturated areas that are impractical to expand - When project areas are
oversaturated, and it is impractical to expand the analysis limits to undersaturated
areas, TransModeler should be used. Lengthening the project area by several miles or
multiple interchanges/intersections is considered impractical.

= Traffic rerouting - Using the Origin-Destination (0O-D) matrix in TransModeler, traffic
can dynamically be rerouted through the roadway network. This application is especially
critical when improvement options close or change accesses to freeway segments or add
new connectors that may shorten the travel time or distance for some drivers. While
these traffic volumes can be manually rerouted, it is time intensive when multiple
alternatives are being evaluated and it requires the analyst to make several assumptions
to estimate the new paths.

= ODOT PDP Path 5 Projects or other high-profile projects - For projects under public
scrutiny or where public involvement is critical to the success of the project,
visualization may be helpful. With the analysis in TransModeler, public-ready graphics
and videos can be created to help the public and other stakeholders understand the
proposed improvements and how they will affect traffic flow within the study area.

= Interaction between vehicular traffic and transit - The effects of transit stopping in
travel lanes or receiving priority at signals can be accurately evaluated using
TransModeler.
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= Other conditions on a project-by-project basis - Other project conditions not listed
here may require TransModeler analysis. Coordination between ODOT and the analyst
should begin early in the scoping process to discuss the advantages and disadvantages of
using TransModeler over HCS.
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Figure 3-2. TransModeler Weave Analysis
There are several things to keep in mind for ODOT projects:

@ HCS is required for all analyses except for conditions where HCS cannot adequately analyze
project elements. Some examples include:

e A weave that can be analyzed in HCS with a LOS F

e A complex weave where there are more than two origins or two destinations

e A compound weave where a weave exists within a larger weave

e Arterial weaving

e Intersections with more than 4 approaches

e Two closely spaced signalized intersections that function as one intersection under one
controller

e Lane utilization along a corridor at an interchange with multi-lane roundabouts and/or
signalized intersections

Each project is unique, therefore TransModeler may be required for the No-Build and Build
conditions and in some cases, just the Build condition. Contact the Office of Roadway
Engineering during the scoping of a project for guidance.

Both HCS and TransModeler can be used on the same project. If, for example, the project
involved a freeway section with multiple interchanges but had one weave (that requires
microsimulation), the entire freeway network analysis could be done using HCS.
TransModeler can then be used to verify and supplement the results from HCS for the weave
segment.

3.3 Comparing Results

The selection for MOEs for any analysis is critical, especially as the FHWA Traffic Analysis Toolbox
cautions against the use of comparing simulation results to the HCM derived results. It notes that
the analyst needs to review the software documentation to understand the differences and to be
sure that the microsimulation software is calculating LOS properly. Based on discussions with the
software developer, Caliper, it was determined that TransModeler appropriately presents the LOS
results in a manner that is consistent with the HCM methodologies.

For basic analysis (i.e., those situations not listed in Section 3.2) of mainline freeways, merges,
diverges, and arterial intersections and segments, the results between HCS and TransModeler have
been noted to be consistent. For weaving segments, results have been shown to vary greatly
between HCS and TransModeler. One such reason for this analysis is that the HCM freeway merge
and diverge methods are much different than the HCM weaving methods. They have different
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density equations - the weaving density includes all lanes in the cross section while the merge and
diverge density only includes the two lanes closest to the ramp.

@ All weaving analyses from HCS resulting in LOS F should be supplemented with TransModeler.
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Chapter 4. Data Collection

This chapter details the data requirements, data resources, and data collection procedures for
obtaining necessary data to conduct the traffic analysis and simulation.

4.1 Field Observation

Field observations are critical to obtain accurate results for both HCS and TransModeler analyses.
During the field review, the analyst becomes familiar with the general traffic flow characteristics
within the study area. Desktop review of the study area through aerial photographs, video logs, or
online street view databases should not replace physical field observations.

The field observations should be conducted during the AM and PM peak periods to identify:

= Areas of congestion

= Queues

= Unequal lane utilization

= Driver behavior characteristics (i.e., aggressiveness)

= General operating characteristics of the study roadways

The information gathered during the field observations will be used to calibrate the analysis to
match existing operating conditions for all Complex Type projects as well as verify the analysis
whenever an existing analysis is done.

4.2 Traffic Counts

Traffic counts should be collected irrespective of the traffic analysis software being used. For
projects where certified traffic is being developed, traffic counts are typically part of the certified
traffic request, so it would not be necessary to collect them twice.

Existing count data, if available, may be used. Data may be obtained from the ODOT TMMS site
(http://odot.ms2soft.com) or through a local agency. Many MPOs have a count database which can
be used to obtain the count data. Counts older than three years should not be used.

@ Traffic count collection should follow the methodology detailed in Appendix A of the Ohio
Traffic Forecasting Manual, Volume 2.

4.2.1 Turning Movement Counts

Turning movement counts should be collected on a Tuesday, Wednesday, or Thursday on weeks that
do not contain a holiday. Consideration should be given to a study area where peaked traffic is
expected. For example, near schools or where shift changes occur (i.e. warehouses, factories,
hospitals, etc.). Counts should be conducted in 15-minute intervals typically between 6:00AM-10:00
AM and 3:00PM 7:00PM to capture both of the required AM & PM Peaks. Additional count periods
(such as midday, weekend, evening, holiday, etc.) may be required on a project by project basis.
For all collected counts, vehicle classifications should be included.

@ If the study intersection is in a downtown area or other high pedestrian location, pedestrian
counts should be collected as part of the intersection turning movement count.
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4.2.2 Demand vs. Capacity

Where existing demand exceeds capacity, traffic counters will only capture the capacity. Counts
that only represent the capacity are underreported and will result in an inaccurate analysis. The
study roadways will be shown to perform better than reality. Where traffic counts are being used,
they should be adjusted to reflect actual demand. This is done in one of two ways. The first method
would be collecting queue counts as defined in the Ohio Traffic Forecasting Manual, Volume 2. The
second method is collecting additional traffic counts at a location upstream of the congested
location. If the congested location is the approach to an intersection, it can be assumed that the
intended turning movements within the traffic stream at the upstream, uncongested location will
have the same directional proportion (left turns, throughs, right turns and U-turns) as those
observed at the stop line. This is illustrated in Figure 4-1.

-
Direction of Travel ) ) o S - 700

")
=

Mid-Block Count | Back of Queue Intersection TMC
=1,200 (200 + 700 + 100 = 1,000)
. 1,200
Adjusted DemandFactor = —— = 1.2

1,000

Adjusted Demand Volumes = Count x Demand Adjustment Factor
Left Turn: 200 x 1.2 = 240

Through: 700 x 1.2 = 840
Right Turn: 100 x 1.2 = 120
Total 1,200

Figure 4-1. Adjustment of Turning Movement Counts to Demand Volumes

4.2.3 Mainline and Arterial Segment Counts

Segment counts are not needed for every study as usually turning movement counts can provide
adequate count information. Segment counts should be considered at locations where the demand
is likely to exceed capacity. Additionally, segment counts should be collected along mainline
freeway segments. Provided turning movement counts at all the ramp terminal intersections within
the study area have been collected, only one mainline count would be required. The turning
movement counts in conjunction with the ramp terminal intersection counts can be used to
calculate the volumes of all the ramps and other freeway segments in the study area.
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When needed, segment counts, including vehicle classifications, should be collected for 24 to 48
hours in 15-minute intervals. For arterials, when segment counts are collected, the counts should
be collected upstream of the back of the queue so that demand, rather than just capacity, is
counted.

4.2.4 Volume Balancing and Smoothing

According to the Ohio Traffic Forecasting Manual, Volume 2, balancing and smoothing are two
processes by which differences between traffic volume data at new nearby locations are reduced
or eliminated completely. These two terms are defined as follows:

= Balancing refers to the process of eliminating the traffic volume difference between two
points completely.

= Smoothing is used to reduce the traffic volume differences to reasonable levels as
determined by the forecasters.

The need to balance or smooth volumes is reduced or mitigated when counts are collected on the
same day.

Refer to the information provided in Section 2.6 in the Ohio Traffic Forecasting Manual, Volume 2
for when balancing or smoothing is appropriate, methods for balancing or smoothing, and factors to
consider while balancing or smoothing volumes.

4.2.5 SDE Tool Count Collection

For projects that will include the Simulation Demand Estimator (SDE) Tool (see 7.2.2), check with
ODOT Modeling and Forecasting prior to the collection of the traffic counts to ensure that all data
needs are collected. The SDE Tool may require count data outside of the parameters described
herein. These needs will be discussed at the Early Coordination Meeting.

4.3 Average Speed/Travel Time
@ For Standard Type projects, average speeds and travel time data are not required.

@ For Complex Type projects, average speeds and travel time data is required for calibration
and validation of HCS and TransModeler analysis for existing conditions.

Average speeds (and resulting travel times), can typically be obtained from INRIX data using the
Congestion Scan feature under the Probe Data Analytics Suite. Within the INRIX website portal,
tutorials are available to demonstrate how to pull speed data. StreetLight InSight can also be used
to obtain speeds. The average travel speeds should be obtained in 15-minute intervals on a Tuesday,
Wednesday, and Thursday over the course of a one-year period.

Speed information in INRIX is provided for most Interstate, US, and state routes in Ohio. If INRIX or
StreetLight InSight speed data is not available, travel times and speeds should be collected using a
GPS based automated device using Tru-Traffic. The decision to collect travel time information
should be made during the scoping process. It is recommended that travel times be collected on
arterial (not for single intersection analyses) or freeway projects where INRIX data is not available
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and demand is known to exceed capacity (i.e., significant queueing is observed) so that the analysis
can be properly calibrated.

@ At least five passes in each direction during each analysis time period is required. More

passes are preferred in the event that some runs need to be thrown out. Data should be

collected on a Tuesday, Wednesday, or Thursday during a week without a holiday.

Consideration should be given to the schedules of the schools in or adjacent to the study

area. The floating-car technique is the preferred collection method. For this technique, the

driver “floats” with traffic by attempting to safely pass as many vehicles as pass the test
vehicle.

4.4 Queue Lengths

Queue lengths are an important metric in the calibration process for both HCS and TransModeler.
As defined in the HCM, the back of queue is the position of the vehicle stopped farthest from the
stop line during the cycle because of the red signal indication. Queue size is defined to include only
vehicles that are fully stopped (traveling 5 mph or less per the HCM).

HCS calculates the 95" percentile queue in feet for signalized intersections. HCS calculates the 95t
percentile queue in vehicles for AWSC (all-way stop control), TWSC (two-way stop control), and
roundabout analyses. Multiply the queue given in vehicles by 25 feet to convert to a length.

@ For Standard Type projects, collecting queue lengths is not required.

For Complex Type projects, queue lengths should be field measured at intersections where
demand is known to exceed capacity. During the analysis periods, observers in the field or
using video recordings note the number of vehicles stopped on the approach at the start of
the green signal for each cycle. For unsignalized intersections, observations are recorded in
equal intervals of every minute.

4.5 Existing Signal Timings

For Complex Type projects and any other projects analyzing existing conditions, existing signal
timings are required for the analysis of all signalized intersections regardless of the software being
used. If possible, the existing signal timings should be provided by the maintaining agency. If those
timings are not available, they can be field measured. Over the course of five signal cycles, the
splits for all movements should be recorded and averaged to determine the existing cycle length,
splits, and signal phasing. When measuring timings in the field, four seconds of yellow clearance
and two seconds of all-red intervals can be assumed. Based on the measured cycle length and splits,
it can be determined if the signal is actuated/coordinated (same cycle length but different split
lengths), actuated/uncoordinated (different cycle lengths and different split lengths) or pretimed
(same cycle length and same split lengths) which is another important factor when analyzing
signalized intersections.

Pedestrian timings should be included in the analysis at locations where there is heavy pedestrian
activity such as near schools, an event center, or a downtown area. In these locations, the
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pedestrian clearance intervals should be included in the existing signal timings and incorporated
into the existing analysis.

4.6 Free-Flow Speed

The HCM defines free-flow speed as the average running speed of through vehicles traveling along
a segment under low-volume conditions and not delayed by traffic control devices or other vehicles.
Free-flow speeds are required for both HCS and TransModeler analyses.

There are two possible ways to obtain free-flow speed data:

i.  INRIX or StreetLight data - Similar to obtaining average travel speeds, the free-flow speeds
can be obtained from INRIX using the Congestion Scan feature under the Probe Data Analytics
Suite or through Streetlight InSight. The 50" percentile speeds on the study corridor
between 6:00 AM and 10:00 AM averaged on Saturdays and Sundays between April and
October (to ensure during daylight hours) should be considered as free-flow speeds. Days
with known external factors (i.e., construction periods, incidents, weather conditions, etc.)
should be excluded from the collection if possible. INRIX is the preferred method for
obtaining free-flow speeds in Ohio.

ii. Posted speed limit + 5 mph - The posted speed limit plus 5 mph should be used to determine
the free-flow speed. For example, a freeway with a posted speed limit of 65 mph will have
a free-flow speed of 70 mph.

Freeway free-flow speed used for all HCS and TransModeler analysis is the posted speed limit
plus 5 mph. In the HCS Facilities module, this applies to Basic, Merge, Diverge, Overlap, and
Weave segments.

For Merge, Diverge, and Weave segments, the Ramp Free-Flow Speed is:

= Diamond-style on-ramps and off-ramps: The Freeway Free-Flow Speed minus 15 mph.

= Ramps with curves: The speed of the tightest ramp curve ramp plus 5 mph. Ramps with
curves often have advisory speed signs. Where present, the analyst can use the advisory
speed plus 5 mph. See Appendix D, Example 4.6A for more information.

4.7 Lane Utilization

Per the HCM, the lane utilization adjustment factor accounts for the unequal distribution of traffic
among the lanes in those movement groups with more than one lane such as dual left turn lanes or
two or more through lanes. Another case could be an exclusive left turn lane plus a shared left-
through lane. At some locations, drivers may favor one lane over another in anticipation of a
downstream turn. Additionally, some intersections have a through lane that drops just downstream
of the intersection. This type of lane can be underutilized if it is relatively short. In both cases, the
lane utilization should be field measured for analyses using both HCS and TransModeler.

On freeways, vehicles may favor a particular lane in preparation of a downstream exit. In the
weaving analysis and the consideration of upstream and downstream ramps for merge/diverge
analysis, HCS will account for this in most situations. However, unequal lane distribution can often
be ignored in the analysis for boundary links. If the chosen boundary link has a heavy weaving volume
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or other factors causing an unequal lane utilization, the limits for the analysis should be expanded.
If the limits cannot be expanded past this segment, TransModeler should be used.

Most locations will have even lane utilization and lane utilization data will not need to be collected.
At the scoping of the project, the determination needs to be made on when lane utilization will be
required. One example when it may be needed is the situation where there are two through lanes,
but immediately after the intersection, the two lanes merge into one. At this location there is
typically an imbalance in number of vehicles in each lane. The through lane that merges in may only
have 20% of the total through volume while the lane that doesn’t end may have 80% of the total
through volume. Without adjusting the lane utilization adjustment factor, the delay and queue
length for this movement may be underestimated.

Where an unequal lane distribution occurs, the lane utilization factor must be field
measured. The field measurement should be obtained during a 15-minute period during each
analysis period. From this measurement, the lane utilization for the entire hour can be
extrapolated. If the traffic counts were collected using Miovision, the video can be reviewed
to obtain this measurement without being in the field.
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4.8 Data Needs Summary

Freeway summarizes the data needs for conducting traffic analyses for ODOT Projects.

Table 4-1. Data Needs Summary

Facility Type Data Type Notes and Potential Data Needs/Sources

Signalized
Intersection
(Includes
Ramp
Terminal
Intersections)

Intersection Geometry
and Configuration

Number of lanes on each approach, lane
markings, and turn lane lengths

Aerial maps/photography
Photolog/Google Streetview

Confirm with field reviews as appropriate

Turning Movement
Counts

Historical counts not older than 3 years can be
used (from ODOT TMMS or other local sources)
Collected on Tuesday, Wednesday, or Thursday
on weeks that do not contain a holiday
15-minute intervals typically between 6:00 AM
and 7:00 PM

Vehicle classification included

Collect segment counts to determine demand
Pedestrian counts for high pedestrian areas

Queue Lengths
(Complex Type)

Field measured when demand is known to
exceed capacity

Existing Signal Timings

Obtained from maintaining agency
Field measured when timings are not available

Lane Utilization

Field measured for a 15-minute period during
the analysis period at locations where lanes are
not equally utilized.

Unsignalized
Intersection
(Includes
Ramp
Terminal
Intersections)

Intersection Geometry
and Configuration

Number of lanes on each approach

Aerial maps/photography
Photolog/Google Streetview

Confirm with field reviews as appropriate

Turning Movement
Counts

Historical counts not older than 3 years can be
used (from ODOT TMMS or other local sources)
Collected on Tuesday, Wednesday, or Thursday
on weeks that do not contain a holiday
15-minute intervals typically between 6:00 AM
and 7:00 PM

Vehicle classification included

Collect segment counts to determine demand
Pedestrian counts for high pedestrian areas

Queue Lengths
(Complex Type)

Field measured when demand is known to
exceed capacity

Lane Utilization

Field measured for a 15-minute period during
the analysis period at locations where lanes are
not equally utilized.
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Facility Type

Notes and Potential Data Needs/Sources

Data Type

Roadway Geometry
and Configuration

Speed Limit, number of lanes

Aerial maps/photography
Photolog/Google Streetview

Confirm with field reviews as appropriate

Assemble signalized and unsignalized

Counts

Urban/Rural Intersection Data intersection data shown above at all
Corridor intersections
Average Speed/Travel | = Obtained from INRIX or StreetLight data
Time = Field measured if INRIX or StreetLight data is
(Complex Type) not available
Free-Flow Speed = Posted Speed Limit + 5 mph
= Speed limit, number of lanes, auxiliary lanes,
and merge/diverge/weave locations,
Highway Geometry acceleration/deceleration lengths
and Configuration =  Aerial maps/photography
= Photolog/Google Streetview
= Confirm with field reviews as appropriate
Ramp Terminal . Assemblg signalized and unsignalized
Intersection Data !ntersect!on data shown above at all
Freeway intersections
(Facilities, = Can be obtained from ODOT continuous
Basic, Merge, counters if located within study area and ramp
Diverge, volume and/or ramp terminal intersection
Weave) Mainline Traffic volumes are known

If collected, must be collected for 24-48 hours
in 15-minute intervals on a Tuesday,
Wednesday, or Thursday during a week that
does not contain a holiday

Average Speed/Travel
Time
(Complex Type)

Obtained from INRIX or StreetLight data
Field measured if INRIX or StreetLight data is
not available

Free-Flow Speed

Posted Speed Limit + 5 mph
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Chapter 5. General Traffic Analysis

This chapter details the typical inputs that go into the traffic analyses for ODOT projects. ODOT
preferences are also described.

5.1 Grade
The grade of a roadway segment can have an impact on the capacity and operations of the facility.

Grade should be considered whenever it exceeds 3 percent for longer than a half-mile. For
most cases, the default grade should be “level”. For locations where the grade exceeds 3
percent for longer than a half-mile, the actual grade should be used for the analysis. If
grades cannot be field measured, they can be estimated using Google Earth. Grade for ramps
shall be assumed to be zero.

5.2 Peak Hour Factor

Traffic flow rates typically vary over the course of an hour. The Peak Hour Factor (PHF) is a measure
of the traffic demand fluctuations within the analysis hour. The following equation is used to
calculate the PHF:

PHF = X Vis

Where

V = peak hour volume (veh/h)

V15 = volume during the peak 15 minutes of the peak hour (veh/15 minutes)

A PHF of 1 indicates that the traffic volume in every 15-minute interval is the same and therefore
the traffic flow is consistent throughout the hour. Lower PHF values indicate more variable traffic
flows and that the traffic volume has a spike during the peak 15-minute interval. PHFs in urban
areas generally range from 0.80 to 0.98. PHFs over 0.95 are often indicative of high traffic volumes,
sometimes with capacity constraints on flow during the peak hour. PHFs under 0.80 occur in
locations with highly peaked demands, such as schools and factories during shift changes.

@ The existing year PHF should be calculated for all intersections from traffic counts collected

for the project. When calculating the PHF, it should be calculated for the intersection as a

whole and not individual approaches or movements. The minimum PHF should be 0.80 unless

it is justified by highly peaked demands such as schools and factories during shift changes.

It is assumed that the PHF for the design year is the same as the calculated PHF for the
existing year.

PHF for freeway mainlines shall be the default value of 0.94. Ramp PHF will be the PHF
calculated for the off-ramp and on-ramp from the turning movement counts. Calculations
of the PHF need to be included with the traffic analysis submission.

If project specific traffic counts are not available, the following default values for Peak Hour
Factor may be used:

= (0.94 for ramps = (.92 for arterials
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@ The use of PHF in HCS will include entering the hourly volume and PHF.

PHF in TransModeler is accounted for by one of the following methods:

= The volumes are entered in four 15-minute periods.

=  When entering the volumes using turning movements, select single period and enter
the appropriate PHF in the Turning Movement Table Settings. Hourly volumes are
used for turning movements.

=  When entering the volumes using an O-D matrix, create a curve-based time
distribution based on the calculated PHF. Table 7-8. O-D Matrix Curve Data for Various
PHF shows the curve distribution data for PHFs from 0.80 to 1.00. See Section
7.2.2.5 for how to enter a curve-based time distribution.

Only one PHF can be used for the project in TransModeler. A critical study intersection or
high-volume intersection should be selected to represent the study area. If the majority of
the study area is freeway, a value of 0.94 shall be used.

Calculations used to determine the intersection PHF shall be included as an appendix to the report
developed for the study.

See Appendix E, Examples 5.2A through 5.2E for traffic plates showing the PHFs, PHFs and truck
percents, and calculation of Ramp PHFs.

5.3 Saturation Flow Rate

Default saturation flow rates should be used for the analysis unless field data is available. This
applies to all intersection control, including All-Way Stop Control (AWSC), Two-Way Stop Control
(TWSC), Roundabouts, and Signals. Table 5-1 provides the default rates to be used for different
areas for signalized intersections. Urban areas are defined using the Census Urban Areas boundary
layer in the Transportation Information Mapping System (TIMS). An attribute for UATYP10 of “U”
will be an urban area.

Table 5-1. Default Base Saturation Flow Rates

Base Saturation
Flow Rate (pc/h/In)

Area Type for Signalized
Intersections

Urban Area 1,900 (default)

Otherwise 1,750
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Saturation flow rate is a direct input into HCS. While HCS allows for different saturation flow

@ rates for each intersection movement, unless there is a specific reason to use different rates
for different movements (which should be documented in the Model Documentation Form),
the same saturation flow rate should be used for all movements at the intersection.

T In TransModeler, direct entry of the saturation flow rate is not available. Refer to Section
M 7.3.5.2 to determine how to make the necessary model changes to reflect the field
measured saturation flow rate.

5.4 Right Turn Treatments

The treatment of vehicles turning right during the red signal or from yield-controlled or free-flow
lanes affects the capacity calculations for both HCS and TransModeler.

for RTOR flow rate. At locations where RTOR movements are a significant component in
intersection operations, TransModeler may be a more appropriate tool.

@ When using HCS, right turns on red (RTOR) are not allowed and a zero value should be used

For channelized right turn movements that are yield-controlled or free-flowing and are not
affected by queueing at the signal (i.e., a channelized exclusive right turn lane), the right
turn demand should be included in the analysis and the “Unsignalized Movement” box
checked. The value for “Unsignalized Delay” should be zero. If the right turning analysis is
critical to the results, microsimulation should be used.

Where multi-lane right turns are analyzed, it should be assumed that 80% of the right turns
will be made in the right turn lane closest to the curb due to the ability to turn right on red,
unless field data is available. When dual right or triple right turns are used, no right turn on
red should be considered to improve lane utilization.

T The car following and gap acceptance algorithms in TransModeler allow the software to

accurately simulate the RTOR flow rates and the channelized right turn movements. Visual
inspection should be performed to ensure that the simulation matches existing field
conditions.

5.5 Heavy Vehicle Percentages

ODOT defines heavy vehicles as single unit trucks, busses, RV’s and tractor-trailers (Type B&C). The
percentage of heavy vehicles represents the count of heavy vehicles that arrive during the analysis
period divided by the total vehicle count for the same period.

@ The existing heavy vehicle percentages should be calculated based on existing counts. When
calculating the heavy vehicle percentages for intersections, it typically is calculated by
approach and not for individual movements; however, there are scenarios where the heavy
vehicle percentage may need to be calculated for individual movements. One example is

where distribution centers are located on one side of an interchange. In almost all analyses

for ODQOT, the existing heavy vehicle percentages will be the same in the future. If there is

reason to believe that the heavy vehicle traffic will be increasing or decreasing at a different

rate than passenger cars, the future heavy vehicle traffic percentages should be calculated.
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Justification should be submitted to the ODOT Project Manager for approval when heavy
vehicle percentages change between existing and future conditions.

For HCS analyses, the heavy vehicle percentages should be calculated from the existing
counts and entered directly into HCS.

In TransModeler, vehicle fleet characteristics can be adjusted based on heavy vehicle
percentages from existing counts. Refer to Section 7.2.3.2 for information on how to adjust
vehicle fleet characteristics.

5.6 Lane Utilization

As detailed in Section 4.7, the lane utilization adjustment factor accounts for the unequal
distribution of traffic among the lanes in those movement groups with more than one exclusive lane.

The existing lane utilization factors should be calculated from video or field observations.
Lane utilization factors apply at locations with dual turn lanes or where a through lane drops
a short distance downstream of an intersection. Another case would be an exclusive left
turn lane plus a shared left-through lane. For example, an off-ramp has a 3-lane approach
with a Left - Left/Through/Right - Right lane configuration. By default, HCS will view the
off-ramp as a Left - Through - Right configuration unless values are entered on the Percent
Turns in Shared Lane input box. If the lane configurations do not change between existing
and future conditions, the existing lane utilization factor can be assumed for future
conditions. If one alternative changes the lane configuration such that the lanes will be more
evenly utilized, the default lane utilization factors can be used for future conditions. If the
future condition involves a drop lane downstream of an intersection where the existing does
not, the lane utilization for future conditions should be estimated. Calculations and
justifications for the lane utilization estimation should be provided to the ODOT Project
Manager for approval. Very few projects are expected to need lane utilization factors
estimated.

@ For HCS analyses, the lane utilization data can be entered in the Heaviest Lane Volume box
of the DETAILED INPUT DATA window in HCS. For the case of exclusive plus shared turn
lanes, the percent of turns in the shared lane must be entered in the Percent Turns in Shared

Lane box of the DETAILED INPUT DATA window.

The driver behavior parameters in TransModeler and a properly coded roadway network will

most likely reflect accurate lane utilization characteristics. Visual inspection should be
performed to ensure that the simulation model matches field conditions. If the model needs
to be adjusted, the lane connector connectivity bias can be modified in TransModeler. Refer
to Section 7.3.5.2 for information on how to adjust these parameters.

Calculations for lane utilizations that differ from default values shall be included as an appendix to
the report developed for the study

5.7 Signal Timing

Signal timings at signalized intersections drastically impact intersection capacity operations.
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For ODOT projects, the existing signal timings should be used whenever existing signal

@ analyses is performed. Refer to Section 4.5 for more information on obtaining or measuring
existing signal timings. Future year analyses should be conducted using optimized signal
timings using the general guidance provided below. Refer to Section 6.2.2.1 (HCS) and
Section 7.1.4.1 (TransModeler) for how to input the signal timings into the respective
software.

The following general guidelines should be followed when optimizing signal timings for future year
analyses. While they are just guidelines and not standards, deviations from these guidelines should
be approved by ODOT on a project-by-project basis.

=  Signal timing optimization may be performed in Synchro, HCS, or TransModeler. No matter what
software is used for optimization, the resulting signal timings should be entered into the
software being used to conduct the analysis.
= If the existing traffic signals are coordinated, they should be modeled as coordinated in future
year analyses.
= Cycle lengths in the future year analysis can differ from existing conditions but should typically
be between 60 and 120 seconds. Cycle lengths longer than 120 may be required for intersections
that are oversaturated. Cycle lengths at all intersections along a coordinated corridor must be
the same.
= Half or double cycle lengths (i.e., 60 second cycle length at one intersection in a corridor of
intersections with 120 second cycle lengths) are not permitted.
= If the intersection geometry changes between the existing and future conditions or if the
clearance intervals or minimum timings are not known (i.e., if signal timings are measured from
field conditions) the following values should be used:
o Yellow clearance - 4 seconds
o All-red clearance - 2 seconds
o Minimum green time for major street through movements and interchange off-ramp
approaches - 20 seconds
o Minimum green time for minor street through movements - 10 seconds
o Minimum green time for protected left turn phases - 7 seconds
= Alternative intersections such as Single-Point Urban Interchanges and Diverging Diamond
Interchanges can have a much wider intersection than traditional intersections. In this case, the
All-red time may need to be longer than 2 seconds to allow additional time for a vehicle to clear
the intersection.
= If pedestrian crossing times are to be accommodated within coordinated signal timings (see
Scoping Document), the minimum green times should be extended to accommodate Walk and
Flashing Don’t Walk intervals.
o If the Walk and Flashing Don’t Walk intervals are not known, assume 7 seconds for the
Walk interval and 10 seconds for the Flashing Don’t Walk interval.
= Typically, left turn phases should be leading. However, sometimes the lagging left turn phase
can reduce vehicle delays. This phasing is permissible, only if the opposing left turn lanes are
protected only phasing and the queues for the lagging left do not impact the adjacent through
lane.
o Protected-permitted left turn phases cannot be lagging due to yellow trap. Based on the
Manual on Uniform Traffic Control Devices (MWUTCD), the yellow trap is a potentially
adverse safety situation inherent in some signal phasing sequences involving lagging left
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turns in one direction. A left-turning driver, in the intersection waiting for gaps in
oncoming traffic in order to turn left on a permissive green signal indication, sees the
signals change from green to yellow and mistakenly assumes that oncoming through
traffic also has yellow sighals at the same time and will be soon coming to a stop. This
mistaken assumption "traps” the permissive left turner into thinking it is OK to safely
complete the turn when in reality it is not safe, because the opposing traffic continues
to move on a green indication along with a lagging left turn, and a severe crash can be
the result.
= When evaluating optimized signal timings, the minor street will often have more delay than the
major street. This is acceptable but the volume-to-capacity (v/c) ratio for the minor street
should be checked to make sure that it is not significantly higher than the major street v/c ratio.
In most cases, efforts should be made to ensure that the v/c ratios for the minor street are not
over 1.0. A few minor tweaks in the signal timings can alter the v/c ratios so that no movements
are over 1.0. It is understood that for oversaturated conditions, v/c ratios will be above 1.0 for
both major and minor streets.
= See the Multimodal Design Guide, Section 8.4.5 (Signal Phasing for Managing and Reducing
Conflicts) when pedestrian or bicycles are frequent users.

@ For HCS analyses, see Chapter 6 for signal timing optimization guidance.

For TransModeler analyses, see Chapter 7 for signal timing optimization guidance.

5.8 Calibration/Validation

Calibration is the process of identifying a full set of model inputs and parameters such that the
model’s outputs match measured field data. This is a way of demonstrating that the model is a
reasonably accurate representation of observed conditions.

Validation is the act of proving or corroborating, usually with a second data source or dataset, that
the calibrated model can also provide realistic results under different input data/scenarios. This
ensures a more robust model with realistic internal mechanics, that is less likely to be over-fit to
just one dataset. The purpose of calibration and validation is to build confidence in the model as a
useful predictor of operations that are likely to result from a condition that cannot be observed,
such as after a capital improvement or a change in land use or demand pattern.

Potential pitfalls of poor model development or poor calibration include, but are not limited to:

= Discrepancies between field geometry and traffic control and those modeled

= Unrealistic driving behavior

= Discrepancies between field measured traffic volumes and the amount of traffic served in the
microsimulation model

= Creation of false bottlenecks

= Unreasonable routings of vehicles through the network during dynamic assignment

= Improper accounting of the effects of (and on) non-motorized users
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The measures selected for calibration and their targets for model calibration should be established
based on the purpose and need of the project.

The following list provides outputs/metrics that should be used to compare against field
measurements to determine if a model is properly calibrated:

= Volume throughput

= Speed
= Travel Time
= Queues

For HCS analyses, it is recommended that queue lengths be used to calibrate the analysis
model.

At a minimum, it is suggested that volume throughput and speeds (or travel times) are used
as metrics during TransModeler model calibration.

Based on guidance from other states and FHWA at the time of this manual, suggested calibration
items and their targets are summarized in Table 5-2.

Table 5-2. Calibration and Targets

Calibration Item Calibration Target

Volume Throughput

Within 100 vehicles of field data for more than
85% of movements in model area
Individual movement flows between 700 Within 15% of field data for more than 85% of
and 2,700 veh/hr movements in model area

Individual movement flows > 2,700 veh/hr Within 409 vehicles of f1elq data for more than
85% of movements in model area

. Within 10 mph of field data for more than 85% of
Link Speed :
network links
Within 1 minute of field data for more than 85%
of travel time segments
. . . Within 15% of field data for more than 85% of
Field travel times > 7 minutes

travel time seiments

Queues formed in free flow areas All locations with formed queues are modeled
Queue length Within 20% of field measured queue length

Individual movement flows < 700 veh/hr

Field travel times < 7 minutes
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5.9 Operational Goals of Mainline & Intersections

The operational goals for mainline analyses (Basic Segment, Merge, Diverge, Weave) is to operate
at:

Result \ Operational Goal
LOS D or better
d/c (Demand-to-Capacity ratio) <0.93

The operational goals for intersection analyses (AWSC, TWSC, Roundabout, Signalized) is to operate
at:

Result Operational Goal

Intersection LOS D or better’
Approach LOS E or better
Control LOS E or better
v/c? All movements < 1.0 with < 0.93 preferred.
3 All movements < 1.0 from HCS analysis, otherwise TransModeler may be
QSR L L . .
needed to determine if queuing impacts upstream intersections.

1: A LOS E may be acceptable at locations where a vulnerable road user project on a low-speed
facility is implemented if the Build condition does not have a significant adverse impact on the
safety and operations within the study area; 2: v/c = Volume-to-Capacity ratio; 3: QSR = Queue-
Storage ratio
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Chapter 6. Highway Capacity Software (HCS) and the Highway Capacity Manual
(HCMm)

The Highway Capacity Software, Release 7 (HCS7) is one of several software packages that
implements the analytical methods in the Highway Capacity Manual (HCM), of which the HCM é6th
Edition' is the most current version. The Transportation Research Board (TRB) Committee on
Highway Capacity and Quality of Service (AHB40) oversees the material contained in the HCM. The
Committee does not formally endorse the HCS nor any other software, but the McTrans Center,
developer of the HCS, purports to faithfully replicate the HCM methods within the HCS.

This section of the OATS Manual provides guidance on the development and calibration of HCS files
and their application on ODOT projects as the software implementation of methods in the HCM. It
is not a step-by-step guide on the use of the HCS itself, although certain aspects of the HCS are
highlighted to point out their proper application. This guidance assumes that the analyst is already
familiar with using the HCS, including data entry and generating output reports. Also, it is important
to make the distinction between the HCM, which describes the methods and their applications, and
the HCS that implements them.

Much of the guidance in this document directs the analyst to chapters in Volume 4 (i.e., Chapters
25 and higher) of the HCM 6th Edition. While the printed HCM (Volumes 1, 2, and 3) must be
purchased from TRB, materials in the online Volume 4 (www.hcmvolume4.org) are freely available
and require only a one-time registration.

This guidance also refers to several example files provided by HCS. While the exact location may
vary depending on where the user chooses to install HCS, these files are most commonly installed
on your C drive under Program Files in the HCS7\HCS\Example folder of your HCS install. The
example files included with the HCS are the example problems contained in each chapter of the
HCM.

6.1 HCS Quick Input Guides

The following pages provide a quick overview of the various HCS analysis types and the data
entry required for each one. Items boxed in red are Project Specific Inputs and are unique to
each project. Items boxed in green are Required Analysis Inputs that ODOT has provided
guidance for. References to the appropriate section of this manual have been included for the
Required Analysis Inputs. Analysis types contained in the Quick Input Guides are:

= Freeway Facilities

= Streets (signalized intersections)
= Roundabouts

= All-Way Stop Control

=  Two-Way Stop Control

A detailed discussion of each of these analysis types is included later in this chapter.

! Highway Capacity Manual 6th Edition: A Guide for Multimodal Mobility Analysis, Transportation Research Board,
Washington, D.C., 2016

January 2026 30



https://www.ahb40.com/
https://mctrans.ce.ufl.edu/mct/
http://www.hcmvolume4.org/

ODOT Analysis & Traffic
Simulation Manual

Chapter 6
Highway Capacity Software Analysis

HCS Quick Input Guide
Freeway Facilities
(See Section 6.1.1.1)
General Input Tab
START GENERAL SEGMENTS DETAILS RESULTS REPORT

Project Properties

Analyst RMK Jurisdiction
Agency ODOT Time Period Analyzed AM Peak No-Build
Analysis Year 2040 Date 11/12/2019
Project Description SUM-8 Corridor Study
Facility Global Inputs
Jam Density, pc/mi/in 1900 I Area Type Urban . I
Queue Discharge Capacity Drop, % 7 Demand Factor 1.000

Mixed Flow Model

Select as needed.
Note that the Facility must

Managed Lane O
Systems Analysis w

SQ‘(J”".‘"{S (.l'()bd‘ '"()Ul‘i — be b“]“ tx:"()rt) le“es can

Freeway Lanes 0o 3 Ramp Lanes 0O be entered on this tab.
Freeway FFS. mi/h M 600 Ramp FFS, mi/h O 350

Freeway Terrain Type O Level Ramp Terrain Type 0 Level

Freeway Peak Hour Factor [ o094 Ramp Peak Hour Factor O o0%4

Freeway Total Trucks. % O o000 Ramp Total Trucks, % O oco

Driver Population (| All Familiar Weather Type 0 Non-Severe Weather

I:] - Project Specific Inputs

Select Al [T]
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HCS Quick Input Guide
Freeway Facilities

(See Section 6.2.1.1)
Segments Input Tab

START GENERAL SEGMENTS DETAILS RESULTS REPORT

Segments Input
Time Peciods List

T BTN YT

Start Time

Type Name L Lames Demand vei/h Volume, vetvh Segment Anglyws Detals Events Lt
1 Basc South of WE 1-277 On-tamp 2000 3 5800 7 Dertas
2 Mege WE 1-277 On-ramp 1500 3 5600 t:.-x
3 Sesc South of Waterico On-Ramgp 220 3 Detads
4 Weawng Watedioo On to Wilkrets O 2120 4 633 u $oetmis
§ Basc South of Wilkveth On 2380 3 L & Detads
6 Merge Widreth On-camp 1300 3 Ll i 3 Detady
7 Base South of Archwood On-Ramp 1300 3 ™ Detais
8 Dwerge Archwood On-Fasmp 1500 3 £ €180 {Deads
9 Basc South of 176 OF-Ramp 1250 3 G - e
-+
( Facility
Tyve Sasic Merge Sasic Neaving 2asic recge Sasic Diverge Basic
Lengzh, £ 209 5 N nn 3333 5 1389 1509 1259
Segeent ID 1 P 3 < 7 L3 $
Lanes 3 3 3 4 3 3 3
7/ 7/ 7/ AR
/7~ A\

[ 1 - Required Analysis Inputs
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HCS Quick Input Guide
Freeway Facilities [ - Project Specific Inputs

(See Section 6.2.1.1) Re ;
| | - Required Analysis Inputs
Details Input Tab (Basic Segment)

START GENIRAL SEGMENTS DETAN RESULTS  REPORT

Segment Dats

Segrent 1 Narth of b 26 oorarvps Tirvw Pariod V0040718
Caded Type | Anehwst Type LTSS
[N Olvarge ke eeiing Dlearge  feske
Free-flow speed equal to U ltwe e an ie  aeee
] . ’ . L .
yosted speed « 5 mph
EVX peed ¢ 5 mpi . : - - - - Grades greater than
See Section 4.6 Cunuity ’ ' 5
GSNON, L OCSNO SOETTI S BANE ATISGaNT AN FIOOEREE XSSOSR SR LR — 3% /-3% should be
< \ < 7 TN\S entered
See Section 5.1

Geametoe Daty

Humber of Lanes 4 Tetrmn Type L

Meatired 155 Percars Geane

Rt Sdde Owaancs Nt

Lase Waitn 1t ot Wamp Oenity rempn/'sy on
Minaged Lane

{xvand Oata

Dermand. wehvh a5 1 o rioet Factim an |
Toral Truoes % 200 Single-Unit Tiucks (SUTL %
Tracses Saadars [TT), S Masd farw Model

ATttt Faaia

Orvwr Poguiston A Fandan Spewd Aguatinen Factor 1 0
Westhw Tipe teon Sevete Wealher Capacty Adusmment factr 1.000
modem ype N estent Dwmang Adasssnent |acis 1900
Work Zove 0

Use 0.94 for basic freeway segment

See Section 5.2

Use existing based

on approach
See Section 5.5
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HCS Quick Input Guide ) )
Freeway Facilities [1 - project Specific Inputs

(See Section 6.2.1.1) [:l = Required Analysis |nputs
Details Input Tab (Merge / Diverge Segment)

START GEMERAL SEGMENTS Df RESULTS  REPONT
Cag I» Actomcod Ase uft cave . Tirne Ferea [ 12 2 181
Codet Typw Towrge Acstezee Trpe Banac
® None Te Besiz Siserge fec e Lng Seerge ftax
Freeway length should be 1500 i'-" ‘::-_ T . g fa <l o Free-flow speed equal to
feet unless the adjacent f-' g - - - ~ . . DO(’T‘?” S{de *9 mph
Curaty See Section 4.6
segment is an Overlap s
See Section 6.2.1.1 < \< 7 Y \ <
R N\
(waremic Tata
Mumtw of Lawes 4 farg e
Foapmay L mun 800 Famg 55 e no
Freoway Longn, 1500 T oe gt
[Te——— vt famg Terae Type Ll
Frowaay Grute N lams rede N
Fromasy Goube Lange. = farp Conde Lamgtn me
Hghmey o T O Faduay O Langh of Fout Duuat Lane (110 0
Mar sget Lae Lengih of Sesze Duead Lave AD8 &

Cromy Weavwg e

Dol [ate

Onmrge Dwmansdt senh

Trewany Fesk s Tactes farp Pusn Hos Tacor

Foammay Totsh Tusa % Farmgp Total Trcta &

Frooway Sege Urst Trucks SUTL & Fasg Sngie-Unit Tuces SUT. S

Fraeway Tractor Sadees T N Samg Tacsor Tradery (TTL %

Use 0.94 for freeway.
Use existing PHF with a Minimum of 0.80 for ramp.

Use existing based e & .
If existing ramp PHF is unknown, use 0.94
See Section 5.2

on approach
See Section 5.5
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HCS Quick Input Guide
Freeway Facilities
(See Section 6.2.1.1)
Details Input Tab (Overlap Segment)

START GENIRAL SECMIENTS SESUALTS  RIPORT

Cogme= (lamg
Sagrant b Rt e ey

Tire Peren) oMo.at v
Codet Tene N owiied Tie L
Sogruny ~
o tone T il . e is - ity Poek ~ iy
g, M e e . nm e - L
Free-flow speed equal to e oea 3 N . ' . ’
pasted speed « 5 mph S e ! : - - 2 : : Grades greater than
See Section 4.6 Doty 3% /-3% should be
o 77/ 7 < 7 entered
7N\ 1 See Section 5.1
At ‘alty
Nomtw o Lo ) Teren Tipe e
PRI @ ey g ‘ —‘
ol Lomgth ™
Ve sl o Egtv e Cewave ¥
Lave W, time Romg Twrety et nsr
Mo ami o=
Comad ieta
e [ Peen tos P M 1
Toty St & AR b Uit S 0T N

Toachir Dt (1T %

Mount lew Mode

Use 0.94 for overlap segment

See Section 5.2

Use existing based
on approach
See Section 5.5

: - Project Specific Inputs
[1 - Required Analysis Inputs
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Free-flow speed equal to
posted speed « 5 mph

See Section 4.6

HCS Quick Input Guide

Freeway Facilities

(See Section 6.2.1.1)

Crades greater than

3% /-3% should be

entered

START GIrnrRaL sGaMINTY

Details Input Tab (Weaving Segment) See Section 9.1

™ RrrosT

oy (ot (uty

W g (G g

P o Vera - e

Sorwe Tpe Laww

Pt oate N

wa0e Lamgm =

Mg 18 Lare (rarges

Shart Lesns LWL & un e 8] ow e
' ter e Derwt; w ¢8) Moaemur &8 e (e
Maoagel ww Mgheay o D Muadeny O
Sarmp ODoomgtic Dets
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Use 0.94 for lreeway to freeway.
Use existing PHF with a Minimum of 0,80 for ramps.

: - Project Specific Inputs
["1 - Required Analysis Inputs

If existing ramp PHF is unknown, use 0.94,

See Section 5.2
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HCS Quick Input Guide
Streets
(See Section 6.2.2.1)
Quick Start Table

60 U

Cycle Length. s
Minimum Green. s
Yellow Change. s
| Red Clearance. s
Passage Time. s
Detector Length, ft

120 <€
7 -
40

20 - 5
20 -

Select Template

OK Cancel

- Project Specific Inputs

- Required Analysis Inputs
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Use existing intersection PHF with a HCS Quick Input Guide Use Existing or
Minimum of 0.80. Typical Range:

If existing PHF is unknown, use: Streets 60-120 seconds
0.92 for arterials (See Section 6.2.2.1) See Section 5.7

See Section 5.2 Primary Input Data

Classic Mode  Visual Made
-] PRIMARY INPUT DATA

Enter St "
ST Ry (b Street \us&2 A Crders y
Lengths for all v 3
temechon Man | Pre-Tmed Signal O
movements x . e [
= Descrption [FRA62:11.75, PID 103 :
See Section 6.2.2.1 5 % .
[Fomadtresn 78~ | Ao Tyop Cther - p i =
Urban Area: 1,900 Segment Length # [0250 Rofcarco
Otherwis?: 1,750 - e 052 Referurio Port |8
See Section 5.3 Force Mode Foiod
Traffc
" EBL EBT EBR WBL WBT WER NBL NBT NBR SBL SBT SER "“"Wl -
Use existing based [[Demand_vers T300 170 [[330 [0 [[310 170 [[380 J[660 [[570 [[270 1920 [¢%0 | L (AR
o0 appeoach Lane Wit # 120 fv20 [[v20 120 120 }126 [126 [[120 120 [[v20 [120 [120 | b ol
See Section 5.5 55 100 (2% 105 [0 1% [ [Geen |88 [m7 63 %2 [a6___[68
Sehration, po/h/n [TO00 1| TSR0 || TR0 | TR0 | 12 158 o [Yelow |40 40 40 40 00 00
2 o2 2 m o Red |20 70 20 20 00 00
Grade Should be Fibey Vehica, @ 2 p2 W | Red 120 20 20,120 ¢ oc
; é ., 0
considered when it Sce. n T
7y ,perh |
exceeds 3% for more Bmey , L EBL EBT WL WET NGL NBT SBL SeT
than 0.5 mil Pading. pech 0 N=0 0 fesoredPhase  (3)  (8) (7)) (&) (1) &) (5) (2}
.5 mi r—1
Sanse e 5915 Bcycles.perh 0 Macrmum Green. 8 15,3 Ti63 1302 [15¢ 341 |54 (341
ee caon J. | Pedestnars, pech 0 Yelow Change.s (40 | |l40 40 40 |l40 \:40
fuiid Tie 3_ES s FedCesance.s (20 |20 |20 120 J20 120 J20 20 |
ODOT Default Upatream Fitesing (1) w68 |10 || bwe 100 [ ine (100 || ksE |10 | | mamamGreens 5 1o 15 o 1 e

Arrival Type: 3 intial Gueus, veh o o Jo o Jo o Jo Jo Jo Jo o o | Tie & LIw T Lim W L% &

88 Jechoneid-L) [ETTITED [ = - S T ] Femsetoes [0 oo J50_J5e oo J3o oo [50 ]

Detectar, o Jo Jlo Jeo J& oo J& o jeo f0 0 [0 | [Rcame  on v of - of - o - of - mo o - nc]
ODOT Default RTOR. veh'h 10 0 | o | 0 | dEw Oa B Ow 8w On G~ O= B
-
RTOR: 0 Unsgnalzed Movemert Ll J ‘ D Dallas/FYA Phasing Clew Jws Seutaneous Gap [ Ew [ us

See Section 5.4 ' Ursgnalzed Delay 00 00 Of 00 Q0 0o

Refer to
Quick Start Table or
See Section 5.7

[ - Project Spedific Inputs
[1 - Required Analysis Inputs
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[1 - project Specific Inputs
[1 - Required Analysis Inputs

ODOT Requires
95' percentile
queues

HCS Quick Input Guide
Streets
(See Section 6.2.2.1)
Detailed Input Data

£ DETAILED INPUT DATA
General rtemection
Anchyst GH } EBL_EBT EBR WBL WHT WER NBL NOT N8R SBL SST S8R
Lanes DI 0 o 2 &1 I 210 ]
Agncy/Ca {000 | Swed e 8] 0o D g O =] ]
Dats |Toe. Jorway 21,2020 13+ || JPorcert Tums i Shared Lane 0 ¢ 0 0 0 0 0 D elp—
Tive Pesod  |AM Buid || Percert Uncoposed Lett Tums 0 0 0 0
Anatyss Your (2040 ] [Hoavest Lare Voume. vehh P B P N P R PP K A
F— | Statp Lot Time, s 20 j20 20 F20 j20 [l20 j20 j2o fl20 f20 [20 [[20
Jrsdcten | Detrict 6 | R LU LS e (vt b e e
| Edensonel BactveGeens (20 20 [20 F20 F20 |20 J20 f20 20 f20 |20 |20
Dt S Wb bterval o oo | T a0 | oo |
Gerwral Pedestran Oear rterval » |00 iﬁ Bﬁ [3(!7—1
s | T 3 3|
Number of Cacutaten Reations (¥ | Receivng Lanes L 2| 2| @_|
s Gm ] TumRedat M2] e fn2] f[2 jw] @ jm] 2 ]
y = © Werk Zone Actve O O 0 O
Stowed Vehicla Lane Langth. & (B0 | Leh/Tr Lanes Open 2 2 4 3
170 ] Feoroach Wicth, # d0 ) no %0
U dOmmene ' Bus Bockage Time. s [yaa | [1a4 [1a4 [1aa | Lane Utilization
- : . b : - Remn | ane atic
Sioned Haavy Vehicle Length, f 45 | Pading Mansuver Tine. s [12 s T8 e T {18 [ [ | SaTBr Ao
i k: 5 2ANE 9 v o O
" %5 - ] Opposing Fight-Tum Lane biuerce [ 0 ] ’ v
P = U SO — TS — S N .
Raa : Fkd Proposion Amvwng on Green (0,14 1026 1028 Jfo14 035 (625 Jo13 Jos Jfoas Jora o ozs | [RARRRIGIAS 'V"i"’”'-‘
Accelersion Rase, R/22 3o | See Section 5.6
o] MName
Stop Threshold Soeed, m/h 5o |
: Fad Fev
Pedestrans Pusting Bution. orop 955 | Upsteam viacth & Exchamve Pedestran Phase Tme.s 3
090 Restactve Medan, ft -
Speed Limt 1o Base FFS Rato o
- Rott-Hand Cu. % Decelenanon Rate. 192 [200
Snaakers per Cycle, veh BO ] Agetand Access Pucss o
- " o 150 14d-Segment Delay. »/veh Crtcal Headway ipermitied left sum), & :5
: Fiekd Travel Soeed, mich
Pistoon Masmum Headway. o/veh 5 Feld Free Fiom Soeed, mh Folow-Lip Headway bemtted e tum). 8 [35 |
Platoon Deoasion Fackor ) 138 On-Street Parking. %
ey ‘ o+ Speed Calbeation Factor, mih
Demand Growth, % . g =
Access Pont Accens Ports
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HCS Quick Input Guide
Roundabouts
(See Section 6.2.2.3)
General Input Tab

START GENERAL GEOMETRY TRAFFIC REPORT Intersection: JERUSEEREST

Project Properties
Analyst GLH urnsdiction District 6
Agency oDoT nalysis Year 2040
Date 1/21/2020 Project Description DEL-36-27.12
Time Analyzed AM Build Units US Customary

Intersection Data

Intersection US-36/Main Analysis Time Period 025 |hours
East/West Street Name US-36 F‘eak Mour Factor 092 ]
North/South Street Name Main

Use existing intersection PHF with a

Minimum of 0.80.

: - Project Specific Inputs If existing PHF is unknown, use:
) ) 0.92 for arterials
[ - Required Analysis Inputs See Section 5.2
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HCS Quick Input Guide
Roundabouts
) _ (See Section 6.2.2.3)
l:] - Project Specific Inputs Geometry Input Tab

START GENERAL GEOMETRY TRAFFIC REPORT

TEREY LS

Eastbound Westbound Northbound Southbound
Conflicting Lanes on Entry 1 1 2 2
Conflicting Lanes on Bypass Ext 2
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Use existing based

on approach
See Section 5.5

HCS Quick Input Guide
Roundabouts
(See Section 6.2.2.3)
Traffic Input Tab

START GENERAL GEOMETRY Intersection:
Vehicle Volumes and Adjustments
EastBound WestBound NorthBound SouthBound
Utun  Left Thru Right Utumn  Left Thru  Right Utun  Left Thru  Right Uturn  Left Thru  Right
| Volume (venm) 0 140 860 150 0 150 820 150 0 10 2800 280 0 50 330 40 | |
[[Percent Feavy Vehicies %) &——— 0 B B B 0 + B + 0 3 3 3 0 3 3 3 |
: Passenger Car Equivalent 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20
]m of Entry Vehicles Using Left Lane (%) 47 <« - 47 |
1 ’ n ) 0 0 0 0 |
Left Right Bypass Left Right Bypass Left Right Bypass Left Raght Bypass
Critical Headway (1) 45436 45436 45436 45436 43276 43276 43276
Follow-Up Headway (3) 2.5352 25352 25352 25352 25352 2.5352 25352
Lane Utilization

[ - project Specific Inputs
[ "1 - Required Analysis Inputs

based on video or

field observations

-

See Section 5.6
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HCS Quick Input Guide

All-Way Stop-Control Intersection

(See Section 6.2.2.2)
General Input Tab

START GENERAL LANES REPORT

[ - Project Specific Inputs
[ 1 - Required Analysis Inputs

Project Properties
Analyst GLH urisdiction District 6
Agency QDOT alysis Year 2040
Date 1/16/2020 Project Description FRA-3-12.34 PID 12345
Time Analyzed AM No-Build Units US Customary

Intersection Data
Intersection Main & High Analysis Time Period 025 hours
East/West Street Name Main [Peak Hour Factor 0.92 I
North/South Street Name High

Use existing intersection PHF with a

Minimum of 0.80.

If existing PHF is unknown, use:
0.92 for arterials
See Section 5.2
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HCS Quick Input Guide
All-Way Stop-Control Intersection
(See Section 6.2.2.2)

Lanes Input Tab

START GENERAL LANES REPORT

: - Project Specific Inputs

[ ] - Required Analysis Inputs

Use existing based

Lanes

JA LA kL

JA4lA4ARL

R

on approach
See Section 5.5 (
Lane Utilization
based on video or -l ""'Yt r r
field observations Vehicle Volume and Adjustments
See Section 5.6
Eastbound Westbound Northbound Southbound
Lsft Thru  Right Left Thru  Right Left Thru  Right Left Thru  Right
| Volume (vph) 60 270 190 70 210 |10 20 120 30 30 190 30 |
L] Percent Thrus Using Shared Lane (%) |
Lane1 Lane2 Llane3 lane ! Lane2 Lane3 Lane 1 Lane2 Lane3 Lane1 Lane2 Lane3
—0{ Percent Heavy Vehidles (W) 2 3 3 2 l
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HCS Quick Input Guide

Two-Way Stop Control Intersection

(See Section 6.2.2.2)
General Input Tab

START GENERAL LANES TRAFFIC HEADWAY ADJUSTMENT REPORT

:] - Project Specific Inputs
[ ] - Required Analysis Inputs

Project Properties
Analyst GLH urisdiction District 6
Agency 0DOT nalysis Year 2040
Date 1/16/2020 Project Description FRA-16-19.80. PID 101234
Time Analyzed AM No-Build Units U.S. Customary
Intersection Data
Intersection Main Analysis Time Period 025 hours
Major Street Direction East-West Peak Hour Factor 4 092
East/West Street Name High North/South Street Name Main
Major Street Median Type Undivided « | [Major Street Median Storage
RCUT Alternative Intersection Intersection Type
MUT/RCUT Crossover Intersection

Use existing intersection PHF with a
Minimum of 0.80,

If existing PHF is unknown, use:
0.92 for arterials
See Section 5.2
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HCS Quick Input Guide
Two-Way Stop Control Intersection
(See Section 6.2.2.2)

Lanes Input Tab

START GENERAL LANES TRAFFIC HEADWAY ADJUSTMENT REPORT

Lanes

JAdAd kL

[ 1 - Project Specific Inputs
[ 1 - Required Analysis Inputs

Grade should be
" considered whenever it
‘ exceeds 3% for more
than 0.5 miles

JA4 | AARLU
ol 0 O S T 0

See Section 5.1

“Mjor?;:e‘erfl,t-\s;slr
_ Eastbound Westbound Northbound Southbound
| Percent Grade (%) 0 0 |
Right Turn Channelized Yes Yes Yes Yes
Flared Minor-Street Approach Yes Yes [7] Yes [] Yes

Flared Minor-Street Storage (veh)
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HCS Quick Input Guide
Two-Way Stop Control Intersection
(See Section 6.2.2.2)
Traffic Input Tab

TRAFFIC HEADWAY ADJUSTMENT REPORT

Use existing based

on approach

Vehicle Volume and Adjustments

Eastbound Westbound Northbound Southbound

See Section 5.3 UTurn Left Thru Right UTurn Left Thru Right UTurn Left Thru Right UTum Left Thru Right

Priority Ly 1 2 3 a 4 5 6 7 8 9 10 11 12
Volume (vph) 50 350 |60 70 330 80 20 80 70 20 60 40

| Percent Heavy Vehicles (%) <= 2 2 3 3 3 5 il |
Short Left-Turn Pocket W Yes V| Yes Yes Yes
Left-Turn Storage 2 2
Saturation Flow Rate (vph) 1800 | 1500 1800 | 1500

| Percent Thrus Using Shared Lane (%) <€— ]

[:] - Project Specific Inputs
E - Required Analysis Inputs

Lane Utilization
based on video or

field observations
See Section 5.6
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HCS Quick Input Guide
Two-Way Stop Control Intersection
(See Section 6.2.2.2)
Headway Input Tab

START GENERAL LANES TRAFFIC HEADWAY ADJUSTMENT REPORT

Critical Headway And Follow-Up Headway

Eastbound Westbound Northbound Southbound

UTurn Left Thru Right UTurn Left Thru Right UTurn Left Thru Right UTurn Left Thru Right

Base Critical Headway (sec) 4.1 4.1 7.1 &5 62 7.1 &5 62
Stage One Base Critical Headway (sec)

Stage Two Base Critical Headway (sec)

Cnitical Headway (sec) 412 412 713 653 623 7143 653 623
Stage One Critical Headway (sec)

Stage Two Critical Headway (sec)

Base Follow-Up Headway (sec) 2.2 2.2 35 40 33 35 40 33

Follow-Up Headway (sec) 2.22 2.22 353 403 333 353 403 333

[ - Required Analysis Inputs Use HCS default

values for all
Headway Inputs
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6.2 HCS Applications

HCS applications fall under two basic types: Uninterrupted Flow and Interrupted Flow. Volume 2 of
the HCM 6th Edition defines the methods for Uninterrupted Flow applications, while Volume 3
defines Interrupted Flow applications. Interrupted Flow applications are shown on the left-hand side
of the HCS module selection menu (Figure 6-1) and include:

= STREETS - Signalized Intersections, Ramp Terminals and Alternative Intersections, and
Urban Street Segments and Facilities

= STOP - All-way stop control (AWSC) and two-way stop control (TWSC) intersections

= ROUNDABOUTS - Roundabouts

Uninterrupted Flow applications are shown on the right-hand side and include:

= FREEWAYS - Freeway Facilities
= HIGHWAYS - Multilane Highways, Two-Lane Highways

McTrans
;J LI: STREETS FrReeways

T HRS e

\ j RounpABoOUTS TooLs x

UF[FLORIDA

Figure 6-1. Highway Capacity Software (HCS) Opening Window (source: McTrans)

Additional tools are included with the HCS, including a traffic signal warrant analysis tool and a
software implementation of predictive methods in the Highway Safety Manual, but these are not
addressed in this guidance.

As a general note, the HCS Help function includes a searchable index, User’s Guide, and online video
tutorials. Help related to a particular input can be obtained by pressing the F1 key after placing the
cursor in that field.
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6.2.1 Uninterrupted Flow Applications

Uninterrupted Flow applications in the HCS include Freeway Facilities, Multilane Highways and Two-
Lane Highways. With respect to Freeways, prior to the 2010 Edition of the HCM (and HCS 2010),
freeway elements were evaluated individually for Basic Freeway Segments, Merge and Diverge
Segments, and Weaving Segments. These methods were applied in isolation; that is, the effects of
a bottleneck and resulting spillback on one segment were not accounted for in the evaluation of
adjacent segments, either upstream or downstream. Beginning with the HCM 2010 and later
enhanced in the HCM 6th Edition, the Freeway Facilities method combines these isolated segment
analyses and accounts for the effects of congestion-related spillback over space and time. The
current method therefore facilitates the evaluation of a freeway as an inter-related system of
elements.

6.2.1.1 Freeways

The Freeways module in the HCS implements the Freeway Facilities method as documented in
Chapters 10 and 25 of the HCM 6th Edition. This module also includes analysis options for individual
freeway elements - basic segments, merge segments, diverge segments, and weaving segments,
along with Freeway Facility options for individual segments and for planning. In the context of this
guidance, only the full Freeway Facility analysis option is discussed.

NG Hermen

Freeways

Stort
e Fle
Ooen Flie

Recent
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Figure 6-2. HCS Freeways Analysis Selection Menu (source: McTrans)

When conducting a Freeways analysis, the Freeway Facilities method should always be
performed in lieu of an analysis of individual freeway elements (i.e. basic freeway segments,
merge and diverge segments, weaving segments, and overlap segments).

Analysis of individual segments may fail to capture potential bottleneck impacts at one segment on
adjacent upstream and downstream segments. The Freeway Facilities method computes
performance measures for each of the individual segments within a study section, includes the inter-
segment impacts of traffic congestion on all affected segments, and provides overall performance
measures for the entire study section. As stated in the HCM, the methodology is consistent with
individual segment methodologies if all demand volume-to-capacity (v4/c) ratios are less than 1.00
and it properly accounts for the interaction of segments when any vy/c ratio is greater than 1.00.?

It is helpful to provide clarification about weaving segments, merge and diverge segments, and
overlap segments. See Figure 6-3 below, which is Exhibit 10-1 from the HCM 6th Edition. Freeway
merge and diverge segments occur primarily at entrance ramp and exit ramp junctions with the
freeway mainline (footnote). Operating conditions on ramps can affect operations on ramps and
ramp junctions, and vice versa. The HCM methodology therefore establishes a defined influence
area of 1,500 feet - upstream of the junction with an off-ramp and downstream of the junction with
on-ramp - where interactions with mainline traffic are affected. The junction is defined as the nose
of the painted gore area, these influence areas by definition are limited to mainline Lanes 1 and 2;
that is, the two mainline lanes closest to the ramp. For mainline cross-sections containing more
than two lanes in on direction, it is assumed the merge and diverge operations do not influence the
traffic flow beyond the two closest lanes.

See the following examples in Appendix F on how to determine various inputs for mainline segments:

o Example 6.2.1.1A - Merge Segment e Example 6.2.1.1F - Other Facilities

e Example 6.2.1.1B - Diverge Segment Scenarios

e Example 6.2.1.1C - Weaving Segment e Example 6.2.1.1G - Facilities example
e Example 6.2.1.1D - Overlap Segment e Example 6.2.1.1H - Facilities:

e Example 6.2.1.1E - Basic Segment Additional Guidance

e Example 6.2.1.11 - Other Analyses

When HCS Facilities is used, the analyst is required to measure the various lengths (i.e. Freeway
Length, Accel/Decel Length, Weave Short Length) in Google Earth and submit the .kmz file, see
Examples 6.2.1.1A-H for additional guidance. Lengths (i.e., Freeway Length for any segment,
accel/decel length, and weave short length) need to be measured as accurately as possible, but
should be rounded to the nearest increment of 5 feet. When reviewed by ODOT, lengths will be
acceptable if within the tolerance shown in the table below.

If Length is.. Measurement needs to be within..
<500 feet 50 feet
>500 feet 100 feet

2 HCM 6th Edition, p. 10-19
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1,500 ft

=

1,500 ft

(a) Merge Influence Area (b) Diverge Influence Area

|- >
- Base Length, L, -
500 ft 500 f

(¢) Weaving Influence Area

Figure 6-3. Influence Areas of Merge, Diverge and Weaving Segments (source: HCM 6th Edition,
Ex. 10-1)

Basic Segment - HCS Facilities analyses need to comply with the following:

= Begin and end with a Basic Segment
= Measure and enter the Begin/End Basic segment length (i.e do not leave the default value
of 5,280 feet.)

Weaving Segment - As described in the HCM, weaving segments are formed when merge
segments are followed closely by diverge segments such that there is insufficient distance between
the merge and diverge segments for them to operate independently. The HCM provides further
definition that a one-sided weaving section must include a continuous auxiliary lane connecting an
on-ramp to an off-ramp. The influence area of a weaving segment is 500 feet both upstream of the
on-ramp and downstream of the off-ramp. In these influence areas, through traffic on the mainline
is more likely to move to the outside lanes and avoid entering and exiting traffic through the weaving
section.
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Overlap Segment - An overlap area occurs when there is no auxiliary lane between an on ramp
and off ramp, but they are closely spaced, less than 3,000 feet (1,500 feet for the on ramp and
1,500 feet for the off ramp) so that the influence areas overlap. This is illustrated in

Figure 6-4 below, which is the diagram of the oversaturated Freeway Facilities example
(Facilities2_Oversaturated.xuf) included with the HCS. The merge segment (Segment 8) is so close

R —— ===
Type Basic Merge Basic Diverge Basic 1 Weaving Hpsic Berge ||:|'\-'!l"']ﬂﬂ h1'ﬂ¢l'E¢ Basic
Lemgth, ft 5288 1588 268 1589 5188 2644 E 1148 Ii’ﬁﬂ 148 5288
Segment 1D 1 2 3 4 5 ! & '-'l ] ] pe 11
Lames 3 L] 3 3 A 1 < 4 3 i I 3
| T
B -.-i LI T ;j- L LT LT T T Y T-. [P P ————
--------------------------------------- I mm=ima ity -.-..-.--.-...-..-.--.-..--.r.-..- -..-..-.-I.-.-..-..-..--..-...--..-..-.- N
i SN VL, N rrd g—— A

v
N u
Auxiliary Lane | Overlap Segment

to the diverge segment (Segment 10) such that the influence areas overlap (Segment 9) by 360 feet.

Figure 6-4. Freeway Facilities Example File Showing Weaving, Merge, Diverge and Overlap
Segments (source: McTrans)

Global input parameters are identified and entered in the General window

Figure 6-5). These default parameters can be applied to all study segments (using checkboxes) but
also can be overridden for individual segments.
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B9 Facilties | Undersaturated sul - HCST Fraswarys - u] b
= START GENERAL SEGMENTS DETAILS RESULTS REPORT 0
1"

Analys: Mnsdiction

Agency Time Penod Analyzed

Analysis Year 207 Date a720M7

Progoct Description Chapter 25: Example Problem 1

Facility Globat

lam Densaty, pc/main 1500 Area Type Urban

Queue Dizcharge Capacty Drop. % 7 Demand Factar 1.000

Maraged Lane [_] Mixed Flow Model

@ Systems Analysis O @

Back ements Global Input Next

Freeway Lanes 0 Haenp Lanes 0 1

Freeway FFS. mi/h O 754 Ramp FES. mh 0 50

Fresyay Terrsm Type (. Lovel Ramp Terrain Type (. Lovel

Freewsy Peak Hour Facto [ o034 Ramp PFask Hour Factor O o=

Freewsy Total Trudks % O 0.00 Ramp Total Trucks, % ] 225

Driver Fopulston [¥] A Famidiar Westher Type [4 | Noa-Savere Weather

Copyrght © 2019 Unreerwty of Fands, Al Rights Reserved HES™ Frewways Versiom 785 RS0

Figure 6-5. HCS Freeway Facilities General Input Window (source: McTrans)

The example file (Facilities1-Undersaturated.xuf) illustrates a freeway study section consisting of
eleven individual segments that include basic segments, merge and diverge segments, an overlap
segment, and a weaving segment. The Segments window (Figure 6-6) includes a schematic diagram
of the study section. The input window for the first segment is subdivided into parts for Segment
Data, Geometric Data, Demand Data, and Adjustment Factors (Figure 6-7). In the Segment Data
frame, a color-coded theme can be employed to visualize segment-specific performance measures—
flow (volume), speed, density and Level of Service. Regarding specific input values, the analysis
should consult the HCM 6th Edition, Chapter 10/Freeway Facilities Methodology, for guidance.
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[ B8 Facitios!. Undersaturstod st - HCST Famems — i %
= START GENERAL SEGMENTS DETAILS RESULYTS REPORT o

Ssaments Input
Time Peracs Lt Sart Time 0720
v -

Tipe Name Length, Lanss Demand vei't  Voluse veivh Seqment Acadysis Detsis  Events Lt
1 Haic 200 3 4505 450r Decs
2 Mege | 1500 3 a5 g Deta
3 e 2280 3 Dea
4 Dierge | 150 3 3 43 Detads
5 Bask | 5280 3 4 Dte
6 Wearing | 27640 Ja : e
T Bmic | 280 3 20
8 Merge | 1140 3 3¢ 2 Deta
g Overlap | 80 3 Deta
@ 10 Dwerge | 1140 3 ! Detais @
Back | |11 Basic | 5240 |2 04 ' Dt 1 Next
r Facility
Type 2asic Merge Basic Diverge Sasic bexring Basic Merge Overlap Diverge Basic
Lengtn, ¢t 3289 1508 158 1568 5289 1643 s188 1140 %8 1148 s288
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Figure 6-6. HCS Freeway Facilities Segments Input Window (source: McTrans)
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Figure 6-7. HCS Freeway Facilities Segment Data Window (source: McTrans)

The analyst should be aware that all Freeway methods are directional analysis methods; that is,
each direction of travel is evaluated independently. Additionally, HCS files are created for separate
directions of travel. Further, the freeway methods do not address interactions between freeway
operations and operations at the ramp terminals; if queues spill back onto the freeway or are at risk
of doing so in future years, then simulation should be used.

Freeways performance measures and reporting/output are discussed in subsequent sections of this
manual.

6.2.1.2 Multilane Highways

Multilane highway segments are similar to basic freeway segments. They generally have four to six
lanes (in both directions) with posted speed limits between 40 mph and 55 mph, although speed
limits may be as high as 60 or 65 mph for some facilities. They may be undivided, divided with a
physical median, or may have a center two-way left-turn lane (TWLTL). Their analysis method is
very similar to that for Basic Freeway segments.
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A multilane highway segment HCS analysis is essentially the same as a basic freeway segment
analysis, with some subtle differences related to factors that affect travel speed (e.g., lane width,
lateral clearance, median type, and access point density). The most significant difference is that
one HCS file is created for a bi-directional analysis. Inputs (see example file
FiveLaneHighwayTWLTL.xuf) are entered in the Multilane window, which is subdivided into Project
Properties, Geometric Data, Demand Data, Adjustment Factors, and Bicycle LOS (Figure 6-8). The
methodology is multimodal in that it includes an evaluation of bicycle quality/level of service based
on geometric, operational, and demand conditions.
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Figure 6-8. HCS Multilane Highway Input Window (source: McTrans)

Although multilane highway corridors may include one or more signalized intersections, the
individual segments are evaluated and reported independently, as are the signalized intersections.
As discussed in the HCM, the influence area of traffic signals on multilane highways is typically about
one mile, which means that uninterrupted flow may exist if traffic signals are spaced two miles or
more apart. The analyst should consult the HCM for further guidance regarding the segmentation
of multilane highways when traffic signals are located along the route.

3 HCM 6 Edition, p. 12-4

January 2026



ODOT Analysis & Traffic Chapter 6
Simulation Manual Highway Capacity Software Analysis

Multilane highways performance measures and reporting/output are discussed in subsequent
sections of this manual.

6.2.1.3 Two-Lane Highways

A new Two-Lane Highways method and chapter was approved by the Highway Capacity and Quality
of Service Committee (HCQSC) and adopted for inclusion in the HCM 6th Edition. The method was
developed as part of NCHRP Project 17-65, Improved Analysis of Two-Lane Highway Capacity and
Operational Performance. At the writing of this manual, the new Chapter 15 to the HCM has not
been published and distributed to registered users of the 6th Edition, but the new method has been
incorporated into the HCS (Version 7.8.5) on the basis that it has been approved and adopted by the
HCQSC. The previous method, currently described in the HCM 6th Edition, is included with HCS7 as
well, but as a stand-alone executable file (TwoLane.exe) that resides in the folder ‘\2016 TwolLane.’

The new two-lane highway method is a directional analysis and separate HCS files are created for
each direction. A two-lane highway is divided into segments and breaks between segments are
defined by any change in specific characteristics (e.g., ability to pass, geometry, grade, lane and
shoulder width, speed limit). Segmentation may be different for each direction because passing
zones and other characteristics begin and end in different locations. Thus, the analyst must exercise
care when defining highway segments. The results of each segment analysis are then combined to
form a facility-level analysis.

Segment characteristics are entered in the Segments window. The example shown in Figure 6-9
(TwoLane3-FacilityAnalysisLevelTerrain.xuf) depicts a two-lane highway in five segments, one of
which includes a passing lane and another a passing zone.
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Figure 6-9. HCS Two-Lane Segments Window (source: McTrans)

Details of each two-lane highway segment are specified on the Details window as shown in Figure
6-10. In this example, Segment 2, which contains a passing lane, is highlighted, and the
corresponding characteristics are shown in the Geometric Data frame. As with the Freeways module,
a color-coded theme can be employed to visualize segment-specific performance measures.
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Figure 6-10. HCS Two-Lane Highways Details Window (source: McTrans)

Two-lane highways performance measures and reporting/output are discussed in Section 6.4.

6.2.2 Interrupted Flow Applications

Interrupted Flow applications involve Signalized Intersections, Urban Street Segments and Facilities,
Stop-controlled Intersections (All-Way Stop Control and Two-Way Stop-Control), Roundabouts, and
Ramp Terminals and Alternative Intersections. The HCS Streets module contains Signalized
Intersections, Urban Street Segments and Facilities, Ramp Terminals, and Alternative Intersections.
Any of these analyses can be performed within the Streets module.

The HCM Interrupted Flow methodologies separate an urban roadway into individual elements that
are physically adjacent and operate as a single entity.* Two elements are commonly found: points
and links. A point represents the boundary between two links and is represented by an intersection
or ramp terminal. A link is a length of roadway between two points. An urban segment, therefore,
is represented by a link and its two boundary points. An urban street facility as defined in the HCM
is a length of roadway composed of contiguous urban street segments and is typically functionally
classified as either an urban arterial or urban collector street.®

An urban street segment may include one or more mid-block access points where traffic volumes
enter and/or leave the urban street segment. Mid-block access points are two-way stop-controlled
intersections with no control on the major street and stop-control on the minor street approach(es).
Within the Urban Streets method, only major street through vehicle delay is computed at mid-block

*HCM 6th Edition, p. 18-5
> HCM 6th Edition, p. 16-6
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access points; no performance measures are computed for the minor, stop-controlled approaches.
To fully evaluate a mid-block access point, the TWSC method should be applied.

Within the HCS Streets module, either a single signalized intersection or multiple signals along an
urban street corridor can be evaluated. When an urban street facility is involved, the HCS evaluates
the individual urban street segments and then aggregates those into an urban street facility analysis.

The Streets module also is used to evaluate interchange ramp terminals and alternative
intersections, either in isolation or as part of an urban street facility. Various interchange and
alternative intersection types include:

= Diamond

= Partial Cloverleaf (PARCLO)

= Single Point Urban Interchange (SPUI)
= Diverging Diamond Interchange (DDI)®
= Displaced Left Turn (DLT)

= Restricted Crossing U-Turn (RCUT)

= Median U-Turn (MUT)

Further descriptions and schematic diagrams of these interchange and intersection types are
presented in Chapter 23 of the HCM 6th Edition.”

For more guidance, see the FHWA Informational Guides on DDI, DLT, MUT, and RCUT

See Appendix F, for the following turn lane length calculations examples:

e Example 6.2.2 (3-Lane Approach) - #1 (L-L-TR)
e Example 6.2.2 (3-Lane Approach) - #2 (L-T-TR)
e Example 6.2.2 (3-Lane Approach) - #3 (L-T-T)

e Example 6.2.2 (3-Lane Approach) - #4 (L-LT-R)
e Example 6.2.2 (4-Lane Approach) - #1 (L-L-T-T)
e Example 6.2.2 (4-Lane Approach) - #2 (L-T-T-R)

6.2.2.1 Signalized Intersections and Urban Streets

Signalized Intersections, Urban Street Segments, and Urban Street Facilities all are evaluated within
HCS from the Streets module. When a new file is created, the analyst may choose either the Classic
mode - with all of the required inputs presented in tabular style interface - or the Visual mode. The
Visual mode presents a grid where the user may draw nodes (intersections) and the links connecting
them. When the user selects a link or node and then right clicks, a series of dialog boxes appear
that mimic sections of the Classic mode interface. In these dialog boxes the data can be entered
and edited.

Choosing New from the toolbar will present a Quick Start dialog box, in which the analyst can specify
the number of intersections to be evaluated, along with other global input parameters (Figure
6-11). For an isolated intersection analysis, a 1 is entered in the Number of Intersections box. For

6 Also referred to as a Double Crossover Diamond (DCD)
7 HCM 6th Edition, pp. 23-4, 23-5
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an urban street segment or facility, the total number of signalized intersections is entered in this
box, where each intersection pair is connected by an urban street segment.

Cuick Start

Default Selections

Mumber of Intersections f = Cycle Length, s 120
Forward Direction EB Minimum Green, s B
Mumber of Perods 1 = Yellow Change, s 40
Analysiz Duration, h 0.250 Red Clearance, = 0.0
Base Saturation Flow, pcphpl (1500 Passage Time, 5 20
Speed Limit, mi/h 35 Detector Length, ft 40

LUnits {® US Customary

Template Help 9 Select Template

Cancel

Figure 6-11. HCS Streets Module Quick Start Dialog Box (source: McTrans)

The Forward Direction is assigned to the direction of major street through movement that
corresponds to NEMA Movement 2 (where NEMA Movement 6 represents the opposite direction
through movement for the major street).

The HCS defaults to a single-period analysis (Number of Periods = 1) and an Analysis Duration of 0.25
hours (15 minutes). This then employs use of the Peak Hour Factor (PHF) to adjust the total 60-
minute demand volume to an equivalent hourly volume for the peak 15-minute period.

In Classic Mode, the input window is divided into three main sections: Primary Input Data, Detailed
Input Data, and Multimodal Input Data. These areas can be collapsed or expanded as needed. The
Primary Input Data window is divided into five sections: General, Traffic, Phasing, Phase Duration
and Timing. Basic data needed for the analysis are entered in these sections.

Primary Input Data - Traffic section

In the Traffic section, a Storage Length must be entered for all left-turn, thru, and right-turn
movements. Storage length represents the area in which queued vehicles can be stored and is
needed to calculate the queue-storage ratio (QSR). Storage lengths are measured along the lane
lines and are based on a per lane basis. Below is information on how to determine the storage
lengths. See Appendix F, Example 6.2.2.1A which shows the location of the Storage Length in the
Streets module and Example 6.2.2.1B for a variety of scenarios on how to determine storage lengths.
When HCS Streets is used, the analyst is required to measure the storage lengths in Google Earth
and submit the .kmz file. See Example 6.2.2.1B for additional guidance.

= For exclusive single left-turn and right turn lanes measure the full-width lane from the stop
bar to beginning of taper (i.e. exclude the taper).
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= For exclusive multiple left-turn and right turn lanes measure the full-width lane from the
stop bar to beginning of taper (i.e. exclude the taper) for each lane. Add the total length
and divide by the number of lanes.

= For lanes that include a thru movement measure from the stop bar to the upstream radius
return of the public roadway.

= For lanes that include a thru movement and where a lane that includes a thru lane is added
or removed between intersections measure from the stop bar to the upstream radius return
of the public roadway for each lane. Add the total length and divide by the number of lanes.

In the Traffic section, saturation flow is a key input parameter. It is applied globally through the
Quick Start dialog box but can also be specified locally to each lane group, where the global default
can be overridden. Saturation Flow (along with Lane Width, Heavy Vehicles and Detector Length)
can be adjusted globally after a new project has been started using CTRL + UP/DOWN arrows, which
increases or decreases the input values uniformly for all lane groups. As defined in the HCM, base
saturation flow rate is the equivalent hourly flow rate at which vehicles discharging from a queued
state can traverse an intersection approach stop line if the signal was green 100 percent of the time
and if no lost time was experienced.® The base saturation flow rate can be thought of as an ideal
flow rate with exceptionally favorable geometric and traffic conditions. The adjusted saturation
flow rate represents the saturation flow rate for prevailing conditions (e.g., accounting for grades,
trucks, etc.). Thus, the corresponding saturation flow adjustment factors based on prevailing
geometric and traffic conditions typically result in the adjusted saturation flow rate being smaller
than the base saturation flow rate.

In general, one representative base saturation flow rate should be used for all lane groups.
However, HCS allows the user to apply a different base saturation flow rate to any particular
lane group where calibration difficulties are encountered due to other factors that are not easily
quantified. Unless the analyst has a specific reason to use a different base saturation flow rate
for one of the lane groups (in which case the justification for doing so shall be documented),

8 HCM 6th Edition, p. 19-12
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Figure 6-12 shows the location of the base saturation flow rate in the Streets module.

@ Default saturation flow rates to be used are shown in Table 5-1.
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Figure 6-12. Base Saturation Flow Rate by Lane Group in HCS Streets (source: McTrans)

Other inputs in the Traffic section that may have a significant effect on the outcome and of which
the analyst should be acutely aware include Arrival Type, Upstream Filtering Adjustment Factor
(“1” Factor), Initial Queue, and Right-Turn-On-Red (RTOR) volume.

The Arrival Type is a factor applied to the Platoon Ratio to describe the quality of signal progression
for a corresponding movement group; ultimately the Platoon Ratio is used in the computation of
the uniform delay (dy) component of control delay (d) for each lane group. An Arrival Type 3
correlates to a Platoon Ratio of 1.00, where the Platoon Ratio is defined to be demand flow rate
during a green cycle phase divided by the average demand flow rate during the whole analysis
period. In other words, Arrival Type 3 has no effect, positive or negative, on the quality of signal
progression. Arrival Type is used for isolated intersections only as the method produces an estimate
for the Platoon Ratio.

An Arrival Type 3 should be used for all intersection analyses. The use of an Arrival Type
other than 3 must be approved by ODOT and documented in the project analysis
documentation.

January 2026



ODOT Analysis & Traffic Chapter 6
Simulation Manual Highway Capacity Software Analysis

The Upstream Filtering Adjustment Factor “I” accounts for the effect on vehicle arrivals from an
upstream signal. It is a part of the incremental delay (d;) component of the control delay (d)
calculation. It is a function of the weighted volume-to-capacity ratio (X) for each contributing
upstream movement. The upstream filtering adjustment factor ranges from 0.09 to 1.00 and a value
of 1.00 is appropriate for an isolated intersection. The analyst must enter this value in HCS when
evaluating a single intersection, but the value is computed automatically by the software within an
urban street analysis involving multiple intersections. If signal spacing is greater than 3,200 feet,
the intersection is considered to be operating in isolation and a value of 1.00 is used. Guidance on
use of the upstream filtering adjustment factor is provided in Chapter 19 of the HCM.®

An Upstream Filtering Adjustment Factor (I) of 1.00 should be used for all isolated

@ intersection analyses (i.e. analysis of a single intersection). When multiple intersections are
evaluated in a single Streets file, the analyst should allow the | factor to calculate
automatically based on the v/c ratio of the upstream signals.

The initial queue (expressed in number of vehicles for the lane group) “specifies the queue at the
beginning of the analysis period, either observed in the field or carried over from the computations
of a previous period. It represents the number of vehicles present in the movement group at the
start of the analysis period and should not include vehicles in queue due to random, cycle-by-cycle
fluctuations. When demand exceeds capacity for a given analysis period, the incremental unmet
demand is carried over as the initial queue for the following period” (HCS Help: Initial Queue
Length). Existence of an initial queue implies that demand exceeded capacity for that lane or
movement group in the previous period. When this condition exists, the analyst may need to use
TransModeler instead of the HCS and should consult with ODOT early in the study process.

é Initial queue should be entered as zero for all intersection analyses.

The RTOR flow rate is a difficult parameter to estimate and can have a quantifiable impact on the
analysis results. The RTOR is expressed as an hourly flow and should be measured in the field when
possible. The HCM methodology subtracts the RTOR demand from the initial demand input before
the adjusted flow rate is computed.

@ RTOR value should be 0 for all intersection analyses. At locations where RTOR movements
are a significant component in intersection operations, TransModeler may be a more
appropriate tool.

The methodology allows the analyst to include an unsignalized movement (e.g. a channelized right
turn) in the signalized intersection analysis. This is done by selecting the ‘Unsignalized Movement’
checkbox for the qualifying movement. When unsignalized movement volumes are low, any delay
associated with them will be low and typically can be ignored. If unsignalized movement volumes
are high, it may be more appropriate to analyze the intersection using TransModeler.

The “Unsignalized Movement” checkbox should be checked, and the right turn volume
entered for all free/yield right turn movements. “Unsignalized Delay” field will be zero.

9 HCM 6th Edition, pp. 19-30
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Primary Input Data - Phasing section

The Phasing section is where the basic signal timing phasing scheme is set up for analysis. The
vehicular and pedestrian traffic movements are defined by unique movement numbers in the HCM
(Figure 6-13). (Note: Figure 6-13 is a re-creation of Exhibit 19-1 in the HCM 6th Edition."%) Each
movement is assigned a number and the letter “P” denotes a pedestrian movement. The numbers
for each through and left-turn movement are the same numbers used in the scheme established by
the National Electrical Manufacturers Association (NEMA). It is important to note that the orientation
of the NEMA phasing scheme can be rotated to any orientation (e.g., Movement 2 becomes
northbound for a north-south major street), but the relationship among all movements must be
retained.

Minor Street

14 47

— Vehicle Movements ‘/ \\

<+—— Pedestrian Movements

—
6P
Mai —/‘ \ 16
aor 3 — | 8| =— 6
Street 12 _\‘ '/_ 1
2P
—
3 818

Figure 6-13. Intersection Traffic Movements and Numbering Scheme

Regarding signal phase sequencing, the HCM Signalized Intersections method employs an eight-phase
dual ring structure (Figure 6-14) that allows for the concurrent presentation of a green display to
two phases. As explained in the HCM, the dual ring structure is more efficient because it allows the
controller to adapt phase duration and sequencing to individual phases. (Note: Figure 6-14 is a re-
creation of Exhibit 19-2 in the HCM 6th Edition."") Phases 1 through 4 occupy the top row of the dual
ring structure and Phases 5 through 8 occupy the bottom row.

9 HCM 6th Edition, Exhibit 19-1, p. 19-5
1 HCM 6th Edition, Exhibit 19-2, p. 19-6
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Figure 6-14. Dual-Ring Structure with Movement Assignments

The direction of the major street (east/west or north/south) is established when the HCS project is
created, with NEMA phases (movements) 2 and 6 being assigned to the major street approaches. In
the standard NEMA scheme, the order of through movement and left turn phase numbers (2-4-6-8
and 1-3-5-7, respectively) increases in a clockwise direction. Modern controllers allow the minor
street phase numbers to be “flipped” to the other side of Phases 2 and 6 (i.e., the numbers then
would increase in a counterclockwise direction). While this practice is not recommended, it does
occur. As seen in the Phasing section of the Classic Mode interface (Figure 6-15), HCS defaults to
the standard NEMA orientation, although Phase 4 can be assigned to either minor street approach.
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Figure 6-15. HCS Signal Phasing (source: McTrans)

Side Street Split Phasing

Uncoordinated Intersection

O
[

Field-Measured Phase Times [ ]

Cycle lengths of signalized intersections are interpreted as an explicit input (for coordinated
operations) or an implicit output based the green interval inputs (for uncoordinated operations).
For coordinated signals, this input specifies the background cycle length applied to all signals in the

corridor.
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Other entries in this section include the offset, reference phase for progression in a coordinated
system, and reference point in the cycle (i.e., either at the beginning or the end of the green
phase). A fundamental assumption of the HCM Urban Streets method (as implemented in the HCS)
is that the urban street facility being evaluated is composed of contiguous urban street segments,
where NEMA phases (movements) 2 and 6 represent the through movements along that facility.

The Side Street Split Phasing checkbox specifies whether or not split phasing is in effect for the side
street phases 4 and 8, meaning that phases 4 and 8 are displayed sequentially instead of
concurrently” (HCS Help: Side Street Split Phasing).

The Uncoordinated Intersection checkbox flags an intersection to be analyzed as an isolated
intersection instead of as part of an urban street facility.

The Phasing Wizard can be used by the analyst to define the phasing scheme in the NEMA dual ring
format (Figure 6-16). This is an optional tool to assist; the analyst may choose to define the phasing
manually by clicking in the individual sections of the dual ring graphic in the Phasing area of the
input window.

Phasing Wizard

Protected Left-Turn Phases?
®) Yes ) Ne
Which Approaches?
EB WE MNEB SB

Permitted Left-Turn Phases?
®) Yes ) No
Which Approaches?
[JEB CIwe NE SB

Right-Turn Cwverlap Phases?

() Yes @ No

Lagging Left-Turn Phases?

) Yes ® Mo

Figure 6-16. Signalized Intersection Phasing Wizard Tool (source: McTrans)

The Field-Measured Phase Times checkbox is tied to the Phase Duration area of the input window.
The HCM methodology for estimating control delay at a signalized intersection is based on
pretimed operation in that the duration for each signal phase is constant. When analyzing a signal
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with actuated control, make sure the “Field-Measured Phase Times” box is unchecked. Under
actuated control, individual phase durations may vary as a function of the traffic demand. The
HCM methodology includes a procedure to estimate an equivalent, average phase duration for the
analysis period at an actuated signal as though it were a pretimed phase. The diagram in the
Phase Duration section of the HCS input window is a reflection of those estimated average phase
durations and sequences, as if the signal were operating in a sequential fashion in a pretimed
mode. Actuated phases are indicated by gray arrows, while pretimed or maximum recall phases
are indicated by blue arrows (Figure 6-17). The phase duration model is documented in the online
Volume 4 of the HCM 6th Edition'? in Chapter 31. It is stressed that the values in

- Pretimed/Maximum Recall Signal Phases

- Actuated Signal Phases

Figure 6-17 are outputs from the Phase Duration model and not user inputs.

Phase Duration

- "
T o VK.

L q. "

m T I
Green 136 74 63 18.7 0.0 0.0
Yellow 40 40 40 40 0.0 0.0
Red 20 20 20 20 0.0 0.0

[ - Pretimed/Maximum Recall Signal Phases
- Actuated Signal Phases
Figure 6-17. Phase Duration Diagram (source: McTrans)

Primary Input Data - Timing section

In the Timing area of the Primary Input Data window, sighal parameters for each of the movements
are entered (Figure 6-18). The corresponding NEMA movement (i.e., Assigned Phase) is associated
with each lane group based upon the dual ring scheme shown in the Phasing area. It should be noted
that phase splits are entered for each lane group, where “a phase split represents the sum of the
green, yellow change, and red clearance intervals for the phase” (HCS Help: Phase Split). For
actuated movements, the Minimum Green entry “specifies the shortest amount of time that a green
signal indication will be displayed” (HCS Help: Minimum Green). Checking the Lag Phase box changes
the order of the subject left turn in the Phase Duration diagram above. The analyst should be
thoroughly familiar with the functionalities of Recall Mode, Dual Entry, Dallas/FYA Phasing, and
Simultaneous Gap (see the HCS Help file or Users Guide for details).

12 4CM 6th Edition, Ch. 31, pp. 31-2 — 31-21.
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Timing
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Red Clearance,s 20 20 20 20 20 20 20 20

Minimum Green, s 7 20 7 20 7 10 7 10
Lag Phase Clec [ Jer [we [ Jwr [N [ ]NT [C]sL ST
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Dual Entry Flee Wler []we @wr [N [ZINT [[]sL [¥]sT
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Figure 6-18. HCS Signal Timing Settings (source: McTrans)

The Detailed Input Data window contains a wealth of information about signalized intersections,
the urban street segments that connect them, and parameters that are applied globally. Because
this window is collapsible (as is the subsequent Multimodal Input Data window), it is often
overlooked or ignored. Each of the individual items on this window will not be discussed in this
guide; it is the responsibility of the analyst to be familiar with all of them. However, key items are
mentioned here. Many of these items address default values that are applied in the analysis. A
number of these items affect the calibration of HCS analyses. Also, those parameters that apply
only to a Streets analysis (i.e., multiple connected, signalized intersections) are not active when
only a single intersection is being evaluated.

Detailed Input Data - General section

= Default values for Stored Vehicle Length, Length of Detected Vehicle, and Stored Heavy
Vehicle Length are located here.

= The calculated Queue Length Percentile can be selected - 50", 85", 90", or 95" percentile
queue lengths. ODOT requires the 95th-percentile queue to be selected.

= The Speed Limit to Base Free-Flow Speed (FFS) Ratio “specifies the assumed ratio of the
posted speed limit to the free-flow speed” (HCS Help: Ratio of Average Speed to Free-Flow
Speed). This is used in the computation of a number of parameters, including the maximum
allowable headway (MAH) for each actuated movement, which is used in the calculation of
actuated phase times and control delays. “Speed limits also are used in the computation of
uniform stops and uniform queues” (HCS Help: Ratio of Average Speed to Free-Flow Speed).

Detailed Input Data - Intersection section

= Designated shared lanes and the percent of turns occurring from a shared lane (for example,
dual left turn lanes where one of those is a shared through/left turn) can be indicated here
for individual lane groups. See Appendix F Example 6.2.2.1C for more information.

= For two or more lanes in a lane group, Heaviest Lane Volume can be entered to compute the
corresponding lane utilization factor.

= A specific Turn Radius can be entered for all left- and right-turning intersection movements.
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These values are used primarily when the urban street includes Ramp Terminals and/or
Alternative Intersections.

= An average Bus Blockage Time can be entered to “account for the impact of local transit buses
that stop to discharge or pick up passengers at a near-side or far-side bus stop within 250 feet
of the stop line (upstream or downstream)” (HCS Help: Bus Blockage Time). Similarly, an
average Parking Maneuver Time “specifies the amount of time needed by a driver to execute
a parking maneuver” (HCS Help: Working with Scenarios). Both of these parameters affect
saturation flow rates on intersection approaches.

= Field-measured values for Proportion Arriving on Green can be used in lieu of default values.
The proportion of arrivals on green impacts many aspects of the overall model, including
queue service times, actuated phase times, and control delays.

Detailed Input Data - Segment section

These items are used when conducting a Streets analysis involving two or more signals along an
arterial or urban collector and connected sequentially by urban street segments.

= Mid-Segment Delay “specifies the average extra vehicle delay caused by “other” mid-segment
sources, such as parking” (HCS Help: Segment “Other” Delays) beyond 250 feet of the
downstream intersection stop line, and not quantifiable by other parameters in the HCS
analysis.

= Field Travel Speed is a value that can be measured and used to override the parameter
computed in the procedure. Similarly, the Field Free-Flow Speed can be measured and applied
in a similar fashion. The measured Field Travel Speed is assumed to be lower than an
estimated or measured Field Free-Flow Speed and affected by factors such as mid-block
parking maneuvers or delays caused by mid-block ingress/egress movements.

= On-Street Parking reflects the percentage of the segment length with on-street parking, which
is converted to a proportion for calculations.

Detailed Input Data - Signals section

Default values for Exclusive Pedestrian Phase Times (if applicable), Deceleration Rate in response
to a red signal indication, Critical Headway and Follow-Up Headway for permitted left turns are
contained here. In most cases, these defaults will be sufficient for ODOT analyses. Under unique
circumstances, it may be determined at the outset of the study that actual field data will be needed
to either support the use of these default values or replace them with values that more accurately
represent localized conditions.

Detailed Input Data - Access Point and Access Points sections

Multiple mid-block access points can exist along a segment. For each access point, in the Access
Points section, the analyst can enter movement-specific demand volumes, a PHF, and number of
lanes for each movement at each approach. The Location parameter “specifies the distance from
the active (i.e., more than 10 vph) unsignalized access point to the upstream signalized
intersection” (HCS Help: Access Point Location) (where upstream is in the Reverse Direction that is
served by Phase 6 direction according to the NEMA configuration).

These two areas both address mid-block access points that are part of a Streets analysis. The Access
Point area includes default values for major street left turn Critical Headway and Follow-Up
Headway parameters, a Right-Turn Equivalency Factor, Maximum Turn Bay Length, Deceleration
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Rate, and Right-Turn Speed. These parameters apply to all mid-block access points in all segments
of the urban street facility.

Detailed Input Data - Optimization section

The HCS contains a robust traffic signal timing optimization toolset that includes optimization of
cycle lengths, phase splits, and offsets, for a variety of objective functions. The analyst may choose
between Quick Optimization and Full Optimization:

= Quick Optimization uses TRANSYT 7-F, the macroscopic simulation tool that is included in HCS.
While this approach is faster, it does not always find a global solution (that is, the best solution
within the defined parameters).

=  Full Optimization is fully HCM-compliant as its Genetic Algorithm uses HCM procedures to
optimize the selected objective function. While the run time is longer, it does find the global
solution.

The HCS Full Optimization screen is shown in Figure 6-19. The analyst may choose to include all
intersections along an arterial for optimization or may selectively omit one or more. The analyst
also may choose to include or exclude cycle length, splits, offsets, and phasing sequence from the
optimization.

-
oy
IO Pl Optimitzation

~ | Input Parameters

Oyptimization

Inoluda this Intarsection in Optimazation 1 Minimum Cycle, s 60 Number of Ganerations

2 C " P  §
Objective FUnction  gatanced [ eley Maudrmum Cycla, o 120 Population Size
Cyclé Incramoem, » 10 Croasover Probabality, % W)
Cycle | 1
yele Length «
4 safety and Emission | a,giar Inerseotion 1 Mutstion Frobability, % 1.0

Splits Phasing Sequenoe L &
| . ! | Forward Wesghtng, % onveigenoe Threshold, % pon

Offsots Dallas Phasing Hevearse Welghting, % Handom Number Seed 78

@ stant

v Optimization Status (") Info

v Diagnostic Messages

v ifely, Emission, Delay Vall

Cancel

Figure 6-19. HCS Full Optimization Screen (source: McTrans)

An important decision in any signal timing optimization is selecting the right objective function.
Perhaps the proper approach to beginning any optimization should be to ask the question, “What
are we trying to achieve through optimization?” This is the purpose of the objective function.

Objective functions generally fall within two categories:

1. Throughput Maximization - also referred to as “bandwidth maximization,” timing settings
are adjusted to maximize traffic flow along an arterial. The tradeoff is that side street
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delays are typically higher as the priority is given to arterial through traffic. Depending on
the situation, major street left turns can be affected as well.

2. Delay Minimization - cycle lengths, phase splits and offsets are adjusted so that delay is
minimized for all intersection approaches. For arterial streets, the tradeoff is that
progression opportunities along the arterial are reduced, sometimes adversely.

The HCS offers a number of optimization objective function choices and these can be selected from
the drop-down window on the optimization screen. The options are:

Throughput Maximization

= Percent Base FFS (that is, find the best LOS for the arterial using the service measure Percent
Base Free-Flow Speed)

= Travel Time

= Travel Speed

=  Arterial Stops

Delay Minimization

= Arterial Delay
= Overall Delay
= Balanced Delay

Within each group, the different objective functions all try to accomplish the same basic goal (either
throughput maximization or delay minimization) but through slightly different ways. Balanced Delay
is the approach that has been used by ODOT in the past. On the basis of average control delay in
seconds per vehicle, it attempts to minimize delay for all approaches at an intersection. While this
is thought to allow for an equitable comparison among intersection improvement alternatives, it
severely penalizes through traffic movement along an arterial.

Within HCS, there is one other group of objective functions related to safety and environmental
factors:

= Delay & Safety
= Delay & Emissions
= Delay & Safety & Emissions

These were added to HCS by McTrans at the request of public agencies and basically are
combinations of throughput maximization and delay minimization objective functions.

The principles and fundamentals of signal timing optimization should be well understood by the
analyst before they are applied to an HCS analysis and the analyst should consult the HCS User’s
Guide for more details. The McTrans website also includes a short tutorial video
(https://mctrans.ce.ufl.edu/mct/index.php/hcs/tutorials/) on HCS signal. Although it is based on
the HCM 2010, the tool has remained unchanged with the HCM 6th Edition.
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@ Optimize signals in HCS using the following process:

= Full Optimization

= Delay Minimization function with the objective of Balanced Delay or Overall Delay

= Minimum of 50 generations (Note, you may need optimize multiple times until
convergence is met, or when no further improvement can be achieved.)

= Cycle length = 60 seconds (minimum), 120 seconds (maximum)

= Cycle Increment = 5 seconds

Optimizing Coordinated Signalized Intersections

Check the “Cycle Length” box before hitting the “Start” button. The Splits and Offsets will be
optimized as part of the process. After optimization is complete, you may notice some left turn
protected phases are less than 7 seconds in the “Phase Duration” section, under “Primary Input
Data”. The information in the “Phase Duration” section is an average of the phase splits for the
period analyzed (i.e. 1 hour). Protected left turn phases less than 7 seconds occur because the left
turn volume is most likely relatively light and the protected phase every cycle is not actuated every
cycle. For example, an eastbound left protected phase showing 6.7s means the protected left phase
was not actuated every cycle during the hour (i.e. it was skipped a few times). When the protected
left phase is actuated it does receive the minimum duration specified (i.e. 7 seconds).

Optimizing Uncoordinated Signalized Intersections

When optimizing, “Splits” are automatically checked and “Cycle Length” and “Offsets” are
disabled. Optimization will likely result in a cycle length that is not a multiple of 5 seconds. This is
because each cycle length during the hour will vary and HCS reports the average duration of phase
splits and cycle length. For example, HCS results in a cycle length of 92.1 seconds, which is the
optimum cycle length based on the Objective Function (i.e. Balanced Delay or Overall Delay). For
this example, round up to the next multiple of 5 seconds (i.e. 95 seconds) for the turn lane length
calculations. Report the HCS results without altering the cycle length.

When the optimization of an uncoordinated signalized intersection results in a cycle length of less
than 60 seconds the traffic analyst can submit the optimized HCS results (i.e. cycle length of 52.7
second); however, the turn lane length calculations need to be based on a minimum cycle length of
60s seconds.

Detailed Input Data - Origin-Destination section

This section supports evaluation of level of service by origin-destination (O-D) pair rather than by
movement and is not used unless more than one intersection is being analyzed in a Streets analysis.
As noted in the Help, “Changing the O-D seeds could affect the proportion of arrivals on green
throughout the urban street system. The proportion of arrivals on green impacts many aspects of
the overall model; including queue service times, actuated phase times, and control delays” (HCS
Help: O-D Seeds). The analyst should consult Chapter 30 of the HCM 6th Edition (located in online
Volume 4) for more information. Of note, the M row/column heading in the HCS O-D seed matrix
correlates with Access Point movements in Chapter 30.
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Detailed Input Data - Interchanges and Alternative Intersections section

The Interchange Intersection checkbox is used to indicate whether an intersection represents a
ramp terminal within a service interchange and the analyst then selects the type of interchange to
be evaluated: Diamond, one of six partial cloverleaf (“Parclo”) types, a Single-Point Urban
Interchange (SPUI), or Diverging Diamond Interchange (DDI). When the analyst clicks on EDTT Data,
a box is opened in which the diverted distance traveled, and design speed can be entered to
compute the extra distance travel time (EDTT) for each O-D movement. For a DDI, an additional
Diverging Diamond Data dialog box appears into which further information related to the DDI is to
be entered. The analyst should consult Chapter 23 - Ramp Terminals and Alternative Intersections,
and Chapter 34 - Interchange Ramp Terminals: Supplemental of the HCM é6th Edition for more
details.

@ The analyst should check the interchange Intersection checkbox, select the interchange type

and enter the EDTT data for all interchange intersections. However, ODOT does not need

the Interchange Results Report submitted. Results should be reported as individual
signalized intersections.

Similarly, the Alternative Intersection checkbox is used to designate whether the intersection
represents part of an alternative intersection; for example, Median U-turn (MUT), Restricted
Crossing U-turn (RCUT), or Displaced Left Turn (DLT). The Upstream and Downstream buttons are
used to locate/select HCS files for stop-controlled intersections representing the U-turn crossover
junctions located upstream and downstream of the “main” junction of the alternative intersection
being evaluated. For Alternative Intersections, a Segment section also appears in which free-flow
speeds and lengths of adjacent segments are entered for the purpose of computing EDTT incurred
by “displaced” movements.

The HCM Urban Street Facilities methodology (HCM 6th Edition Chapter 16) includes methods for
evaluating non-auto modes of travel - pedestrians, bicyclists and bus transit riders. Data enabling
these analyses are entered in the MULTIMODAL INPUT DATA section of the HCS. The analyst should
consult the HCS Users Guide, as well as Chapter 16 - Urban Street Facilities and Chapter 35 -
Pedestrians and Bicycles: Supplemental of the HCM 6th Edition for more information.

Signalized Intersections and Urban Streets Examples
Below is a brief description of examples included in Appendix F. See example for more detail.

e Example 6.2.2.1C - Shared Lane with (L-LTR-R) Approach - This example shows the
intersection of a diamond interchange and crossroad where the off-ramp has a 3-lane
approach with a Left/Left-Thru-Right/Right lane configuration. By default, HCS will
analyze the shared (LTR) lane with only thru volume. The percent of left and right turning
traffic using the shared (LTR) lane must be entered.

e Example 6.2.2.1D - Shared Lane with a (T-TR) Approach & Right Turn Slip Lane - This
example shows an interchange ramp intersection where the approach is 2 lanes with a (T-
TR) lane configuration and on-ramp is a slip right turn lane that diverges 270 feet
upstream of the stop bar.
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6.2.2.2 Stop-Controlled Intersections

There are two basic types of stop-controlled intersections: All-Way Stop-Control (AWSC) and Two-
Way Stop-Control (TWSC). The AWSC method computes control delay and a resulting LOS for each
movement and approach leg, and then computes a weighted average control delay and LOS for the
intersection as a whole. For TWSC intersections, control delay and LOS are computed for those
approaches on the stop-controlled minor street approaches and for the major street left turns that
must yield to opposing through traffic movements. Major street through and/or right-turn
movements can incur control delay if served by the same lane as the major street left-turn
movement. Control delay is computed for the major street approaches and whole intersection as
part of the method, but a corresponding LOS is not reported for those values. For TWSC
intersections, there is no weighted average control delay computed for the entire intersection, as
the uncontrolled major street approaches would “wash out” the minor street stop-controlled and
major street left-turn yielding approach values.

For AWSC analyses in the HCS, there is very little data entry involved. In the General window, aside
from street names (which are optional), the analyst only needs to enter the analysis time period,
which is typically 0.25 hours (15 minutes), and the PHF. As stated previously, HCM analyses typically
are 15-minute analyses and the PHF is used to adjust the hourly demand volumes to a peak 15-
minute period flow rate (in vehicles per hour).

As shown in the Lanes window for the example file AWSC2-MultilaneFourLeg.xaw (Figure 6-20), the
graphic data entry tool is used to specify the intersection approach geometry in the top half of
window. In the bottom half, hourly turning volumes are entered by the analyst, along with heavy
vehicle (medium trucks plus heavy trucks) percentages for each approach. Also, where shared lanes
exist and/or multiple through lanes exist at an approach, the analyst can specify the lane utilization
split among multiple lanes as a percentage if supported by observed behavior in the field (also see
the HCS Help).
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Aside from the demand volumes and intersection geometry, the analyst has no control over any
other parameters of the AWSC model.
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Figure 6-20. AWSC Lanes Window (source: McTrans)

The analysis for TWSC intersections is much more detailed, as reflected in the General input window
(Figure 6-21), where the major street direction (either East-West or North-South) and median type
are specified. If the major street is median-divided, then a value is entered in the Major Street
Median Storage box. This value, expressed as number of vehicles (with a default value of 25 feet
per vehicle assumed), indicates the number of vehicles that can be stored in the median.
Additionally, a two-stage gap acceptance model is employed for minor street through or left-turning
vehicles (crossing the near traffic lanes first and staging in the median until an acceptable gap in
the far side traffic lanes becomes available second). Finally, if the intersection being evaluated
represents part of a Restricted Crossing U-turn (RCUT) or Median U-turn (MUT), the appropriate box
is checked here. For more information on the two-stage gap acceptance model, the analyst should
consult Chapter 20 of the HCM 6th Edition.
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Figure 6-21. TWSC General Window (source: McTrans)

The TWSC Lanes window allows the user to enter the intersection geometry, as well as the grade
for the stop-controlled approaches (Figure 6-22). Additionally, lanes serving stop-controlled right-
turn movements can be specified as flared, and a storage value (in number of vehicles) can be
entered here. Similarly, a channelized right-turn lane (also referred to as a “pork chop”) can be
identified on this window (as in the example file TWSC3-FlaredApproachesMedStorage. xtw).
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Figure 6-22. TWSC Lanes Window (McTrans)

Traffic demand for a TWSC analysis is entered in the Traffic window (Figure 6-23) and includes an
entry for heavy vehicle percentage. Also, major street approaches can have a short left-turn pocket
and those are specified here. For major street approaches at TWSC intersections, an adjusted
saturation flow rate is specified for shared through and right-turning movements.
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Figure 6-23. TWSC Traffic Window (source: McTrans)

The TWSC Headway window allows the user to override the default values for Critical Headway and
Follow-up Headway. These will be discussed in more detail in Section 6.5.2. Finally, adjustments
for pedestrian volumes at all approaches and upstream traffic signals at the major street approaches
(which affect downstream arrival patterns at TWSC intersections) are made on the Adjustment
window.

6.2.2.3 Roundabouts

The HCS can be used to evaluate roundabouts with one or two approach lanes plus one bypass lane
and one or two circulating lanes. Similar to Stop-controlled intersections, the duration of the
analysis time period (typically 0.25 hours) and the PHF are entered on the General window. As
shown in the example problem (Roundaboutsi-SingleLaneRbtWithBypass.xro), configurations for
the approach lanes and circulating lanes are specified on the Geometry window (Figure 6-24),
including specifying whether bypass lanes exist. The number of conflicting circulating lanes for each
section of the roundabout is determined by clicking within the roundabout. The number of approach
lanes and lane use is determined in a similar manner. The yellow and green arrows are used to
designate right-turn bypass lanes as yielding or non-yielding, respectively.
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Figure 6-24. Roundabout Geometry Window (source: McTrans)

Entering traffic volumes and vehicle adjustments are entered in the Traffic window (Figure 6-25).
Pedestrian crossing volumes are entered here as well. The critical headway and follow-up headway
parameters that are used in the roundabout capacity calculations are specified here, either based
on field-measured data or the suggested default values.

The methodology computes control delay and LOS for each entering lane, as well as a weighted
average control delay and LOS for each approach and the roundabout as a whole. The method also
computes a 95™-percentile queue for each entering lane, given in vehicles. Multiply the 95%-
percentile queue (veh) by 25 feet/veh to convert to a length.
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Figure 6-25. Roundabout Traffic Window (source: McTrans)

6.3 When to Apply HCS Methods
6.3.1 Facilities vs. Points

The HCM defines a facility as a length of roadway, bicycle path or pedestrian walkway composed of
a connected series of points and segments."® Points are boundaries between links and are usually
represented by intersections or ramp terminals. Within the HCM and as implemented in the HCS,
there are two types of facilities analyses: Freeway Facilities (Section 6.2.1) and Urban Street
Facilities (Section 6.2.2.1) (Figure 6-26).

When conducting a Freeways analysis, the Freeway Facilities method should always be
performed in lieu of an analysis of individual freeway elements (i.e. basic freeway segments,
merge and diverge segments, weaving segments, and overlap segments).

13 HCM 6th Edition, p. 9-9
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Figure 6-26. Facilities and Points defined by the HCM

As referenced in the HCM, an urban street is separated into individual elements that are physically
adjacent and operate as a single entity in serving travelers.' A link and its boundary intersections
comprise a segment. An urban street facility is defined to be a length of roadway composed of
contiguous urban street segments and is typically functionally classified as an arterial or collector
street.

Within the HCS, the Urban Street Facilities methodology is applied when the analysis consists of one
or more segments (i.e., at least two signalized intersections joined by a street segment). The HCM
provides guidance on when signals should be evaluated as an urban street and when they can be
analyzed as isolated intersections. If intersections are part of a coordinated signal system, they
should be evaluated as an urban street.' If signal spacing is greater than 3,200 feet, they can be
analyzed as isolated intersections.'®

Signalized intersections spaced at least 3200 feet apart should be analyzed as isolated
intersections. Use Arrival Type 3 and Upstream Filtering Adjustment Factor of 1.00.

6.3.2 Under-Saturation vs. Over-Saturation

Historically the application of HCM methods have been limited to under-saturated conditions; that
is, when demand volume is less than capacity. Due to their deterministic nature, many of the
methods were incapable of providing an accurate assessment when demand exceeded capacity,
particularly when bottlenecks resulted in queue spillback that affected traffic flow upstream and
downstream of the bottleneck. This is true for both uninterrupted flow and interrupted flow.

14 HCM 6th Edition, p. 16-6
15 HCM 6th Edition, p. 19-18
16 HCM 6th Edition, Exhibit 19-14, p. 19-28
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Modern HCM methods (those contained within the 6th Edition) are better equipped to handle
oversaturated conditions, especially the Freeway Facilities method. On the interrupted flow side,
the Urban Street Facilities continues to be limited in its ability to consider effects of oversaturation,
especially when queues propagate upstream to the point where they impede discharge flow from
neighboring intersections. Where left-turn pockets spill back into through lanes due to demand
exceeding capacity, the method does not account for a diminished saturation flow rate of the
through lanes in advance of the turn bay entrance.

@ When QSR is greater than 1.0, the use of TransModeler should be considered.

6.3.3 HCS vs. TransModeler

Chapter 6 of the HCM 6th Edition is dedicated to the HCM and use of alternative analysis tools.
Alternative tools are defined as all analysis procedures outside the HCM that may be used to
compute measures of transportation performance for analysis and decision support.'” For the sake
of this document, TransModeler will be the singular alternative analysis tool to the HCM methods as
implemented through the HCS.

The HCS and TransModeler seek to accomplish the same objectives, albeit in different fashion. The
HCM methods are macroscopic in that they deal with traffic flow in its entirety over an analysis
period. The HCM methods are deterministic; that is, not subject to randomness and, with the same
inputs, will produce the same answer every time.

TransModeler is a microscopic traffic simulation tool - it simulates the movements and trajectories
of individual vehicles traveling through a network and, subject to constraints, incorporates the
randomness (stochasticity), variability and uncertainty that reflects day-to-day traffic situations.
Traffic simulation tools utilize random number seeds and multiple runs to account for this
randomness. For more information on the conceptual differences between analytical methods like
those in the HCM and simulation tools, consult Chapter 6 of the HCM 6th Edition, pp. 6-9 and 6-10.

ODOT provides specific guidance on when HCS is to be used and when TransModeler is to be used.
Consult Chapter 3 for more information.

6.4 Performance Measures

A performance measure is a quantitative or qualitative characterization of some aspect of the
service provided to a specific road user group'®. The HCM produces numerous performance measures
for each method. Every method has one service measure, which is defined to be the performance
measure upon which the LOS scale is based. In addition to the service measure, other performance
measures generated by each of the methods typically are used in the evaluation of facility
performance and in the decision-making process for transportation improvements.

17 HCM 6th Edition, p. 6-1
18 HCM 6th Edition, p. 9-18
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For each of the HCM methods (as implemented through the HCS) used by ODOT, the service measure
dictating LOS and other key performance measures are listed in Table 6-1. For a facilities analysis,
a single element having a d/c greater than 1.00 results in a facility-wide LOS F.

In the past it has been possible within some HCM methods to achieve LOS F when the demand is less
than capacity, or to have d/c greater than 1.00 but not achieve LOS F. Beginning with the HCM 2010
and applied consistently across all methods in the HCM 6th Edition, LOS F is achieved when the
service measure exceeds the LOS E/F threshold or when d/c is greater than 1.00. An example is
shown in Figure 6-27, which is the LOS scale for signalized intersections from the HCM. The reason
for this change is that the historical user perception has been that demand greater than capacity
should equate to LOS F. For each method, a second LOS F criterion has been added where either
the service measure exceeds the LOS E/F threshold or d/c is greater than 1.00. For a facilities
analysis, a single element having a d/c greater than 1.00 results in a facility-wide LOS F.

LOS by Volume-to-Capacity Ratio
Control Delay (s/veh) <1.0 >1.0
<10 A F

>10-20
>20-35
>35-55
>55-80

>80
Source: Exhibit 19-8, HCM 6th Edition

m m O O W

F
F
F
F
F

Figure 6-27. HCM Signalized Intersection LOS Scale
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Table 6-1. Performance Measures

Service Measure
Uninterrupted Flow

Other Key Performance Measures

Freeway Facilities (includes Basic Density
Freeway Segments, Weaving

Segments, Merge/Diverge and Overlap

Segments)

= Average Speed

= Demand-to-Capacity (d/c) ratio
= Space Mean Speed*

= Average Travel Time*

Multilane Highways Density

= Average Speed

Two Lane Highways** Follower Density

= Average Speed
= Percent Followers
= Travel Time

Interrupted Flow

Urban Streets Travel Speed***

= Travel Time

= Travel Speed

= Base Free-Flow Speed

= Auto Traveler Perception Score

Signalized Intersections Control Delay

= Capacity

= Demand Volume-to-Capacity (X)
Ratio

= Back of Queue (ODOT Requires
95th-Percentile)

= Queue Storage Ratio

Unsignalized Intersections and Control Delay
Roundabouts

= Capacity

= Demand Volume-to-Capacity (X)
Ratio

= 95th_percentile Queue Length

Interchange Ramp Terminals and Experienced Travel Time (ETT)

Alternative Intersections

= Control Delay

= Extra Distance Travel Time (EDTT)

= Signalized Intersection
Performance Measures (see above)

*Facility overall performance measure
**The research project NCHRP 17-65 resulted in a new Two-Lane Highways method. A new Ch. 15 has been approved for
the HCM 6th Edition but has not been distributed yet by TRB. The HCS reflects the new method.

***The Urban Streets service measure is Travel Speed as a proportion of Base Free-Flow Speed.

An apparent discrepancy between the HCS and HCM 6th Edition is addressed here. In the HCM, one
of the two performance measures used to characterize vehicular LOS for an urban street segment
is average travel speed for through vehicles (volume-to-capacity is the other). The HCS uses travel
speed as a percentage of base free-flow speed, which seems to contradict the current edition of
the HCM. However, according to the LOS scale as presented in the 6th Edition, they are technically
the same, as LOS thresholds are stratified according to base free-flow speed. The intent behind the
change between the HCM 2010 (which is still used by the HCS) and the 6th Edition was to simplify
the service measure so that it could be measured in the field. Figure 6-28 shows the difference in
how this scale is organized between the HCM 2010 and 6th Edition. The results are the same, except
the LOS A/B threshold changed from 85% in the HCM 2010 to 80% in the 6th Edition.
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Travel Speed as a Percent of | Travel Speed Threshold by Base Free-Flow Speed (mi/h)
LOS Base Free-Flow Speed (%) 55 50 45 40 35 30 25
A >85 >44 >40 >36 >32 >28 >24 >20
B >67-85 >37 >34 >30 >27 >23 >20 >17
C >50-67 >28 >25 >23 >20 >18 >15 >13
D >40-50 >22 >20 >18 >16 >14 >12 >10
E >30-40 >17 >15 >14 >12 >11 >9 >8
F <30 <17 <15 <14 <12 <11 <9 <8
HCM 2010 Ex. 17-2 HCM 6th Edition Ex. 18-1

Figure 6-28. Comparison of Urban Street LOS Scales - HCM 2010 vs. HCM 6th Edition

6.5 Calibration

Calibration of HCS Uninterrupted and Interrupted analysis to field-measured local traffic
conditions will only be used for Complex Type projects.

Calibration is defined in the HCM as the process by which the analyst selects the model parameters
that result in the best reproduction of field-measured local traffic conditions by the model." In
other words, with regard to HCS applications, data that measure existing traffic conditions should
be collected and used to create HCS analyses of existing traffic conditions for which these calculated
measures are in agreement with the collected data. As stated in the FHWA Traffic Analysis Toolbox:
Volume 3, the objective of calibration therefore is to find the set of parameter values for the model
that best reproduces observed measures of system performance.?

The HCS modules contain many default values, where a default value is an average or representative
value for a parameter to be used in the absence of actual data. The most common misapplication
of the HCS is the acceptance of the default values that populate certain inputs; without some value
present, computations cannot be completed. Wherever possible, values derived from actual data or
refined estimates should be used in lieu of default values, especially as the calibration process
involves the comparison of computed measures with those based on field observations.

Within the HCM (and as implemented through the HCS), calibration for facilities computational
methods occurs at the component level. For example, for Freeway Facilities, calibration is applied
to the Basic Freeway Segments, Ramp Merge and Diverge Segments, and Weaving Segments
methods. For Urban Street Facilities, calibration is applied to the Urban Street Segments and
Signalized Intersection methods.

For each HCM computational method there are numerous parameters which are based on collected
or estimated data and for which default values are commonly used. Some parameters have a major
effect on the computational analysis and results; thus, their accuracy is paramount. In general,
calibration efforts should focus on these key parameters early in the model development process

1% HCM 6th Edition, p. 9-4

20 Traffic Analysis Toolbox Volume Ill: Guidelines for Applying Traffic Microsimulation Modeling Software, 2019
Update to the 2004 Version, Report No. FHWA-HOP-18-036, Federal Highway Administration, Washington, D.C.,
April 2019.
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before then considering additional (and sometimes less influential) parameters. The practicality and
feasibility of collecting data for some of these parameters should be recognized as well. What is the
cost of collecting data for these factors? Is the benefit in line with the cost? Are there other issues
such as safety that must be considered?
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Table 6-2 lists the key calibration parameters associated with each of the HCM 6th Edition
procedural methods and chapters. Primary parameters are those where initial calibration factors
should be focused, followed by secondary parameters if needed and/or if resources are available.
On a case-by-case basis, calibration efforts can include other additional parameters not listed in
this table.
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Table 6-2. HCS Calibration Parameters

Calibration Parameters3

HCM6 HCM6
Chapter Method Reference Primary Secondary
Uninterrupted Flow Facilities
10 ‘ Freeway Facilities Ex. 10-7, p. Free-flow speed Jam density
10-20 Average travel speed Queue discharge capacity
12 Basic Freeway Segments and Ex. 12-18, p. Free-flow speed
‘ Multilane Highway Segments 12-25 Average travel speed
13 Freeway Weaving Segments?! Ex. 13-7, p. Free-flow speed Speed and capacity
13-13 Average travel speed adjustment factors for
weather and incidents
14 Freeway Merge and Diverge Ex. 14-4, p. Free-flow speed Speed and capacity
Segments? 14-10 Average travel speed adjustment factors for
weather and incidents
15 Two-Lane Highways? Ex. 15-5, p. Free-flow speed
15-12 Average travel speed
Interrupted Flow Facilities
18 Urban Street Segments Ex. 18-5, p. Free-flow speed* Mid-segment delay
18-15 Average travel speed Mid-segment stops
19 Signalized Intersections (Auto) Ex. 19-11, p. Saturation flow rate Initial queue
19-23 Lane utilization Control delay
Average back of queue Platoon ratio -->
size® proportion arriving on
green
Actuated phase average
duration
Start-up lost time
20 Two-Way STOP-Controlled Ex. 20-5, p. Saturation flow rate Critical headway
Intersections 20-10 - Major street through Follow-up headway
movements
- Major street right-turn
movements
21 All-Way STOP-Controlled Ex. 21-9, p. Saturation flow rate
‘ Intersections 21-11 Departure headway
22 ‘ Roundabouts Ex. 22-9, p. Lane utilization® Critical headway’
22-14 Follow-up headway’
23 Interchange Ramp Terminals and Ex. 23-21, p. Origin-Destination traffic Actuated phase average
Alternative Intersections 23-29 demand duration
Saturation flow rate Startup lost time
Lane utilization
Free-flow speed
Left-turn-on-red flow rate
Notes

INCHRP Research Project 07-26 is currently underway and is anticipated to provide an update to this method when complete
2This method recently has been updated as a result of NCHRP Research Project 17-65 and has been incorporated into the HCS
3 Calibration parameters may be selected field data or performance measures
4In the HCS, free-flow speed (FFS) is computed as an adjustment to the posted speed limit through the Speed Limit-to-Base FFS

Ratio

5Back of queue represents the maximum backward extent of queued vehicles during a typical cycle, as measured from the stop

line to the last queued vehicle
6 Applies primarily to multilane roundabouts
7Used for calibrating roundabout capacity model
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6.5.1 Calibration of Uninterrupted Flow HCS Models

HCM Uninterrupted Flow methods contain adjustment factors that are available for calibrating
related models:

= Capacity Adjustment Factor (CAF)
= Speed Adjustment Factor (SAF)
= Demand Adjustment Factor (DAF)

These factors are used primarily for reliability analyses where variation in traffic demands plus
impacts on speeds and capacities due to weather and incidents are included. The adjustment factors
also can be used at the to account for these impacts when data are collected for existing or base
condition analyses. The analyst is advised to develop these parameters to adjust for local conditions
or other effects (e.g., weather, work zones, incidents, etc.) that result in reduced capacity, free-
flow speed, and demand, if deemed necessary In most cases, use of the adjustment factors will not
be necessary (and therefore they are equal to 1.00) but they provide the analyst with another tool
if calibration efforts do not produce results within desired ranges.

CAF, SAF and DAF adjustment factors should be 1.00. ODOT approval is required for any
other value and justification must be documented in the final project documentation.

For Freeway Facilities, a comprehensive list of capacity, speed and adjustment factors is provided
in Chapter 11, Freeway Reliability Analysis. The Multilane Highway and Two-Lane Highway methods
do not include an adjustment factor for demand.

The HCM 6th Edition online Volume 4 contains additional information on calibration of uninterrupted
flow facilities. These include:

= Chapter 25 - Freeway Facilities: Supplemental,

= Chapter 26 - Freeway and Highway Segments: Supplemental,
= Chapter 27 - Freeway Weaving: Supplemental, and

= Chapter 28 - Freeway Merges and Diverges: Supplemental.

6.5.2 Calibration of HCS Interrupted Flow Models

Calibration of HCS Interrupted Flow models occurs in two areas: 1) calibration of the Base Free-
Flow Speed model in the Urban Street Segments model (HCM 6th Edition Chapter 18) and calibration
of methods for individual point facilities such as Signalized Intersections and Unsignalized
Intersections. In the Urban Street Segments method, the Base Free-Flow Speed equation contains a
speed calibration factor (Scaip) that has a default value of 0.0 mi/h. The base free-flow speed
prediction equation was calibrated by using data for many urban street segments located throughout
the United States and is believed to be relatively representative of driver behavior in most urban
areas.”’ However, a locally representative value derived from field-measured estimates of base
free-flow speed can be applied. A procedure for estimating base free-flow speed from field data is
described in Volume 4, Chapter 30 - Urban Street Segments - Supplemental. Within the HCS, the
speed calibration factor can be found in the Segment section of the DETAILED INPUT DATA menu in
the Classic Mode or in the Segment Data tab of Segment Properties in the Visual Mode.

21 HCM 6th Edition, pp. 18-28, 18-29
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6.5.2.1 Signalized Intersections

The Signalized Intersection method is the most complex of all HCM methods and requires the most
data inputs. Exhibit 19-11 in the HCM 6th Edition?? lists all of the required input data, potential data
sources, and default values. Regarding model calibration, each of these data inputs can be
considered as a potential calibration parameter, especially if the default value is used.

The analyst first must make the correct decision about how the analysis should be performed. Is the
facility oversaturated? If so, then TransModeler should be considered. Is the signal part of a
coordinated system and/or is it within 3,200 feet of another intersection? If so, it should be
evaluated as a system using the Urban Streets method and not as an isolated intersection. Making
the correct decision is an important first step in the calibration process.

If the signal operates under actuated control, the analyst must recognize that the HCM method uses
a phase prediction model to estimate average green times for each phase as if the signal were
operating in a pretimed mode. The HCS allows the user to insert actual field data in lieu of using
the phase duration model; where practical, it is advisable to collect these data to check against the
results of the phase duration model within the HCS or to use in lieu of the model. For more
information, the analyst should consult Chapter 31 - Signalized Intersections: Supplemental of the
HCM 6th Edition.

Queue length is another important calibration performance measure, as the Signalized Intersection
methodology produces a back of queue parameter that is used in the calculation of the Queue
Storage Ratio. As defined in the HCM, the back of queue is the position of the vehicle stopped
farthest from the stop line during the cycle due to the red signal indication.? Queue size is defined
to include only vehicles that are fully stopped, for which the HCM considers 5 mph as a threshold?*.
Data collection efforts involve counting the number of stopped vehicles in each lane at the end of
the red phase (onset of green) in the subject lane group for each cycle. From these data, a
cumulative distribution should be developed from which queue length percentiles (50", 85%, 90",
and 95'") can be computed. These values should be compared with the back of queue estimates
produced by the HCM method. The HCM does not provide specific guidance as to which back of
queue percentile should be used for calibration, but ODOT uses the 95t"-percentile and the analyst
is advised to use that calibration metric for all lane groups. The methodology for estimating back
of queue is described in Chapter 31 of the HCM%.

It is important to distinguish between performance measures, targets and parameters in the context
of model calibration. Refer to Table 5-2 for Calibration Targets. As an example,

= Queue length is a calibration performance measure by which a model can be compared to
field observations to determine how well (or poorly) the model reflects those field
observations

22 HCM 6th Edition, Exhibit 19-11, pp. 19-23, 19-24
23 HCM 6th Edition, p. 19-54

24 HCM 6th Edition, Eq. 31-131, p. 31-67

25 HCM 6th Edition, pp. 31-70 — 31-77
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= |If the difference between the model’s estimation of queue length and the observed queue
length exceeds a calibration target of a +/- 20% acceptable error threshold, the model is
deemed not to adequately reflect field observations

= The average vehicle headway (3,600 / Base Saturation Flow Rate) is a calibration parameter
that can be adjusted by the analyst to invoke a change in the model’s estimation of queue
length to better reflect observed field conditions

An additional primary calibration parameter for signalized intersection analyses for which data
should be collected is lane utilization. If multiple lanes exist in a lane group, lane-by-lane volumes
should be collected. Lane utilization is a significant factor at interchange ramp terminals and other
closely spaced intersections where drivers position themselves at the external approach of the
upstream intersection in anticipation of a turning movement at an internal approach of a
downstream intersection. Lane utilization data are entered in the Heaviest Lane Volume box of the
DETAILED INPUT DATA window in the HCS. In the absence of field data, suggested default lane
utilization factors are presented in Exhibit 19-15% of the HCM 6th Edition.

The HCM 6th Edition, Chapter 31 also includes a discussion on field measurement techniques for
control delay. While this is listed in

%6 HCM 6th Edition, p. 19-31

January 2026



ODOT Analysis & Traffic Chapter 6
Simulation Manual Highway Capacity Software Analysis

Table 6-2 as a secondary calibration parameter, it is advisable for the analyst to perform a control
delay study for undersaturated lane groups where feasible. Exhibit 31-43% in Chapter 31 includes
an example worksheet for field control delay measurement and the methodology itself is relatively
simple. While there are no known published targets for control delay as a calibration parameter, it
is logical to assume that control delay estimates generated by the HCS should be within one Level
of Service of control delay if it has been measured in the field.

For actuated signal control, the traffic signal phase duration is one other calibration parameter that
can be considered. As explained in Phasing Section, the HCS phase duration model estimates
equivalent green times for actuated phases as an approximation if they behaved as pretimed phases.
This is because the HCM delay model is based on pretimed signal control. Where feasible, field
observations should be conducted in which average green times are observed in the field for
actuated signal phases and these should be compared to the results produced by the phase duration
model.

Refer back to Figure 6-15 and Figure 6-16. The green phase lengths shown in Figure 6-15 are the
estimated average phase times over the course of the peak hour for the actuated signal settings
shown in Figure 6-16. The values in Figure 6-15 should be compared to field data if they are
available. If the results are not reasonably comparable, then the signal timings as they were entered
into the HCS should be checked closely with the signal timing plans as provided.

6.5.2.2 Stop Control Intersections

For All-Way Stop-Control (AWSC) analyses, there are no calibration parameters available in the HCS,
aside from accurately quantifying the percent of through-traffic volume using a shared lane when
multiple lanes serving the through movement exist at an approach.

For Two-Way Stop-Control (TWSC) analyses, saturation flow rate is a calibration parameter that
should be considered. The HCM 6th Edition provides suggested default values for 1,800 veh/h for
the major-street through movement and 1,500 veh/h for the major street right-turn movement.?
If field-measured saturation flow data are collected, they must be collected at signalized
intersections (not stop-controlled intersections). If such data have been collected within the area
of the subject TWSC intersection and conditions are representative of the site at-hand, then the
analyst may choose to override the default saturation flow values if a better match between
predicted and observed performance measures can be made.

Critical headway and follow-up headway for minor-street movements are additional calibration
parameters that can be adjusted. These headway values are used to compute potential capacity,
which in turn is used to compute control delay. The Signalized Intersections control delay field
computational method (see HCM 6th Edition Chapter 31) can be applied to major-street left-turn
and minor street movements; the analyst chooses a count interval of 10 to 20 seconds (this value
should be applied consistently) and records the number of queued vehicles at each interval, from
which the method defined in HCM 6" Edition Chapter 31 are applied to compute control delay. The
Base Critical Headway and Base Follow-Up Headway values in the Headway window (Figure 6-29)

27 HCM 6th Edition, Exhibit 31-43, p. 31-101
28 HCM 6th Edition, Exhibit 20-5, p. 20-10
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can then be modified until the predicted control delay values provide an acceptable comparison
with the field-measured control delay. It should be noted that control delay is more sensitive to
adjustments to Base Critical Headway relative to adjustments to the Base Follow-Up Headway.

The default values for Base Critical Headway and Base Follow-Up Headway should be used.
ODOT approval is required for any other value and justification must be documented in the
final project documentation.

W50 FandAcproacheiMedStunage st - HOST TWSC = a x

= START GENERAL LANES TRAFFIC HEADWAY ADJUSTMENT REPORT o

Critical Headway And Follow-Up Headway

£astbound Westbound Northbound Scuthbaung
UTurn Left Thru Right  UTum Left Thru Right UTum Left Theu Right  UTum Left Thru Right
Base Crincal Headway (sec) 41 41 75 |65 &9 75 65 |69
Stage One Base Crtical Headway (sec) 65 |55 85 55
Stage Two Base Critical Headway (sec) &5 8.5 (33 55

Cntical Headway (sec) 431 430 770 670 7.10
Stage One Criica Headway (se0) 870 570
Back 2w e

Stage Two Critical Meadway (sec)

Sase Folow Up Headway (sec) 22 22 35 4.0 33 35 40 33

Follow-Up Headway (sed) 230 2.30 350 410 38 360 410 340

Copyright © 2019 University of Forida. All Rights Reserved HOS™ TWSC Version 7.8.5

Figure 6-29. HCS Critical Headway and Follow-Up Headway Window (source: McTrans)
6.5.2.3 Roundabouts

Guidance for calibration of roundabout capacity models is provided in HCM 6™ Edition Chapter 22.
The roundabout capacity model is expressed as follows:

Cpce = Ae(TBV)
where calibration parameters A and B are a function of critical headway (t.) and follow-up headway
(ts). More information on these calibration procedures is provided in Chapter 33 - Roundabouts:
Supplemental.?

6.5.2.4 Interchange Ramp Terminals and Alternative Intersections

Interchange ramp terminals and alternative intersections are discussed in detail in Chapter 23 of
the HCM 6th Edition. The methods defined incorporate principles from other analytical methods
(e.g., signalized intersections) but also consider the unique nature of these facilities and additional
operational considerations such as experienced travel time (ETT) and extra distance travel time
(EDDT) that must be considered. For these types of facilities, interrupted flow operational

29 HCM 6th Edition, pp. 33-6, 33-7
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parameters like saturation flow and lane utilization have an even more significant impact.
Calibration of these methods, therefore, must not be overlooked.

For the ramp terminals method, as stated in the HCM, both intersection turning movements and
origin-destination (0-D) demands are needed.3® The reader is advised to consult Section 4.2.2 of
this document for guidance on estimating intersection turning movement demand. The analyst also
must include an estimation of O-D demand for the analysis, which will be developed by the ODOT
Modeling & Forecasting group.

The ramp terminal methodology also makes additional adjustments to saturation flow rates to
account for factors such as traffic pressure, lane utilization, and turning radii, depending on the
interchange type. The analyst is directed to HCM 6" Edition Chapter 23 for more specific information
on adjustments to saturation flow rate and other calibration parameters at ramp terminals.
Additional information on these methods is provided in HCM 6th Edition Chapter 34 - Interchange
Ramp Terminals: Supplemental.

6.6 Reporting/Output

Each module within the HCS provides a detailed, formatted result of the analyses. These reports
are of professional quality and visually appealing; oftentimes they are sufficient as standalone
reports to document the results of the analyses. Depending on the project, the type of analysis and
the conclusion(s), the analyst may choose to use an alternative format to include a combination of
tabular and/or graphical results.

While most modules only contain one formatted report, the Streets module contains several
options. The Full Report option must be used for signalized intersection analysis.

6.6.1 Performance Measures

Regardless of analysis type, key performance measures should be presented. Those will vary
depending on the method(s) applied and the information necessary for decision-making. At a
minimum, the service measure and corresponding LOS should be reported. Additional key
performance measures should be reported, especially in the case where Levels of Service E or F are
computed.

6.6.2 Tables vs. Graphics

At a minimum, a tabular summary of performance measures should be provided, but graphics can
be used to supplement the performance measure reporting. This may or may not require going
beyond the HCS to generate the necessary graphics.

For example, the Freeway Facilities module in the HCS produces a themed graphic schematic to
show certain performance measures for each segment (Figure 6-30). The computed segment-by-
segment density for each time period (denoted TP1, TP2, etc.) using one of the example problems
provided with the software.

30 HCM 6th Edition, p. 23-21
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Figure 6-30. HCS Freeway Facilities Example Problem Density Distribution (source: McTrans)

This same information is presented in a heat map table (

Figure 6-31). However, the results lack a schematic diagram of the study section geometry (Figure
6-32). The analyst is advised to amend this information so that such a schematic diagram is included
with the graphical presentation of the results. The HCS does provide a color theme for various
performance measures in this scheme, but only for a particular analysis period and not for multiple
periods. When a heat map is developed, a schematic diagram of the study facility should accompany

it. The heat map in

Figure 6-31 represents a multiple-period analysis (for five time periods), but ODOT has determined

Density (pc/mifln)
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than only single-period analyses will be required. Thus, a single-period analysis heat map will

contain only one row of results.
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Figure 6-31. HCS Freeway Facilities Example Problem Heat Map (source: McTrans)
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Figure 6-32. HCS Freeway Facilities Example Problem Geometry Themed Schematic Diagram
(source: McTrans)

The Signalized Intersections module within the HCS provides a graphical report of results that
includes average control delay, LOS, and queue length based on the percentile selected by the
analyst (ODOT requires use of the 95th-percentile) (Figure 6-33). A color scheme for LOS is applied.
Also, a color scheme is applied for the Queue Storage Ratio as a function of the percentile queue
that is being reported. For a Queue Storage Ratio (Rg) >1.00, a red line is shown instead of a black
line, indicating queue spillback beyond the entered storage length. The results presented in this
graphical summary are for a single analysis period. The ODOT position is to choose the full report
option so that all text, tables and graphics are included.
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Figure 6-33. HCS Signalized Intersection Analysis Graphical Summary (source: McTrans)
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6.6.3 HCS Facilities Reports
The following needs to be submitted when HCS Facilities is used:

= HCS Facilities files
= HCS Freeway Facilities Report (formatted)

o This is the default report. Click on “Report” at the top of the screen

= HCS Segment Report (formatted)

o Click on “Report” at the top of the screen, then “Switch to Segment Report” at
the bottom of the screen. Check the “All Segments” box so all segments are
printed.

= Heat Map Report

o Click on “Report” at the top of the screen, then “Heat Map Report” at the
bottom of the screen. Next to “Additional Tables”, select “All” from the
dropdown. Check the “Show Detailed Heat Map” box.
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Chapter 7. Traffic Simulation with TransModeler

7.1 Model Development

More than anything else, good traffic simulation practice, from calibration and validation to analysis
of model outputs, begins with well-specified, well-organized model inputs. Care and attention to
detail in the model’s development will help to avoid many problems that can arise later in the
calibration and validation stage. The following sections provide guidance and best practices for
developing a simulation model for various project applications in TransModeler.

7.1.1 About this TransModeler Guidance

The guidance provided in this section of the OATS, unlike other sections, will refer specifically to
TransModeler SE and how it should be used to perform microsimulation analyses effectively,
efficiently, and in accordance with ODOT’s broader project development objectives. This guidance
includes both a high-level outline of the process one should follow to develop and calibrate a
microsimulation model in TransModeler SE and specific step-by-step instruction regarding the
various tasks in that process.

In this section of the guidance, reference will be made to tools, features, and help topics in
TransModeler SE, a version of TransModeler designed specifically for simulation studies that are
confined enough in scale and scope that they avoid more complex questions of routing, dynamic
traffic assignment, tolling, advanced traffic management systems (e.g., ramp metering, variable
speed limits, etc.), and detailed public transportation operations. TransModeler can be used to
analyze these and other more advanced transportation systems, but this guidance will not cover
those applications.

Either TransModeler or TransModeler SE can be used to perform all the same tasks described in this
guidance. However, references to where certain tools or features are found in the software may
vary between the two products. Please seek technical support directly from Caliper Corporation
(TransModelerSupport@caliper.com) if you encounter any difficulty with applying the guidance
found in this document with TransModeler.

An effort has been made to limit the breadth and depth of the guidance to support simulation work
performed for ODOT. Where additional information may be useful, references to the titles of Help
topics in TransModeler SE are provided in parentheses. Additional help in TransModeler can be found
in the menu system at Help > TransModeler Help.

7.1.1.1 About TransModeler SE

Before reading this guidance, there are a few things to know about TransModeler SE. First, because
TransModeler SE is a geographic information system (GIS), most of your work will be performed in a
map - your window to a specific geographic location on the earth and where you will have immediate
access to web-based satellite imagery and other geographic data and tools that will make model
development easier and more efficient. Models of road networks are geographic files. Underlying
the visual representation in a map window, features of the road network (e.g., lanes) can be viewed,
sorted, queried, and edited as records, or rows, in a tabular dataview window with attributes of
those features (e.g., lane widths) stored in fields, or columns, in the dataview.
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This guidance will refer to layers in a simulation database or in a map. Road features, such as links
and lanes, each make up a layer in the simulation database, and these layers, together with other
geographic data such as satellite imagery, will make up an assortment of layers in a map. A working
layer is often chosen in order to open a dataview of its records and fields or in order to label its
features in the map. However, you do not have to be a GIS expert to use TransModeler SE. Only a
quick, superficial recognition of its basic design will help you to use it more effectively. In using the
software and this guidance, model development actions will broadly fall into two kinds:

1. Use of visual, interactive editing tools, most of which are organized by project workflow in
a TransModeler Sidebar docked to the side of the application window, in a map (Section
7.1.3), and

2. Data entry in a dataview.

If you are comfortable in Google Earth or any other GIS, you will be comfortable in a TransModeler
map, and if you can sort or filter data and use formulas in Excel, then you will quickly become
proficient in a TransModeler dataview.
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Figure 7-1. Introduction to the TransModeler SE Interface

7.1.1.2 Simulation Project Setup Process

The TransModeler Sidebar contains all the tools needed to create a network, enter traffic control
and demand inputs, run simulations, and summarize simulation output in reports. These four broad
steps to completing a successful simulation project are summarized in Figure 7-2 and are reflected
in the organization of tools into four tabs on the TransModeler Sidebar: Streets, Intersections,
Simulation and Output. While the process of setting up any simulation project should follow the
order depicted in Figure 7-2, the process in practice is iterative, with network geometry and signal
timings revisited and revised based on peer review and feedback and as new information becomes
available well after the project’s development has begun. However, it is highly recommended that
network geometry be largely and substantially completed using the tools on the Streets tab before
entering signal timing and turning movement data with tools on the Intersections tab. Substantive
changes to network geometry risk introducing errors in signal timing and turning volume inputs,
though those errors can be subsequently detected with the help of error-checking tools (Section
7.1.3.5) and corrected.
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7.1.2 File Organization

A simulation project in TransModeler is made from a collection of input files that can be shared
across projects so that a minimum of input data is duplicated or maintained across scenarios. Though
there is no single correct way to organize the input files associated with a TransModeler project,
this section provides guidance on a recommended system that will make working with the project,
including archiving and copying the project, easier.

7.1.2.1 Organizing Project Files

The simulation project file (.smp) is the “master” file for any project. It stores settings and the
references to other files needed to run the project in the Project Settings, including signal timings,
demand, and the simulation database (.dbd), which stores the model representation of streets and
geometry.

Good file organization can make working with and sharing a project simpler. It is easiest when all
files referenced by the simulation project are located within the same folder (or subfolders within
that folder). That way, when a project is archived or copied, all the relative file paths will be local
and will travel with the project.

The tutorials that come with the software (C:\Users\[user name]\Documents\Caliper \TransModeler
SE 5.0\Tutorial) can serve as examples of how to organize files.

The recommended file organization structure is shown in Figure 7-3. The simulation project file
(.smp) should be saved in the top-level folder (the Scenario Folder) and two subfolders should be
created (the third is created automatically by TransModeler):

1. Inputs,
2. Simulation Database, and
3. Output (this folder is created automatically when the project is opened)
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To run a simple model with no traffic signals, only two inputs are required: the simulation database
and a source of demand. However, as models become more complex, there may be use for additional
input files that are recommended to be saved inside the Inputs folder (Table 7-1).
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Table 7-1. Description of Inputs

Input File Extension = Function Help Topic
. . A saved loaded state of the network from which to start the
Initial State .ist . . Setup
simulation.
: . Signal t.imings. Note, mul.tiple time.—of—da.y plar)s can be Creating Traffic Signal
Signal Timings .tms stored in the same .tms file. Stop signs/yield signs are part .
. . . L Timing Plans
of the simulation database, not the signal timing file.
Origin
Destination (O D) [EMg#3 Demand in the form of an origin-destination (O-D) matrix Trip Matrices
Matrix
Turning . Demand in the form of turning movement volumes at an Turning Movement
.bin, .dcb | . .
Movement Table intersection Volumes
Editing Incidents and Work
Incidents .inc Locations and properties of work zones and incidents Zo:1lensg neidents an or
. . . Pedestrian C i
Pedestrians .ped Pedestrian crossing volumes edestrian Lrossing
Volumes
Sequences of links that vehicles are prohibited from Prohibiting Sequences of
Turn Prohibitions .bin, .dcb q ] P Links on a Path (Turn
traveling o
Prohibitions)
Parameters xml Parameters values that differ from the default values Parameters

The simulation database is a collection of several files with a variety of extensions but is commonly
referred to by the .dbd extension. The simulation database is the first building block in a simulation
project. A simulation project and its underlying simulation database can never be separated, though
other input files can readily be added or removed from a project

The Output folder is automatically created when you open an .smp so it does not need to be
manually created. The location of

the Output folder is defined in | Project Settings ? x
Project Settings on the Output Scenario

tab. If the project has multiple Current | AM ] 4 %] 14
scenarios, the Folder location

should be modified to add the | setup Input Output Parameters

scenario name after Output so
that scenario-specific outputs are
saved in scenario-specific
subfolders (Figure 7-4).

Output Selection
Falder || OutputiAM|

.|

Figure 7-4. Folders for Scenario-Specific Outputs
7.1.2.2 Defining Scenarios

Each simulation project can store any number of scenarios (e.g., AM Peak, PM Peak) that do not
require a different underlying simulation database. To define different scenarios, simply change the
Start Time and End Time of the Simulation Period and adjust the inputs as needed. Adjusting inputs
may include defining a different set of fields for TransModeler to read from the same file already
loaded or loading a different file. Some files can be shared among all scenarios, such as the signal
timing file, which may have time-of-day plans that span the entire day. This reduces the need to
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maintain multiple simulation project files and should make project and file management less prone
to error.

A different underlying simulation database is required if there are changes to the network, such as
an alternative interchange configuration or intersection geometry in a proposed build scenario. If
such is the case, a copy of the simulation project should be made (which will also copy the simulation
database), and scenarios of the alternative should be made in the new simulation project.

7.1.2.3 Copying Projects

As mentioned in Section 0, if changes in geometry are required to model a build alternative, then
the simulation project should be copied. Copying a project copies all the input files in the original
project, including the simulation database. Some input files contain references to features of the
road network and hence may also require updating when the road network is modified to represent
the build condition. However, a copy of every input file is not needed. The copies of input files that
are not needed can be replaced with the originals in the new project’s Project Settings. This way,
extraneous files and duplicate data can be minimized. After copying the project, the new simulation
database should be edited to represent the geometric changes, and new scenarios should be made
in the new simulation project.

To copy a project, choose File > Copy > Copy Project. Note that only input files referenced in the
Project Settings are copied. Other files such as geographic layers displayed in the map are not
copied. A Project Copy Summary will list which files were successfully copied, which files were
copied but were located outside of the Scenario Folder, and which files were not copied (Figure
7-5) (Help: Working with Scenarios).

Project Copy Summary ? H
The following files were successfully copied:
Simulation Project CA\LAODOT Simulation Project.smp 1file(s) @
Simulation Database ChASimulation Database\ODOT Simulation Project.dbd 23file(s) @
Trip Table (Project Settings) A nputs\O-Domte 1file(s) @
Parameters (Project Settings) ChLAnputs\Parameters.aoml 1filels) @
Signal Plans (Project Settings) ChLAnputsh\Signal Timings.tms 1file(s) @
Incidents (Project Settings) Ch.AlnputsiIncidents.ine 1file(s) @
Turning Movement Table (Project Settings) ChuAnputs\Turning Movernents.bin 2file(s) @
Pedestrian Volume (Project Settings) ChuAInputstPedestrians.ped 1filels) @
Turn Prehibitions (Project Settings) ChualnputsiTurn Prohibitions.bin 2 file(s) 0
Initial State in Project Settings G AInputshinitial State.ist 1filels) @
MOTE: A project archive includes only input files that are necessary for simulation. Joined tables and map layers that are not a part of the
simulation database or transit route systemn are not included but may be required to open the project. If the archive will be shared with others,
consider closing the project and adding those tables or gecgraphic files to the archive manually.

| oK |

Figure 7-5: Project Copy Summary of Files in Project Settings

As a general rule, copies of turning movement tables and signal timing files are needed for build
alternatives if the geometric changes involve changes to the way links and nodes intersect or to the
movements that are allowed by lane connectors at an intersection. Simple geometric changes in
segment geometry, such as addition of turn bays, do not require copies of turning movement tables
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or signal timing files. Typically, O-D matrices can be shared across all project alternatives, no-build
and build, because they reference only boundary nodes or centroids where trips begin and end.

Copying a project works best when the project is organized as described in Section 7.1.2.1 because
the relative path references to all input files will be preserved. If project files are in folders other
than within the Scenario Folder (or subfolders within the Scenario Folder), a copy of the file will be
placed in the Scenario Folder where the project is copied.

7.1.2.4 Archiving Projects

When you want to back up a project, send it to ODOT or another colleague working on the project,
or to send it to Caliper Technical Support, the project can be archived. Like copying a project
(Section 7.1.2.3), archiving a project collects all input files referenced in the Project Settings,
preserving their folder locations relative to the Scenario Folder, and compresses them in a WinZip
archive file (.zip).

To archive a project, choose File > Archive > Archive Project. Like copying a project, only input
files in the Project Settings are archived, and a Project Archive Summary will list the files included
in the archive (Help: Working with Scenarios).

7.1.2.5 Summary of Project Settings

Project Settings are the collection of inputs, options, and parameters that define a scenario. The
settings include simulation start and end times, options for handling initial conditions at the start
of a simulation, references to input files containing signal timings and traffic volumes, model
parameters, and more. To add or remove scenarios or to review or change Project Settings, click
% the Simulation tab on the TransModeler Sidebar. Many settings are optional or assume
reasonable default values that rarely need changing. Refer to Table 7-2 for a summary of the
changes most commonly made in the Project Settings.
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Table 7-2. Summary of Actions in Project Settings

For More
Action ( Wheredo ... ) Tab Information
Change the current scenario, add a new scenario, or rename or remove a scenario Any
Change the start and end times of the analysis period Setup
Change whether the simulation will begin with a warm-up period (and if so, the length of
the warm-up period) or with trips preloaded in the network setup
Rename the simulation database (.dbd) Setup
Change the traffic demand input files (i.e., turning movement volumes or O-D matrices) Input
Indicate the start and end times of the period(s) to which the demand input files apply Input
Add or remove signal timing inputs (.tms) Input
Add or remove incident inputs (.inc) Input
Add or remove pedestrian crossing volumes (.ped) Input
Add or remove turning movement prohibitions (.bin) Input
Choose the folder where all outputs will be created when simulations are run Output
Choose which types of outputs to report before running a simulation Output
Add a field in the simulation database where optional local parameters can be input Parameters
Change the desired unit system for inputs and outputs (e.g., mi, ft, mph vs. km, m, km/h) Parameters

7.1.3 Network Coding

This section provides guidance on how to create a road network, e s

which is stored in the simulation database, and check for common
coding errors. Network editing tasks, whether to create a brand-new
network from scratch or to edit an existing network, are performed
using the road editing tools on the Streets tab on the TransModeler
Sidebar. The list of tools is available in the Help topic, “Editing
Simulation Databases,” and is also copied below in Table 7-3. There
are also step-by-step instructions on how to use each tool in the help
topics that follow “Editing Simulation Databases.”

Changes to a road network are made in an “editing buffer” where
they are pending edits until you click Commit ¥ , at which point the
changes are saved to the simulation database. To undo all changes
made in an editing buffer, click the Cancel ¥ . There is no undo
option for road edits after changes in a buffer are committed, but
every change that can be made with the road editing tools can be
reversed. A link that has been split into two can be rejoined, a lane
connector that has been deleted can be re-added, a turn bay that
has been added can be removed by deleting the lane and rejoining
segments, etc. Actions using the road editing tools will be described
later in this section, but note that those actions are not complete
until the editing buffer in which they are taken is committed.
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Table 7-3. Road Editing Tools in TransModeler

Add Centroid Connector Add a new centroid connector

Delete Centroid Connector Delete a centroid connector

Add Crosswalk Click in the map to add a pedestrian crosswalk

Delete Crosswalk Click on a pedestrian crosswalk to delete it

Edit Pedestrian Volumes  Click on a pedestrian crosswalk to edit pedestrian volumes

Button  Tool Description
If[} Select Select a feature for editing
I_’o Info Edit the properties of a feature
One-Way/Two-Way Convert a two-way street to one-way or a one-way street to two-way
¥ Separate Divide the two sides of a two-way street into separate one-way links
Shared Center Lane Convert an existing lane into a shared center two-way left turn lane (TWLTL)
@ Add Roundabout Create a roundabout
f.;. Add Link Add a new link to the network
Z, Delete Segment Delete a link or segment from the network
£, Join Join two links or two segments together
£, Split Split a single link into two links, or a single segment into two segments
73 Reverse Reverse the direction of a one-way street
P Smooth Smooth the curvature of a segment (add or move shape points along a smooth
curve)
ﬁ Add Lane Add a new lane to a segment
[ A Delete Lane Delete a lane from a segment
i Add Turn Bay Add a left (or right) turn bay at an intersection
78 Add Channelized Turn Add a channelized right (or left) turn link at an intersection
B Add Acceleration Lane Add an acceleration lane at an on-ramp junction
B Add Deceleration Lane Add a deceleration lane at an off-ramp junction.
4 Add Lane Connector Add a new lane connector between two lanes
i Delete Lane Connector Delete a lane connector
£ Drag Stop Bar Move the position of the stop bar along the connector
A& Drag Yield Position Move the position where vehicles yield to opposing through movements
o Drag Bend Points Move bend points on a connector to change its shape
ﬁ Add Sensor Add a new sensor
% Delete Sensor Delete a sensor
A+
ke
&
e
‘s
é"E Elevation Edit the elevation profile of a link or segment
ES Label Elevation Label the elevations of a segment’s shape points in the map
% Cancel Abandon the changes made in the current edit buffer
B Commit Save the changes in the current edit buffer to the simulation database
He Settings Change the settings of the editing tools

7.1.3.1 Creating a New Network
There are four primary options for creating a new road network:

1. Coding from Scratch based on Satellite Imagery
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2. Importing from Synchro
3. Importing from HCS
4. Exporting from Freely Available Statewide Simulation Databases

Coding from Scratch based on Satellite Imagery

For smaller and medium-sized study areas, it will often be simplest and most cost-effective to simply
create the network from scratch using the road editing tools listed in Table 7-3 while using high-
resolution satellite imagery as a reference. To create a new, empty network, make sure no project
is open in TransModeler, and then do the following:

Choose File > New.

Choose With a New Simulation Database.

Click Create a Map. Note, this step will require an internet connection.

Choose U.S. Address, and enter the address information in the Create-a-Map Wizard (Figure

7-6). Alternatively, choose Canada/USA/Mexico, and enter a City and State.

. Choose a web map layer to be included in the map from the Map Layer drop-down list.

6. Click Finish. TransModeler will open a map with the web map layer and return to the New
Simulation Project dialog box.

7. Click OK. TransModeler will prompt for a file name for the simulation database.

8. Taking account of the file organization guidance provided (Section 7.1.2.1), enter a file
name, and click Save.

9. Click the Streets tab on the TransModeler Sidebar to begin working with the road editing

tools.

AN OWN =

|Create-a-Map Wizard

Create a New Map

(®) General purpose map

Area to Display in the Map

Address | 1980 W Broad St
Canada/USA/Mexice
World City Gty | € olumbus
State | OH
ZIp 143223

Map Layer (Google Sateliite

Region | World (HERE, Caliper) - 2017

@ | cance et finish |

Figure 7-6. The Create-a-Map Wizard for Creating New Networks

/mm, When creating a new network, web map layers such as OpenStreetMap and Google Map are
e' helpful resources for establishing location. Before drawing streets with the road editing
tools, it will be most useful to use a satellite image layer such as Virtual Earth Map or Google
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Satellite. To change the web map layer after the map is opened, choose Tools > Toolbars
> Web Map Layers.

Section 7.1.3.2 provides further guidance for developing road networks with the road editing tools
and satellite imagery.

Importing from Synchro

A TransModeler network can be imported from a Synchro combined data file in universal traffic data
format (UTDF). To import from a Synchro combined data file (.csv), choose File > Import Traffic
Data > Synchro Network (Help: Importing Synchro Networks, Signal Timings, and Volumes).
TransModeler will import the streets and geometry, turning volumes, and signal timings in formats
that are simulation-ready. Road geometry, however, should be reviewed and can be revised with
the road editing tools on the TransModeler Sidebar. TransModeler will not create roundabouts or
channelized right turn islands when importing from Synchro, but dedicated road editing tools for
roundabouts and channelized turns can be used to create them.

When you import from Synchro, you will have the option of specifying the coordinate system in
which the node XY coordinates are defined, identifying the geographic location by clicking common
points in a map, or disregarding geographic location. If the coordinate system in the Synchro model
is not known or is not a geographic coordinate system (e.g., NAD83 or UTM), then choose the option
to identify the geographic location by clicking in a map. Upon doing so, TransModeler will open a
schematic representation of the Synchro links labeled with street names in a map on the left, a map
of a specific geographic location of your choosing in a map on the right, and a toolbox for clicking
common locations in the two maps (Figure 7-7). When the import is completed, TransModeler will
open the project, and you may use the tools on the TransModeler Sidebar to review and refine the
geometry, signal timings, and turning volume inputs.

Sy — -

-

Figure 7-7. Importing a Network, Signal Tim‘ings, and Turning Volumes from Synchro

Importing from HCS

A simulation project can also be imported from a Highway Capacity Software (HCS) file for urban
streets. To import an HCS urban streets file, choose File > Import Traffic Data > HCS File (Help:
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Importing HCS Files). TransModeler will import the streets and geometry, turning volumes, and
signal timings in formats that are simulation-ready.

Exporting from Freely Available Statewide Simulation Databases

Caliper has already created simulation databases for all freeways in the entire United States. Caliper
has also developed significant road network coverage, including lower-class facilities such as
collectors in some cases, in Ohio for Columbus, Cincinnati, Cleveland, Akron, Toledo, and Lima.
These simulation databases are free to all users and can be requested directly from ODOT. A project
can be created from these simulation databases by doing the following:

1. Choose File > Open.

Choose All TransModeler Files or Geographic File from the file type drop-down list and
locate the geographic file with the .dbd extension.

3. Click No when prompted whether to open the simulation database in a new simulation
project. TransModeler will open the Links geography and display their centerlines in a map.
The centerlines can be labeled with street names by clicking Labels <1 on the main toolbar
and choose Name from the Field drop-down list.

4. Click 75 to show the Selection toolbar and use the tools on the toolbar to select the links
you want to export in the map. Make sure you select fewer than 100 links and 20
intersections. By default, the links will be added to the selection set named “Selection.”

5. Choose File > Export to export to a new simulation database (Help: Exporting Geographic
Files).

6. Choose the selection set (i.e., “Selection”) from the Export drop-down list and Traffic
Database from the To drop-down list.

7. Click OK.

8. Enter a file name for the new simulation database in the Save As dialog box and click OK.
TransModeler will export the selected links to a new simulation database.

. Choose File > Close to close the map.

10. Repeat steps 1 and 2 above, and then click Yes to the prompt whether to open the simulation

database in a new simulation project.

7.1.3.2 Geometrics

Roadway geometrics are defined in a simulation database. In a simulation database, links represent
streets, and links are divided into segments to represent changes in cross-section geometry, where
those changes include, but are not limited to, number of lanes (e.g., a lane is added or dropped),
lane width, lane striping, grade, and horizontal curvature. Lanes are features of a segment and have
their own geometric properties, such as lane width, and usage restrictions (e.g., high occupancy
vehicle lanes). Nodes represent intersections, and lane connectors represent lane-to-lane
movements between segments on the same link or between two links intersecting at a node. These
elements - links, segments, lanes, nodes, and lane connectors - completely define the roadway
geometry.

Other features of the simulation database, such as centroids and centroid connectors (Section
7.1.3.4) are important for microsimulation but do not describe roadway geometrics. Those features
are described elsewhere in this document.

January 2026



ODOT Analysis & Traffic Chapter 7
Simulation Manual TransModeler Analysis

Satellite Imagery and Google Earth

Satellite imagery is a valuable resource for network development because it provides immediate,
in-place visual cues and reference points to help you create and shape road segments and lanes to
conform to lane striping, merge/diverge gores, stop bars, and roadway features and other lane
markings that are visibly identifiable. TransModeler makes it simple to load satellite imagery by
providing web map layers that automatically load imagery into a map window and update as you
zoom in or out or pan around (Tools > Toolbars > Web Map Layers).

At times when the lane striping is worn or you want to see the signal heads, using the street view
function in Google Earth is also advised. To use Google Earth (separate installation required), choose
Tools > Toolbars > Web Map Layers to show the Web Map Layers toolbar, and then click Launch
and interact with Google Earth “n (Help: Using Web Map Layers and Google Earth). It is worth
noting that the Google satellite imagery and street view photography in Google Earth may not always
be up to date. If recent roadway improvements have been made, a site visit may be necessary to
accurately ascertain the existing condition.

Before a new link is added with the Add Link tool "3’, the road class, number of lanes, lane width
and directionality (one-way or two-way) can be set on the New Features tab of the Street Settings
Click Bz on the TransModeler Sidebar to view the Street Settings. Additionally, to make it easier
to align the roads with the satellite imagery, you can choose to make the road surface transparent
during editing so that only the street’s edges and lane markings are visible. To do this, check Draw
links and segments transparent on the Options tab in the Street Settings (Figure 7-8).
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Adding a two-way link with transparent links and segments by clicking on the roadway centerline
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Addin_g a one-way link with transparent links and settings by clicking on the left edge of the left-most lane
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Figure 7-8. Adding New Links

However, it is also important to use engineering judgement when coding networks in TransModeler.
At times, it may be justified to stray from what is observed satellite imagery. Drivers may in some
circumstances use the road in ways that are contrary to what is implied or even expressly regulated
by lane markings and signage. The objective in TransModeler should be to build a model that
accurately reflects driver behaviors even if it does not strictly reflect the imagery. Figure 7-9
illustrates a few ways in which it may be necessary to deviate from the lane markings and geometry
in order to simulate observed driver behaviors:

1. The length of the southbound left-turn lane can be increased if it is observed that drivers
do not acknowledge the hatch markings limiting its length.

2. The westbound approach can be modeled as two separate turning lanes if it is observed that
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drivers tend to form side-by-side queues within the single lane.

3. A channelized link can be added for the northbound right-turn movement if it is observed
that drivers tend to depart the northbound through lane as the curve begins to form.

For example, flared lanes at intersections are often designed to be wide enough to accommodate
more than one vehicle side-by-side but are not striped to be two lanes. Even in the absence of that
striping, a short segment at the intersection should be coded with two lanes if drivers are known or
observed to queue alongside one another while waiting for a gap.

Road editing based on driving behaviors
\/\‘ \@"’ \(‘:r‘%} =
. W g

\

Figure 7-9. Road Editing Based on Engineering Judgement

Grade and Horizontal Curvature

An effort to determine grades should be made when grade is known or expected to affect operations.
As a rule of thumb, the Highway Capacity Manual (HCM) states that any uphill or downhill grades
equal to or less than 2% on freeways and 3% on all other streets are considered to be “level terrain”
(that is, roadway capacity within those thresholds are not significantly different compared to a road
without grade). If it is determined that any road segment in the study area exceeds these thresholds,
the local ODOT district should be consulted regarding the availability of grade data in the study
area, whether from a statewide model network or statewide LIDAR data maintained by ODOT.

When grade data is available from these or other sources, grades can be manually entered in the
Grade_AB and Grade_BA fields in the Segments dataview (Help: Segments). Fields with the prefix
or suffix AB or BA indicate attributes that can vary by direction. The A-node-to-B-node, or AB,
direction can be displayed visually in a map in TransModeler by showing arrowheads representing
topology in the Segments layer style settings.
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Horizontal curvature is automatically calculated based on the shapes of road segments, and the
maximum speeds at which vehicles may travel are based on the horizontal curvature: Simulation >
Parameters > Vehicle Fleet > Performance > Maximum Speed > Horizontal Curve. Segments
should be split upstream and downstream of significant horizontal curves so that the local horizontal
curvature that is automatically calculated will be as accurate as possible (Help: Effect of Horizontal
Curvature on Maximum Speed). Figure 7-10 illustrates an example of this concept: the curvature
of one segment representing a loop ramp with a long parallel freeway connector will inaccurately
reflect the driving speeds along that segment (i.e., drivers will traverse the loop portion of the ramp
too fast and the straight section that follows too slow). By splitting the segment at a point
approximately where the loop ends, and the ramp becomes straight, a more accurate representation
of the effects of the horizontal curve will be achieved.

Loop ramp represented by one segment Loop ramp split into two segments

\ ’/
\ Split Link

Figure 7-10. Splitting Segments for Accurate Curvature
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Elevation Edit Elevation ? X

The shape of a road segment is | Elevation
represented by shape points along the
centerline (or left edge of the left-most
lane, if one-way), which you can click and
drag with the editing tools to change their
longitude and latitude and, hence, the
shape of the road. Each shape point also
has an elevation. The elevation value can
be used both for calculating grade and for 0.0 Distance (Fest) £000.0
visualization. The elevation value of a [ Smoath Curve [] Limit ta 3 Control Points  [#] Update Grade
single shape point can be edited with the
Edit Elevation tool # on the Streets tab
on the TransModeler Sidebar by clicking | T

directly on a shape point. Alternatively, | Seecganeniesepn e dunaton et il croesys
double-click on the segment somewhere selected shape points on the current segment.

other than on a shape point with the same

tool to show the Edit Elevation dialog box Sl
(Figure 7-11), where the elevations of all Figure 7-11. Editing Segment Elevation

shape points on the segment can be

adjusted. The latter is the preferred method for coding elevation because it helps avoid
discontinuous elevation changes between segments. (Help: Editing Segment Elevation).
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Only a segment’s grade, not its elevation, will influence vehicle performance and driver behavior
during simulation. However, the Edit Elevation dialog box pictured in Figure 7-11 does give the
analyst the option to calculate the segment’s grade from the elevations of its shape points. The
Update Grade box should only be checked if the grade should be calculated and used as input to
the simulation.

It is not necessary for changes in elevation to be continuous across segments. The analyst may edit
elevation solely for the purpose of achieving the visual effect of a grade separation without having
any effect on a segment’s grade or vehicle performance. The analyst can accomplish the visual
effect of grade separation quickly by choosing the Edit Elevation tool and, holding the UP key on
the keyboard, single-clicking on the road that should pass over another near, but not inside of, the
area where the two roads overlap. Alternatively, hold the DOWN key to click the road that should
pass beneath the other. A new shape point should appear where the two segments cross.

If elevation changes abruptly between adjacent segments, there will be no adverse effect on the
simulation and no simulation warnings will be generated, though the error-checking tools in
TransModeler will highlight segments where abrupt changes occur should the analyst wish to identify
and correct them for other reasons (e.g., 3D visualization).

Intersections

When coding the geometry of road segments at intersections, one of the first objectives should be
aligning the ends of the links with the painted stop bars, if visible in satellite imagery or in design
plans, on each approach using the Select tool H: . At approaches without visible stop bars, such as
the major street approaches at two-way stop-controlled intersections (Figure 7-12), engineering
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judgement should be used to position the ends of the links such that the lane connectors in the
intersection trace a reasonable vehicle trajectory through the intersection.

Satellite Imagery TransModeler Intersection

Figure 7-12. Links on Approaches without Stop Bars

The stop bars of individual lanes can be re-positioned further downstream into the intersection,
beyond the end of the link, using the Drag Stop Bar tool &3 . Therefore, at approaches with staggered
stop bars, the end of the link should be aligned with the most-upstream stop bar on the approach,
and the Drag Stop Bar tool &a should be used to drag the stop bars of the other lanes to the
appropriate position. Figure 7-13 shows the outlines of the road segments at an intersection with
staggered stop bars.

Note that on intersection legs represented by two-way links with divided medians, you may be
better able to shape the trajectories of lane connectors, and hence of vehicles as they travel through
the intersection by holding the Ctrl key while editing the ends of segments on one side of the median
with the Select tool l: . When you hold the Ctrl key to adjust the ends of segments with a median,
you can move one side of the median independently of the other, and hence laterally offset the
ends of the segments on opposite sides of the median.
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Satellite Imagery TransModeler Intersection

Figure 7-13. Approaches with Staggered Stop Bars

A channelized turning movement is represented by a one-way link that intersects the approach link
upstream of the intersection, where the turn diverges from the approach link, and the receiving
link downstream of the intersection, where the turn merges with the receiving link. You can use the
Add Channelized Turn tool P& to add the channelized turn by first clicking the approach link where
the channelized lane diverges first and then the receiving link where the channelized lane merges.

Pedestrians

Pedestrian crossing activity can have a significant impact on traffic operations, and these impacts
can be simulated in TransModeler. If significant pedestrian activity is known to be a factor at an
intersection in the study area, the following steps should be taken to account for pedestrian
impacts:

1. Add crosswalks using the Add Crosswalk * tool on the Streets tab on the TransModeler
Sidebar. Click on the lane connectors over which the crosswalk is positioned, generally just
downstream of the end of the link. If the street is two-way, the crosswalk will be created in
two parts: one for each direction of travel.

2. Use Select l: and click and drag the edges of each part of the crosswalk to change the angle
of the crosswalk, or click and drag the center of the crosswalk to adjust its distance from
the stop bar.

3. Enter pedestrian crossing volumes using the Choose Edit Pedestrian Volumes “s tool and
clicking on either part of the crosswalk.

4. When prompted, create and save a pedestrian volumes (.ped) file. TransModeler will
automatically add the file to the list of input files in the Project Settings.

5. In the Crosswalk dialog box, enter the crossing volumes in each direction and set the
Distribution to Random.

Roundabouts

Roundabouts can be created at any intersection using the Add Roundabout tool @ (Help: Creating
Roundabouts). The flare/angle of the links approaching the roundabout are adjusted by modifying
the shape points of the approach and the circulating segments themselves, which will influence gap
acceptance for vehicles entering the roundabout and, subsequently, the simulated operating
capacity of the roundabout. Bypass lanes at roundabout approaches are created using the Add
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Channelized Turn tool & described above. Modifying the stop bar position at roundabout approach
lanes is the critical first step to realistically modeling gap acceptance tendencies. Multi-lane
roundabout approaches are typically designed with staggered yield markings, which can either be
modeled as a single link with a modified stop bar position (Help: Moving the Stop Bar on a Lane
Connector) or as separate links for each lane (Figure 7-14).

Single Link with Modified Stop Bar Separate Links

Figure 7-14. Roundabout Stop Bar Positioning

The positions of stop bars will have an important influence on driver behavior, specifically relating
to gap acceptance, and hence on the operating capacity of the roundabout (Section 7.3.5.2).

Freeways and Ramps

Freeways should be coded as one-way links instead of two-way links with medians to ensure accurate
automatic designation of analysis type for freeway segment level reporting (Figure 7-15). To draw
one-way links, click Street Settings H: on the TransModeler Sidebar to view the Street Settings
dialog box. On the New Features tab in the Segments frame, check One Way. Or, when an editing
buffer is active, the street settings can be accessed more directly on the Quick Street Settings tab
on the sidebar.
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Satellite Imagery TransModeler Network as Two One-Way Links

On ramps and off ramps should meet the mainline link at the end of the painted area. In other
words, assuming a right-side ramp, the vertex where the left corner of the ramp link and the right
corner of the adjacent mainline link meet should be at the tip of the gore (Figure 7-16). If there is
an acceleration lane downstream of an on ramp, then a segment with a full-width acceleration lane
should be added for as long as there is a lane striping demarcating the acceleration lane. The Add
Acceleration Lane tool [l on the Streets tab on the TransModeler Sidebar can be used to add an
acceleration lane. Click first on the on ramp and a second time on the mainline link where the lane
striping ends. Occasionally, there may be justification for adding a short acceleration lane even
though the merge area is not striped for one in order to represent that length of the taper
downstream of the ramp where merging vehicles from the ramp may travel briefly side-by-side with
vehicles in the adjacent mainline lane. Judgement should be used in such cases, but the acceleration
lane in the model should end at the point where it is not practical for vehicles to travel side by side
for any part of their length. In TransModeler, one vehicle must be fully behind the vehicle in front,
even if not fully centered in the lane, before it reaches the end of the lane connector at the
downstream end of the lane.

The same applies for off ramps and deceleration lanes, but in reverse. The Add Deceleration Lane
tool [ can be used to add a deceleration lane by clicking first on the mainline link where the
striping of the deceleration lane begins (or where judgement dictates vehicles heading for the off
ramp may travel side-by-side briefly with vehicles remaining on the mainline) and again on the off
ramp.
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Satellite Imagery

TransModeler Freeway Ramps

Diverge Pointa

Merge Point at End of Gore

Figure 7-16. Freeway Merge and Diverge Segment Configurations
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7.1.3.3 Lane Connectors

Lane connectors determine which movements are allowed at segment joints and nodes. Because
they determine which movements are allowed, the lack of lane connectors also determine which
movements are prohibited. A path is only possible if there are lane connectors for the specific
movements along the entire path (Help: Lane Connectors). Figure 7-17 illustrates lane connectors

Satellite Imagery TransModeler Intersection with Lane Connectors

W NS B Y =~ ,

Figure 7-17. Lane Connectors Representing Permitted Movements Inside a Median U-Turn
Intersection

Lane connectors are added using the Add Lane Connector tool -4 by clicking once on the lane the
movement starts from and a second time in the lane to which the lane connector should connect.
The map will provide feedback on which lanes are eligible connections (green) and which lanes are
ineligible (red) when you hover your mouse over a lane after a lane has been identified with the
first click. To delete a lane connector, use the Delete Lane Connector tool -« and click on a lane
connector.

Lane connectors should not be used to facilitate lane changing. Rather, TransModeler will simulate
lane changing maneuvers while vehicles are traveling on segments. In other words, diagonal lane
connectors, as illustrated in Figure 7-18, should be avoided. For this reason, segment breaks and
node breaks in general should be avoided if possible, particularly near intersections where output
data will be collected.
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Correct Incorrect

Figure 7-18. Lane Connectors at a Segment Joint

Lane connector lengths should be a reasonable length needed to achieve the desired roadway
geometry. For example, in Figure 7-18 the lane connectors are a reasonable length at about the
length of a vehicle or less. There is not generally a need to make them longer or shorter unless the
geometry requires it. Lane connectors that are too short can result in jumpy vehicle animation.
Because lane changing maneuvers are not simulated while vehicles are traveling on lane connectors,
lane connectors that are too long will limit lane changing opportunities and may thus impact
operations.

The yield position of a lane connector determines where left-turning drivers will stop inside an
intersection while waiting for a gap in the opposing movement. Yield positions are automatically
calculated but can be manually adjusted using the Drag Yield Position tool & (Help: Moving the
Yield Position on a Lane Connector).

The connectivity bias attribute of lane connectors can be used to influence lane utilization. The
connectivity bias can have a value from 0 to 1, where 0 means 0% of drivers are willing to use the
lane connector and 1 means 100% of drivers are willing to use the lane connector. The connectivity
bias is often used where there are lane drops as most drivers will be biased against the lane that is
being dropped to avoid having to merge when the lane comes to an end. If it is believed that lane
utilization phenomena are an issue at a specific site, the analyst should consider obtaining lane-
level counts from permanent detector stations (i.e., if the signalized intersection operates under
actuated control) or from manual observation. Obtaining this data for every intersection in the
project would likely be too arduous and costly to be practical (Help: Lane Connectors). Based on
empirical research of auxiliary through lanes (ATL) and on extensive sensitivity testing in
TransModeler, a lane connector bias of 0.6 is recommended for lane connectors from a dropped
lane if no other data are available.

In the context of modeling future-year proposed design configurations in which field data cannot be
obtained, the use of modified connectivity bias values is discouraged in order to avoid the risk of
influencing simulated driver behaviors to the point of overestimating performance.

7.1.3.4 Centroids and Centroid Connectors

Centroids in a simulation database represent origins and destinations of trips. Centroids may
represent specific land uses (e.g., a commercial development, parking lot or garage, etc.) or TAZs
(Figure 7-19), or they may simply be used to represent external stations or gateways at the
boundary of a study area. Nodes on the boundary of a study area may also be used to represent the
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origins and destinations of trips. Hence, centroids may not be necessary. Centroids are never used
when turning volumes are used to represent input traffic demand (Section 7.2.1), but are
particularly useful when using origin-destination matrices to define demand (Section 7.2.2).

Centroid connectors connect centroids to links in the simulation database to define where trips may
enter the network when the centroid is the origin of a trip and where they may leave the network
when the centroid is the destination of a trip. The road editing tools Add Centroid Connector i+
and Delete Centroid Connector wx on the Streets tab on the TransModeler Sidebar are used to
create centroids and centroid connectors (Help: Editing Centroids and Centroid Connectors).

Centroid Representing a Specific Land Use Centroid Representing a Traffic Analysis Zone
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7.1.3.5 Checking a Network for Errors

There are two ways to check a network for errors. The first way is to visually compare the network
against satellite imagery (Section 7.1.3.2), and the second way is to run an error-checking routine
to scan the road network for common coding errors (Help: Checking a Simulation Database for
Errors). Choose Tools > Error Checking > Check Network to perform the scan. Features that are
identified to have errors or potential errors will be automatically placed in selection sets with names
beginning with “Check:” for review. The selection sets will be created in the corresponding map
layer. To find the selection sets, click 75 to show the Selection toolbar, change the working layer
in the map, and choose a selection set name from the drop-down list on the toolbar (Figure 7-20).
Individual network features that were selected for review can be quickly located in the map using
the navigation buttons (Section 7.1.8.3).
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Figure 7-20. Error-Checking with Selection Sets
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7.1.4 Traffic Control and Management

This section provides guidance for proper specification of intersection control and traffic
management inputs in TransModeler.

7.1.4.1 Intersection Control

The tools on the Intersections tab on the TransModeler Sidebar are used ™™= = =
to define traffic control, whether unsignalized or signalized, at =~ """ T
intersections. g Al
W] T L4
Traffic Signal Timing table
Inputs\ Tuening Yolumes bin
To the extent possible, signal timing data should be obtained to develop _:.:”;M : t
a simulation of existing conditions. The local ODOT district should be PM Volume]
consulted to determine the appropriate source of existing signal timing Nene

information for the study area. If necessary, local agencies should be .
contacted to request the data. If signal timing information is not ﬁ,i&? it i |
available, there are two options for estimating signal timings: g 2 =X

ross Streets

CHAPEL ST

1. Observe and measure signal timings in the field during each

analysis period. S Soniha
At Mode
2. Optimize signal timings using estimated turning volume demand B fctted
or field-collected turning movement counts and assuming Comvides Anelysis srwl Ophemization
certain signal timing assumptions, such as minimum and P Mﬁ‘j {
LI | L 3| —4|

maximum cycle lengths, ring-and-barrier structure, phase
assignments, etc. (Help: Signal Optimization).

The local ODOT district should be consulted as to which method should
be used on a project-by-project basis and to obtain concurrence on
assumptions regarding signal timings for design-year scenarios. Signal
timings in future design-year scenarios should be estimated by
optimizing timings using turning volumes estimated from design-year demand.

Signal timings are entered using the tools on the Intersections tab on the TransModeler Sidebar.
Create new timing plans or edit them by choosing the Edit Intersection Control tool & and clicking
on an intersection. TransModeler will open the Intersection Control Editor, where all phasing and
timing variables can be defined. Delete signals and signal timings at an intersection using the
Remove Intersection Control tool & by clicking on the intersection.

If signal timings at closely-spaced intersections are operated by s imesecton o b
a single controller and timing plan, hold the Shift key when ersecion

clicking on the intersection to open the Multiple Intersection ¢ iasmwri oo

Control dialog box. Continue to hold the Shift key while clicking
intersections to add additional intersections.

When entering new signal timing plans in the Intersection Control
Editor, choose Pretimed (Concurrent Phasing) or Traffic Actuated as the Control Type if the signals
are pretimed or actuated, respectively (Figure 7-21).
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Choose Control Type

+

Figure 7-21. Defining a New Signal Timing Plan with the Intersection Control Editor

Phasing and timing variables governing coordinated operation, including offset and reference point,
are specified in the Phases tab (Figure 7-22).

...........

Define Phasing and
Timing on the
Phases tab

Figure 7-22. Specifying Phasing and Timing in the Intersection Control Editor

For either pretimed or actuated control, a ring-and-barrier design is specified on the Ring and
Barrier tab to determine which phases are served concurrently or in series and in what order (Figure
7-23).
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Define Ring-and-Barrier
Design on the Ring and

Barrier tab

Figure 7-23. Specifying Ring-and-Barrier Design in the Intersection Control Editor

The start time of the plan should be changed to reflect the time of day to which the signal timings
apply. For example, click Change in the Intersection Control Editor and do the following:

1.

For an AM peak scenario timing plan in which the time-of-day (TOD) plans are not explicitly
known, set the start time to 08:00:00 (8:00 am) and enter the timing parameters that are
fixed regardless of the time of day (ring-and-barrier design, yellow and all-red clearance
intervals, RTOR restrictions, etc.), along with the plan-specific settings (phase splits, offset,
etc.).

For a mid-day peak scenario timing plan in which the TOD plans are not explicitly known,
create a new timing plan with a start time of 12:00:00 (12:00 pm) and choose the 08:00:00
plan created in Step 1 as the reference plan on which it is based. Check that the fixed
settings are automatically copied over, and enter the remaining timings that are TOD-
specific (e.g., phase splits, offset, etc.).

Repeat Step 2 for a PM peak scenario timing plan, entering a start time of 16:00:00 (4:00
pm) and choosing the 08:00:00 plan as the reference plan.

Choosing an existing plan as the reference plan when creating a new timing plan will reduce the
data entry burden and error because TransModeler will keep timing inputs that should be fixed
across all times of day synced each time you make changes to any of the plans that share a reference
plan. Occasionally, the ring-and-barrier design might possibly change by time of day (e.g., permitted
left-turn movements on major streets may be restricted during peak periods). If this is the case,
such plans that stray from the template of the first plan should not be based on a reference plan.

Detection for Traffic-Actuated Signals

If the signal timings are actuated, automatically add or delete sensors for the traffic signal using
the Add Detectors #. and Remove Detectors #. buttons, respectively (Help: Creating Traffic Signal
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Timing Plans). The detector configuration that is assumed when adding detectors with these tools
can be customized: Tools > Traffic Signals > Edit Detector Defaults. For sensors whose
configuration does not match the detector defaults, use the Add a Sensor tool # on the Streets
tab on the TransModeler Sidebar and designate the Vehicle Detection type as Presence or Pulse.
Once the sensors are added, they can be chosen to serve as call or extension detectors for a phase
in the Intersection Control Editor. The phase to which a sensor is assigned can also be varied by the
time-of-day plan.

SetbackuDistance
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Figure 7-24. Phase Detector Default Settings

Stop or Yield Control

To add stop or yield signs to one or more approaches at an unsignalized intersection, use the Edit
Intersection Control tool £ and click on the intersection to open the Intersection Control Editor.
Choose Stop or Yield as the Control Type, and identify which approaches have a stop or yield sign
on the Signs tab. In the absence of signage at unsignalized intersections, yielding priority between
conflicting movements is based on the road classes of the approaching links. Every road class has a
Priority attribute (with “1” as the highest-ranking priority) that is used to help resolve right of way
(Section 7.1.5).

7.1.4.2 Traffic Signal Optimization

TransModeler provides two ways of optimizing traffic signal operations: isolated signal optimization
and corridor optimization.
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Isolated signal optimization uses turning movement
volumes to optimize the cycle length at a single
intersection, while phase lengths are distributed in
proportion to their degree of saturation. Isolated signal -
optimization is performed by using the Edit Intersection N
Control tool & on the Intersections tab on the NOMID T DAMRUon SRS | -DHNNEo T
TransModeler Sidebar and clicking on an intersection in ; - = i 2
the map to open the Intersection Control Editor, and
then by clicking the Optimization button © on the

Phases tab (Help: Signal Optimization). 2] Optimize Cycle Length Mienumn {seccnds) | 60

Masmum (seconds} | 120

Comdor Segnal Optimezation (2 intersections) ?
General  OMsets

Warmup Titrse sad Evaluation Penod (HHMM)

Optimae Sgnal Timengs for
Qe Direction @) Both Directeons

Corridor optimization optimizes both the cycle lengths
and offsets for a series of intersections along a specified

Step (seconds)

corridor  using  simulation-based  measures  of it et nodaa i

effectiveness (MOEs). The simulation-based corridor Control Delay | | Queue Length | 1
optimization will work with simulation projects using Aravel On Geeen | 0.25 Stops | 0.35
either turning movements or trip matrices to define the (] Compute Performance Indes from Main Stieet MOEs Ory
demand. Corridor optimization uses simulation outputs Optioen

to determine the best signal timing plans, so any Numbes of Simultaneous Evalustions. [Mas
warnings or significant queuing outside of the network Master Interzaction | 124 - PRINCESS ANNE RD, PARLIAMENT
(Section 7.3.2.1) should be resolved prior to running ClLock Sple Percentages

corridor optimization. To ensure that delays and queue

lengths are properly reported in the simulation results on Cancel
which the timing plans will be judged, superlinks should

also be properly defined (Section 7.1.7) and a visual Figure  7-25.  Corridor  Signal

audit of the simulation should be conducted beforehand ~ Optimization Window
(Section 7.3.2).

On the Intersections tab on the TransModeler Sidebar, first define the corridor by choosing Add
Waypoints I© and single-clicking a node at one end of the corridor and double-clicking a node at
the other. The path between the points you click will be annotated in the map and should begin
upstream of the first signalized intersection on the corridor and end downstream of the last
Signalized intersections coinciding with the beginning or end of the path will not be included in the
optimization. After confirming the path is properly defined, click Optimize the Corridor (® to open
the Corridor Signal Optimization dialog box. Enter the parameters, including the weights for the
various signal optimization MOEs, and then click Start (Help: Optimizing Coordinated Timing Plans).

Note that corridor paths can be defined along any sequence of turning movements (i.e., it is not
limited to corridors oriented strictly in the EB/WB or NB/SB directions), but the signal phases that
serve the movements along the designated corridor path must be set to Coordinated in the signal
timings prior to running the corridor optimization.

Performance Index (Pl) MOE Weights define the relative priority of the outputs collected during the
optimization simulation runs and are used to compute the Pl shown in the Signal Optimization
Progress dialog box (Figure 7-26). Unless there is a compelling reason not to do so (in which case
clear documentation is needed), the given default values for the Pl MOE Weights should be used
when optimizing a signalized corridor. If there are multiple possible cycle lengths to be considered,
the PI for the best-performing plan at each cycle length is shown during optimization and after to
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allow the analyst to compare the PI values between competing cycle lengths and choose the most
desirable plan.

Signal Optimization Progress

154

44

wixem m Progress of Corrgined 5 Save Terengn Soww Terengy A

Figure 7-26. Performance Index (Pl) for Corridor Optimization

In general, it is preferable to maximize the use of two-way links when developing arterial corridors,
as it allows for two-way corridor signal optimization. However, there may be compelling reasons to
code arterials as one-way links, such as modeling Superstreet or Median U-turn corridors, which
typically feature separate coordination in both directions.

7.1.4.3 Speed Limits

When uninhibited by other vehicles or by traffic control, drivers in TransModeler will travel at a
desired speed, a common driver behavior parameter in microsimulation. In TransModeler, the
desired speed at which each driver chooses to travel is assumed to have a direct relationship with
the posted speed limit: drivers are assumed to choose a speed based, in part, on the level of risk of
receiving a speeding ticket (Help: Desired Speed Model). Further, speed limits may vary locally for
a variety of reasons (e.g., school zones, work zones, curved ramps, etc.) that have important
influences on traffic operations. For these reasons, it is important that speed limits be accurately
defined.

Free-flow speed is also an important modeling concept but does not directly influence simulated
driver behaviors. The free-flow speed is the average speed at which a road segment is traversed if
all drivers travel at their desired speeds. Hence, the average desired speed on the segment should
be very close to the free-flow speed. Free-flow speed has two other influences in TransModeler that
should be noted:

1. If traffic demand is specified in an origin-destination (O-D) matrix, then the paths that
vehicles take will be automatically computed by minimizing travel times based on free-flow
speeds. (NOTE: This is true only of TransModeler SE. In TransModeler, there are other
methods for defining the congested times that influence route choice).

2. MOE’s that determine the HCM level of service (LOS) for some facility types are based on
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free-flow speed. Most notably, urban street LOS uses average speed thresholds that vary
depending on the free-flow speed.

Speed limits vary by road class in TransModeler and can be reviewed or changed for all road links
sharing the same road class Simulation > Road Classification > Edit Road Classes (Help: Road
Class Definition). Speed limits can be found among a segment’s attributes though they are based on
the road class of the link to which the segment belongs. This allows the speed limit on a segment
to be more readily compared to the actual operating speed on the segment during simulation. To
facilitate model review, speed limits can be displayed in the map as labels or with a color theme.
To label segments, make Segments the working layer in the map, and click Labels <! on the main
toolbar. To create a color theme on segments, make Segments the working layer in the map, click
Color Theme = on the main toolbar, and then click More Options.

When speed limits change locally and significantly, speed limit signs should be used to override the
default speed limit using the Speed Limit Signs Toolbar: Tools > Toolbars > Speed Limit Signs
(Help: Editing Speed Limit Signs). A driver in the simulation model will adjust their desired speed
when encountering a speed limit sign, and the adjusted desired speed will prevail until the driver
enters a link having a different road class than the previous link or when making a turning movement
at an intersection. To restore the default speed limit of a road class after the reduced-speed area,
a new speed limit sign showing the speed limit of the road class should be added. Figure 7-27
illustrates an example of adding speed limit signs in the context of a reduced-speed school zone
with pedestrian crossings. Note that the speed limit values found in the segment attributes are only
those derived from the road class and do not reflect the values displayed on speed limit signs.
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Figure 7-27. Application of Speed Limit Signs in a School Zone
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7.1.5 Road Classification

Road classification is important not only for establishing speed limits in the model but also for
ensuring proper driving behaviors, namely as driving behaviors relate to merging onto a freeway,
regulating right of way at intersections, and gap acceptance entering roundabouts. Road class
ranking determines priority between turning movements where signage or signals do not explicitly
regulate right of way (e.g., for left-turning movements from a major street to a minor street).
TransModeler uses a road class’

priority rank to determine which is -

the major street and which is the

minor street (Help: Displaying and

Editing Intersection Turning

Movement Priority).

While the name given to a road
class is not important, the names
should be meaningful because of
the implications they have for
priority (e.g., one would expect
movements from a Minor Arterial to
have priority over those of a Local
Street).

Also important in road
classification in TransModeler are
special types used to identify
roundabout and freeway road
classes. At roundabouts, the »
circulating roadway must use a
road class having the special type
designation Roundabout, and links
intersecting the circulating links should not. Generally, links representing the splitter island should
share the same road class as the upstream link (Figure 7-28). Defining the road classes this way
ensures the proper yielding behavior for vehicles at roundabouts as well as for data entry of turning
volumes at roundabouts.

Figure 7-28. Example Road Classes at a Roundabout

On freeways, properly assigning road classes having special type designations Ramp and Freeway to
entrance ramp and mainline links, respectively, is similarly critical for TransModeler to simulate
merging and weaving behaviors as well as for proper data entry for weaving volumes.

When adding a new link with the road editing tools, the road class can be predetermined using the
settings. Click Street Settings s on the TransModeler Sidebar to define the road class of new links
and other default properties for new streets.

The road class can be changed for existing links by making Links the working layer, clicking New
Dataview [ on the main toolbar, and choosing an option from the drop-down list in the Class
field for an individual record. Alternatively, you can show the dataview for a single link record by
clicking on the link in the map using the Info tool @ .
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To review road classification visually in the map, you can color links by road class: make
@ Links the working layer in the map, click Color Theme B on the main toolbar, choose Class
from the Field drop-down list, and then click OK.

7.1.6 Naming Streets and Centroids

For purposes of data entry, map labeling, and organization of MOE’s in simulation output reports, it
is important that street names be entered for all links in the network. It is useful, but not critical,
when simulating traffic demand with O-D matrices to enter names for centroids.

7.1.6.1 Naming Streets

The Links dataview (Figure 7-29) has a Name field where street names should be entered. While
naming streets is optional, entering street names for every street will aid in data entry and output
reporting. For example, naming streets will make it easier to enter signal timings because street
names will be shown in the Intersection Control Editor and listed in drop-down lists on the sidebar,
where choosing intersecting street names will automatically center the map on the intersection. In
output reports, MOE’s will be grouped and sorted by street name.

Street names are entered for a link by making Links

the working layer and clicking on it in the map with | ] Dataview1 - Links Infe =~ — O . |
the Info tool @ . Fields will appear as rows and D 10| P
feature records as columns in the Info dataview. Dir 0
Enter the street name in the Name row. AB E
Bl W
To enter the same street name for multiple links at ANode 18
once, there are two options: EMNode 15
1. You can choose multiple links at once by - H:,,: 00;2
holding the Shift key as you click links in the Milepost_AB 0133
map with the Info tool @ . After selecting Milepost_Ba4| 0142
multiple links, right-click the Name field, Segments 2
choose Fill, and enter the street name in the Type Strest
Single Value box. Fricirity] 9
Farility] -
2. You can make a selection set of links using Control_AB Actuated
the Selection toolbar, or you may already Conirol_E| Actuated
have one for output reporting purposes. Access AB
Make Links the working layer and click New Actess_Ba
Dataview [7 to open the Links dataview. Name] GREAT PLAIN AVE]
Right-click in the dataview, choose Show e ”“”Ef'””_"
Selection, and choose the selection set E::::::-’:; d
name. TransModeler will display only the ;*_raum_w -
records in the selection set in the dataview. —Ouous_AB 0
Right-click the Name field, choose Fill, and Gueue_BA 0 y
ggitte [)Ot)r(le(Fsi;Le"e: 7n_ grg)e' in the Single Value Figure 7-29. Info Dataview for a Link
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Figure 7-30. Naming Multiple Streets with a Selection Set

Importance of Street Names on Freeways

Street names are particularly important when it comes to freeways because output data in freeway
LOS reports are automatically grouped by freeway name, sorted by distance from the end of the
freeway, and labeled using the street names of arterials at adjacent interchanges. This makes
freeway LOS reports easy to read and digest. However, the following are critical for the freeway
LOS reports to be correctly and accurately grouped, sorted, and labeled:

1. Street names for freeway links must be consistently named.
. Direction must be included in the name (e.g., “I-70 EB”).
3. Every link in the sequence of links making up the freeway facility must be named. Unnamed
links will be omitted from the output report.
4. Street names must be entered at the arterials at the ends of ramps or, if the arterials are
omitted from the network, names including the arterial street name should be given to the
ramp links.

To label streets with their names in the map, make Links the working layer, click Labels <! on the
main toolbar, and choose Name from the Field drop-down list.

7.1.6.2 Naming Centroids

The Centroids layer has a Description field where you can enter a name or description of each
centroid. This will help with data entry in, and QA/QC of, O-D matrices. You can edit the
descriptions of centroids by making Centroids the working layer, clicking on a centroid in the map
with the Info tool @, and entering a value in the Description row.
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Figure 7-31. An O-D Matrix Labeled with Centroid Descriptions

7.1.7 Superlinks

A superlink is a continuous sequence of links that together make up a span of the same street.
Superlinks are critical for proper reporting of intersection LOS and queue measurements. Links
themselves must often be split for a variety of reasons, such as to accommodate an important
driveway or channelized turn, and so are not always convenient demarcations of streets for which
to report measurements such as delay and queue length, which originate at an intersection but spill

upstream across a multitude of links.

Superlinks give you control over
delay and queue reporting and
should be carefully specified. The
links in Figure 7-32 are labeled with
their IDs. If a queuing analysis were
conducted for the eastbound
approach, queues on Link 3 alone
would be insufficient. Creating a
superlink out of Links 1, 2, 3, and 4
ensures the queues and delays for
the eastbound approach will be
properly reported (Help: Defining

Superlinks  for  Output Data
Collection).

Three typical examples
demonstrating the proper

specification of superlinks in various
contexts and settings are described
below.
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Figure 7-32. Superlink Example
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Superlink Example 1: Channelized Right Turn Lanes

In the scenario depicted in Figure 7-33, the channelized right turn lane at the southbound approach
to Node 10 (Link 3) is coded as a separate link. This causes the southbound and eastbound
approaches of Node 10 each to be
divided into two links. As a
construct for modeling
transportation networks, links
and nodes in TransModeler offer
enormous power and flexibility to
capture the effects of geometry
on operations accurately for
nearly any geometry. As output
reporting elements, links in this
scenario are poor delineation of
an intersection approach. At the
southbound approach, Links 1-2-3
are defined as a superlink,
allowing delay and queue lengths
for the left- and right-turning
movements to extend beyond
Node 11. Likewise, at the
eastbound approach, defining
Links 4-5 as a superlink allows 1
delay and queue lengths for the R } et X
left-turning and through  Figure 7-33. Superlinks at a Channelized Right Turn
movements to be collected Lane

beyond Node 12.
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Superlink Example 2: Roundabouts with Splitter Islands

Similar to channelized right turn lanes discussed in Example 1, roundabouts such as those depicted
in

Figure 7-34 are often designed such that the lanes serving the entering and exiting vehicles on a
given approach are separated into two one-way links. The links on the same approach should be
grouped together into the same superlink, allowing delay and queue lengths to be measured
beyond the upstream nodes immediately adjacent to the roundabout.
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Figure 7-34. Superlinks at Roundabouts with Splitter Islands

Superlink Example 3: Nodes in the Middle of Superlinks

In the scenario depicted in Figure 7-35, queues on the northbound approach to Node 10 are likely
to exceed the lengths of Link 1. Similarly, queues on the southbound approach to Node 11 will likely
exceed the length of Link 2. Therefore, Links 1-2 are defined as a superlink so that queuing and
delay output will be collected over the combined length of both links.

Combining Links 1 and 2 into a single
superlink makes it possible to
attribute delays and queues to the
appropriate source. However,
combining Links 1 and 2 into a
superlink also results in the loss of
delay and queue length reporting at
any nodes in the middle of the
superlink, such as at Node 12. It is
important to take this into
consideration when defining
superlinks. If delay and queue lengths
at Node 12 are an important measure
of performance, then this superlink
should not be created, and steps will
need to be taken in the presentation
of the delays and queue lengths
reported at Nodes 1 and 2 so that they
are not erroneously interpreted.

The Superlink Manager (Output >
Superlinks > Superlink Manager) is
used to create, remove, and modify
superlinks  (Help: Creating and
Modifying  Superlinks  Using  the
Superlink Manager).

Figure 7-35. Superlinks at Closely-Spaced Signalized
Intersections

To review superlinks visually in the map, you can color links by superlink: make Links the
working layer in the map, click Color Theme B on the main toolbar, choose Superlink from
the Field drop-down list and List of Values from the Method list, and then click OK.

7.1.8 Selection Sets

A selection set is a group of records in a single map layer or dataview (Help: Selection Set Basics).
They are extremely useful for identifying a subset of features for which you want to enter data or
create a report. Some helpful utilities in TransModeler, including the error checker described in
Section 7.1.3.5, will create selection sets automatically. You can use the Selection toolbar to
create and manage selection sets and to browse map features in a selection set in the map.
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7.1.8.1 Creating Selection Sets

To create a selection set, make the layer of interest the working layer. Click ¥ to show the
Selection toolbar. Features can be selected with selection tools or with a query. The first four tools
on the Selection toolbar ("= Ty % %) are used to select features on the map either by single-clicking
directly on the feature or drawing a shape around features (Help: Selecting Features with the
Selection Tools). To select features using a query, click ¥. to open the Select by Condition dialog
box and enter a query (Help: Selecting Features Based on Attributes).

Selection sets may be useful for no other purpose than to help you manage the data in your project.
Some examples of useful selection sets include the following:

Signalized nodes

Nodes with turning movement counts

Segments with traffic counts

Weaving segments

Freeway links

Lane connectors with modified lane connectivity biases

Scophwhe

7.1.8.2 Common Uses for Selection Sets
Specific applications for which selections sets are often used include the following:

1. Entering data: Features that share a common attribute value can be placed in a selection
set to make data entry easier. Some examples of this include links that have the same street
name (Section 7.1.6.1 - Naming Streets), links that have the same road class, and lanes
that have the same widths.

2. Error checking: When the Check Network utility is run, features that have errors will
automatically be placed in selection sets (Section 7.1.3.5).

3. Output reporting: When producing output tables or reports, you may choose to include only
a subset of features (e.g., intersections) in the reports or tables.

7.1.8.3 Navigating to Features in a Selection Set

You may often find yourself wanting to navigate to features in a selection set in the map in order
to review them, such as when selection sets are created for error-checking purposes. To navigate
to features in a selection set in the map, choose the name of the selection set from the drop-down
list on the Selection toolbar, and click Next Record or Previous Record LA M to the
right of the drop-down list.

7.1.9 Dataviews and Supplementary Model Data

In many ways, dataviews are like spreadsheets. You can add columns (i.e., fields) and fill them with
data manually or with values calculated from other columns using formulas. Dataviews allow you to
augment the data TransModeler uses internally to represent the road network with your own data,
most commonly for calibration, validation, or related purposes (Section 7.3.3). You can add fields
in a dataview and fill it with values by doing the following:

1. Make the layer of interest the working layer.
2. Click New Dataview [ to open the dataview.
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3. Right-click in the dataview and choose Modify.

4. Click Add Field and enter a field name in the Field Name column.

5. Enter text describing the contents of the field (e.g., the data source and/or date of a count)
in the Field Description box to aid reviewers of the model.

6. To enter data, do one of the following:

i. For a single feature: Use the Info tool @ on the main toolbar to click on a feature of
the layer in the map and enter data in the Info dataview that appears.

ii. For multiple features at once: Holding the Shift key, use the Info tool @ on the main
toolbar to click on features of the layer in the map one at a time, or click and drag a
circle around the features. You may need to expand the width of the Info dataview that
appears or scroll left/right to see all the selected features in the dataview. Click the
field in the Info dataview for which you want to enter data so that the entire row is
highlighted. Right-click and choose Fill. Enter a value next to Single Value.

To enter, for example, directional counts, make Segments the working layer. Because counts and
other data may vary by direction on two-way streets, you may need to add a pair of fields with the
same name but with “AB” and “BA” prefixes or suffixes. The value in the AB field is interpreted as
the value for the direction of travel from the link’s A node to its B node, a direction that is for all
intents and purposes arbitrary for two-way links but is always in the direction of flow on one-way
links. Therefore, data entered for one-way segments is always entered in the AB field. The AB
direction is called the topological direction and is always the same direction for links and all
segments belonging to the same link. To view the topological direction in the map as an aid while
entering data, make sure Segments is the working layer, click Layer Style ** on the main toolbar,
and check Topology.

7.2 Demand Input Development

Of all aspects involved in a simulation study, demand is the most challenging to measure, manage,
and forecast accurately. As study areas grow, the degree of complexity generally increases.
Simulation projects are thus identified with one of three types - Type |, Type Il, and Type Il -
according to the format in which the demand should be specified. The appropriate demand format
(e.g., turning movement volumes or O-D matrices, mix of passenger cars versus trucks, etc.) are
based on the nature and objective of the project, and are determined during the scoping phase of
the project in consultation with ODOT. Table 7-4 summarizes the demand specification by project

type.
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Table 7-4. Project Types and Corresponding Demand Specification

Project Type ‘ Description Demand Specification

Type | Type | projects involve the smallest study areas having only four Intersection turning volumes
intersection or three interchanges, where project or mitigation
impacts are likely to be localized.

Type |l projects involve mid-sized study areas that are slightly or O-D matrices supplied by ODOT
moderately more complex than a Type | project in that projects or |Design Traffic or by StreetLight
mitigation measures carry a greater risk of impacting adjacent
intersections, interchanges, or facilities.

Type lll Type Il projects involve the largest study areas, generally because |O-D matrices produced by the
the impacts of the projects or mitigation measures are far- Simulation Demand Estimation
reaching, uncertain, or are of significant consequence in terms of | (SDE) process

cost, public acceptance, or other factors. Due to the size of the
study area, Type Il projects will always require the use of the full
TransModeler software and not TransModeler SE.

A more detailed discussion of traffic demand specification for each project type can be found below.
Broadly, there are two approaches to specifying demand: (1) as turning volumes and (2) as O-D
matrices. Unless the study area is for a single intersection, the approaches will not have equivalent
outcomes, and it is important to understand the strengths and limitations of each approach.

7.2.1 Type | Projects: Demand as Turning Volumes

For a Type | project, traffic demand will be specified as turning volumes. The following sections
provide additional guidance on using turning volumes as the demand specification.

7.2.1.1 Demand as Turning Volumes: Drawbacks

The singular advantage of using turning volumes to specify demand is simplicity. It requires very
little effort or care to collect turning movement counts (TMCs), enter them into the software, and
begin a simulation. That simplicity, however, discourages critical evaluation of the model’s validity
and risks misleading decision-makers, potentially leading to poor project selection or programming
decisions.

Specifying demand as turning volumes, while commonplace in traffic engineering practice, has
numerous drawbacks that may not be immediately evident. The major drawbacks are summarized
in Table 7-5. Chief among these drawbacks is that when trips are simulated based on turning
volumes, their “paths” are the consequence of a string of turning movements drawn randomly and
independently at each intersection, one link at a time, until the path reaches a boundary of the
network. A trip’s “destination” is similarly the result of random chance, potentially bearing little
resemblance to actual traffic patterns. Any effort to suppress irrational or undesirable paths or O-
D pairs by prohibiting certain movements (e.g., a U-turn at a diamond interchange) inevitably skews
the simulated volumes elsewhere in the network away from the input volumes.

Irrational paths alone are not cause for great concern if the analysis is confined locally to an
intersection or a very small network. However, as the size of the study area increases with each
additional intersection or interchange, so too does the likelihood that the compound effects of those
irrational paths influence model outputs in huanced, unknowable ways.
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In summary, using turning volumes to specify demand requires just as much caution and judgment
as when developing O-D matrices. A simulation model developed for a Type | project will require
the same critical examination, calibration, and validation as any other.

Table 7-5. Drawbacks of Turning Volumes as Demand Input for Simulation

Drawback Consequence

Simulated volumes do not reflect demand, particularly where a lane
group is oversaturated, and thus yield models that underestimate delay
and queue lengths in existing conditions as well as the benefits of
improvements in build scenarios.

Turning volumes are frequently taken from turning
movement counts that represent served volumes,
not demand.

There may be numerous consequences of irrational paths. At a

0O-D pairs and/or paths may be irrational. For minimum, if irrational paths are visibly detected by astute members of a
S ETRER T Ner [N | RN e[V A I le [[oF:AE1aM public or other non-technical audience, they may undermine confidence
E ([ MV a1 o Ria SR AT IET A Rl T i NI CE IRy RS =l de] @M in the model and trust in the conclusions. At worst, irrational paths

the trip. result in an increase in weaving and merging maneuvers that have direct
impacts on output performance measures and decision-making.

O-D patterns that do not accurately reflect those observed in the field
The O-D pattern that is synthetically derived from cannot be dismissed simply because the net effect on turning volumes
the TMCs may exhibit weaving patterns — for locally at intersections is the same. It is the sequences of movements —
example, high volumes of vehicles turning right i.e., the paths — that vehicles follow that will determine the

from a minor to a major street and then concentration or dispersion of lane changing activity that may increase
immediately turning left at the next intersection. or alleviate friction, respectively, to the point of profoundly impacting
operations.

Many microsimulation tools, TransModeler included, have tools for
prohibiting certain sequences of links that constitute U-turning
movements, such as exiting a freeway at a diamond interchange and
reentering the freeway in the opposite direction, but this suppression of
certain link sequences should raise questions about how and which
other paths are promoted to maintain consistency with the input
turning volumes.

Paths based on TMCs may produce U-turns that are
difficult or impossible to completely prevent.

Unbalanced volumes between intersections, which may be the result of
midblock access points, on-street parking, errors in the counts, or the
fact that counts reflect demand at undersaturated intersections and
underrepresent the demand at oversaturated ones, present a dilemma
to the analyst because how unbalanced volumes should be treated (e.g.,
by adjusting them so that they are balanced or by allowing trips to begin
or end midblock to make up for the gaps in volumes) depends on the
cause of the imbalance, which may vary from location to location in the
same model. Analysts will be tempted to apply a blanket treatment for
the sake of expediency and skew the model in ways that are
unforeseeable.

TMCs have errors and do not account for mid-block
access points and on-street parking.

Paths simulated from turning volumes are generated one turning
movement at a time based on the proportions of turning volumes at
each node, with no foreknowledge of where the path will end, and
hence no control over the destinations of trips as a function of vehicle
class. The simulation therefore will not accurately reflect the pattern of
heavy vehicle movements in the study area, potentially skewing model
outputs.

Though TMCs may be classified (e.g., light and heavy
vehicles), microsimulation software packages,
TransModeler included, do not provide for classified
turning volumes as input. Rather, trucks and other
types of vehicles are part of a global fleet mix or a
fleet mix at the point of origin.
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Drawback Consequence

Because each turn a vehicle makes at each intersection is the direct
consequence of a pseudo-random number, the path is effectively the
joint probability of all the turning movements making up the path. As
the number of feasible paths increases, the pool of low-probability
paths increases, creating more opportunity for the imperfections
inherent in pseudo-random number generation, which may be
negligible at one intersection or a small number of intersections, to
compound across larger study areas. The net effect will be widening
gaps between input and simulated volumes at intersections increasingly
distant from trip origins.

Simulation based on turning volumes depends
heavily on large numbers of pseudo-random (as
opposed to truly random) numbers.

There are numerous cases in which project alternatives will result in
paths in existing conditions being prohibited and replaced by new paths,
necessitating the manual and tedious bookkeeping to subtract volumes
from the “old” paths and to add them to intersections along the “new”
Turning volumes must be manually adjusted to paths. Some examples include alternative interchange configurations,
simulate build scenarios that may alter the paths replacing a two-way left-turn lane with a raised median, or converting
certain trips must take. two-way streets to one-way couplets or vice versa. The manual
adjustment of volumes can be both time-consuming and error-prone.
Moreover, adjustments in some scenarios may be subjective, especially
if an alternative introduces more than one new path. The subjective
judgement of the analyst may skew the analysis one way or another.

7.2.1.2 Entering Turning Volumes

Turning volumes are managed and entered using tools on the Intersections tab on the TransModeler
Sidebar and summarized in Table 7-6.

Table 7-6. Tools for Managing Turning Volumes in TransModeler

Button Tool Description

' Display Turning Volumes Click an intersection in the map to view the turning volumes

B Edit Turning Volumes Click an intersection in the map to edit the turning volumes

Lk Add/Remove Data Fields Add, remove, or rename fields storing volumes for multiple analysis years and periods

When you are ready to enter turning volumes, you should have a plan for the volumes you intend to
simulate, bearing in mind the following consideration: How many scenarios (i.e., existing and future,
AM and PM, with and without signal timing improvements, with and without turning volumes
representing proposed land uses, etc.) will be simulated for the build condition (e.g., existing
condition vs. a geometric alternative)?

In TransModeler, turning volumes are stored in tables in a file format having a .bin extension. To
minimize and simplify model development tasks, one table should be created for each geometric
condition (e.g., an existing condition or build alternative). In the table, one field will contain the
volumes representing one analysis year and period (e.g., an AM or PM peak hour) and should be
thoughtfully named so that other users or reviewers of the model will readily recognize its purpose.
For example, a field named “AM_2020” may represent AM peak hour volumes for an existing
conditions (2020) scenario.
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When you are ready to enter volumes, click Add/Remove Data Fields [+ to set up the fields for all
the scenarios and periods for which you want to enter volumes. You will tell TransModeler which
period the field represents in the Project Settings (Section 7.1.2.5) prior to simulation.

7.2.1.3 Checking a Turning Movement Table for Errors

Before entering turning volumes, your road editing work should be complete. TransModeler will
attempt to keep turning volume inputs in sync with subsequent changes you make to the road
network, but significant road edits that involve splitting and joining links or creating new
intersections may have the effect of invalidating some of the input turning movement data.

Similarly, you may create a simulation project for a build alternative from a copy of the project
files representing existing conditions (Section 7.1.2.5). This way, the turning volumes for existing
conditions will not have to be reentered where the intersection or interchange configuration does
not change substantially. However, if the build alternative entails reconfiguring intersections or
interchanges, it is likely that some of the data in the turning movement table for the build scenario
will become invalid.

To identify records in the turning movement table that are inconsistent with the road network,
choose Tools > Error Checking > Check Turning Movement Table.

7.2.1.4 Managing Unbalanced Turning Volumes

When the sum of turning volumes turning onto a link at the upstream node does not equal the sum
of turning volumes at the downstream node, they are unbalanced. The various causes for unbalanced
volumes and the most appropriate treatment for each are summarized in Table 7-7.
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Table 7-7. Causes and Treatments for Unbalanced Turning Volumes

Treatments

If possible, seek recount or correction from the firm that performed the counts.

Examine other counts in the proximity to deduce which volumes are most likely in error, and
adjust the volumes to balance the counts.

Errors in the source counts ; ’ o ’
Ignore gaps in counts by entering a sufficiently high value for the Imbalance threshold for

Internal Link Sources and Sinks: Click Project Settings B2 on the Simulation tab on the
TransModeler Sidebar, highlight the turning movement table on the Input tab, click Trip Table
Settings 57 , and then click Options (Help: Turning Movement Table Demand).

Adjust the volumes to balance the counts.

Counts were recorded on Ignore gaps in counts by entering a sufficiently high value for the Imbalance threshold for
different days Internal Link Sources and Sinks: Click Project Settings % on the Simulation tab on the
TransModeler Sidebar, highlight the turning movement table on the Input tab, click Trip Table
Settings B , and then click Options (Help: Turning Movement Table Demand).

No treatment is necessary. By default, the Imbalance threshold mentioned above in this table
is zero, allowing for trips to start or end midblock anywhere there is a gap in volumes.
However, if you wish to allow trips to start and end midblock where it is warranted by
midblock access points and on-street parking and you wish to ignore small gaps in counts that
may be attributable to errors or counts from different days, then you may choose an
imbalance threshold that is low enough to allow for gaps attributed to midblock access points
and on-street parking but high enough to cover other gaps.

Mid-block access points
and on-street parking

Similar to the case of midblock access points and on-street parking, attempt to determine an
imbalance threshold for internal sources and sinks that is high enough to preclude trips ending
on the link due to the gap but low enough to allow for trips to begin or end at midblock access
points and on-street parking elsewhere in the network.

Upstream intersection is
undersaturated and
downstream intersection is
oversaturated, hence
having lower
served/recorded volume

If such an imbalance threshold cannot be determined, consider adjusting the volumes at the
downstream intersection proportionally to recover the gap.

It is important to note that when the imbalance threshold for internal sources and sinks is used to
preclude trips beginning or ending on links in the network with gaps less than the threshold, the
importance of the accuracy of the turning volumes on the external links—those on the boundary of
the study area—becomes critical and should be closely reviewed because they will be the ultimate
arbiters of what volumes pass to downstream links. In other words, the volumes that are simulated
on links downstream of external links will be subject to the volumes entering the link at the
upstream end if the gap between the upstream and downstream volumes does not meet the
imbalance threshold. Volumes that do not reflect the demand accurately on the external links will
thus stifle the volumes elsewhere in the network. For this reason, scoping the study area such that
external links are not oversaturated is of critical importance (Section 7.2.4.1), particularly when
using turning volumes to specify demand.
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7.2.1.5 Managing Oversaturated Conditions when Demand is Defined by Turning Volumes

It is critically important to recognize that turning movement counts collected in oversaturated
conditions may underrepresent demand. Turning movement counts are often counted based on
observation of vehicles passing the stop bar at an intersection. As such, the counts only reflect
served volumes, which will be less than or equal to capacity. Vehicles remaining queued at the end
of the data collection period, for example, contribute to a turning movement’s demand, but will be
excluded from the counts. However, if the demand exceeds capacity, then a queue will form, but
the queue will not be reflected in the turning movement counts alone. If served volumes and not
demand are input to a simulation, then the simulation and its outputs will not be an accurate
representation—in terms of queue lengths, delays, LOS and other performance measures—of existing
conditions.

For some of the suggested treatments for turning movement counts at oversaturated intersections,
see Section 7.2.1.4. The ODOT district should be consulted to determine the availability of queue
count data that may be used to determine whether significant queuing has been observed in the
field. For more information about queue counts, consult the Ohio Traffic Forecasting Manual.

7.2.1.6 Managing U-turns at Interchanges and Similar Scenarios

At times, there may be a need to prohibit vehicles from making an undesirable sequence of
movements, such as exiting a freeway and immediately reentering the freeway in the opposite
direction (Figure 7-36) or continuing in the same direction. Turn prohibitions can be used to prohibit
these types of movements. Turn prohibitions are a series of links that define the sequence of
movements that vehicles should not be permitted to take. To view, create, and delete turn
prohibitions, open the Turn Prohibition Editor by choosing Tools > Toolbars > Turn Prohibition
Editor (Help: Prohibiting Sequences of Links on a Path (Turn Prohibitions)).
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Turn Prohibition Editor

@ @ @

Figure 7-36. Example of a Turn Prohibition

7.2.1.7 Using Turning Volumes to Define Demand

Either single-period or multi-period turning volumes may be used in TransModeler. However, unless
otherwise directed by ODOT, single-period volumes should be used. Single-period volumes are
expressed as an hourly rate (vph). Additionally, a peak hour factor (PHF) may be specified (Figure
7-37). When single-period volumes are simulated, the vehicle departure rate will be constant for
the duration of the simulation time period. A peak hour factor (PHF) less than 1.00 will be used to
scale the simulated demand to volumes reflecting the highest-volume 15-minute period within the
peak hour. Hence, a simulation of one hour will overestimate the one-hour volumes and will
characterize the peak of the peak hour.

. The PHF is equal to the total volume V7 divided by the peak period volume Vs multiplied by
|

4. Specifying a PHF equal to 1.00 implies that the total volume throughout the peak hour is
distributed evenly, whereas a PHF equal to or less than 1.00 implies demand varying over
the hour. If count data are not available to compute the PHF, the HCM suggests a default of
0.92.
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Turning Movement Table Settings ? >
Turning Movement Volumes
Table |Volumes.bin

Volumes are: (@) Single-Period (vph) () Multi-Period {vehicles per interval)

Flow Field |Volume v PHF [ 0.02

Options Cancel

Figure 7-37. Single-lseriod Movement Table Settings E;(ample

7.2.1.8 O-D Matrices as an Alternative to Turning Volumes

It is acceptable, and often preferable, to use O-D matrices rather turning volumes in a Type |
project. With the O-D Matrix Toolbar in TransModeler, O-D volumes can be entered into a matrix
by clicking in a map just as well as turning volumes can be entered into a turning movement table.
To enter volumes into an O-D matrix, create a new, empty matrix (choose File > New and then Trip
Matrix) and enter volumes using the O-D Matrix Toolbar. But before you create a matrix, you will
want to consider whether you want to leverage centroid descriptions (Section 7.1.6.2) so that you
can label your matrices with text that will allow you to readily interpret the origins and destinations
that the rows and columns, respectively, represent. If you will use centroids (Section 7.1.3.4), then
you must first create the centroids at the boundaries of your study area and at centers of significant
land uses inside the study area using the road editing tools (Section 7.1.3) before you create a
matrix.

7.2.2 Type Il and Type Il Projects: Demand as O-D Matrices

In Type Il and Type lll projects, traffic demand will be specified as O-D matrices rather than as
turning volumes.

For a Type Il project, the O-D matrix volumes will be derived from one of two sources unless
otherwise directed by ODOT:

= Design traffic supplied by ODOT or by a partner MPO or consultant
= StreetLight or a similar service

For a Type lll project, the O-D matrix volumes will be derived from ODOT’s established Simulation
Demand Estimation (SDE) process, which relies on travel demand modeling tools and origin-
destination matrix estimation (ODME) methods.

The following sections provide additional guidance when using O-D matrices as demand inputs in
TransModeler. Each section is labeled to indicate whether it applies to both Type Il and Type lli
projects or only Type Ill projects.

But before beginning to develop O-D matrices, the study area and its boundaries should be well-
thought-out and carefully planned (Section 7.2.4.1). Matrices in TransModeler use the unique IDs
of node and centroid in the simulation database as row and column indices. Any edits to the road
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network that result in a change to the IDs of nodes or centroids that represent origins (rows) and
destinations (columns) in a matrix will lead to simulation errors and will require that the matrices
be corrected or recreated. Further, the task of managing and editing O-D matrices is greatly
simplified if centroids are used to represent all origins and destinations and helpful text is entered
as centroid descriptions (Section 7.1.6.2). Centroid descriptions will automatically substitute the
numerical centroid IDs in the row and column headings in a matrix window, making matrices easier
to read and interpret.

7.2.2.1 Demand as O-D Matrices: Advantages and Disadvantages (Type Il, Type Ill)

Because of the drawbacks of turning volumes as a demand input for microsimulation (Section
7.2.1.1), which magnify and compound as the study area grows, Type Il and Type Il projects will
depend on demand defined in O-D matrices. O-D matrices have the advantage of:

1. Explicitly precluding or minimizing undesirable paths (e.g., U-turning paths at intersections
or interchanges) or O-D pairs (e.g., right turns onto a major street followed by immediate
left turns, or vice versa, which increase weaving and lane changing maneuvers).

2. Permitting the vehicle fleet mix (e.g., heavy vehicle percentage) to vary by origin and
destination rather than by origin alone.

3. Obviating the need for any balancing of counts or steps to account for unbalanced turning
volumes.

Although specifying demand in O-D matrices has these and other advantages, microsimulation with
0O-D matrices is perceived by many to increase the cost and complexity of microsimulation projects.
0O-D matrices are perceived to be more complex partly because O-D volumes are more difficult to
observe directly in the field. One can easily, and relatively cheaply, collect turning movement
counts and enter them into traffic analysis or simulation software. On the other hand, to observe
0O-D volumes requires measurements at multiple locations, namely at the boundaries of a study area.
License plate surveys and Bluetooth data collection technologies partly overcome the measurement
hurdle but still only produce a sample of the O-D pattern.

7.2.2.2 Sources of O-D Volumes or Patterns (Type Il, Type lll)

While O-D data can be collected through field measurement (e.g., license plate or Bluetooth), two
established processes will be used to estimate O-D matrices in Type Il and Type Il projects.

In Type Il projects, the primary source of O-D data will be design traffic produced by ODOT or by a
partner MPO or consultant. In some Type |l projects, at the express direction of ODOT, O-D data
may be obtained from StreetLight in lieu of design traffic. ODOT maintains a subscription to
StreetLight InSight, an online platform that allows users to download O-D matrices derived from
aggregated location data anywhere in the state of Ohio. O-D matrices are estimated using an
Iterative Proportional Fitting (IPF) process that attempts to fit the O-D pattern derived from location
data to traffic counts at the study area’s boundaries. Hence, traffic volumes, whether ODOT
certified traffic or traffic counts are a required input. Step-by-step guidance for the process is
provided through StreetLight user support (Link).

/am 10 use the Streetlight InSight, first request access permission by contacting ODOT-
e' Support@streetlightdata.com with the email addresses of the individuals who will need
access, the ODOT project manager and project name, and the length of the project. If there
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are any questions during the use of the StreetLight InSight service, contact StreetLight's
Support Team at ODOT-Support@streetlightdata.com.

In Type Il projects, O-D matrices will be produced using ODOT’s SDE methodology, which leverages
travel demand models in metropolitan areas where such a model exists to provide a first
approximation of the O-D volumes. Subsequently, valid and consistent traffic counts are used to
refine that approximation to better fit observed traffic patterns. This methodology is consistent
with standard practice, but that practice does not guarantee the O-D matrices will yield simulated
volumes that immediately calibrate or validate well with field data.

One reason why simulated volumes may not calibrate or validate well with field data is because the
0O-D pattern produced by the travel demand model may bear little resemblance to the actual O-D
pattern. Travel demand models are not calibrated nor validated at a geographic resolution suitable
to support operational analysis. Moreover, while travel demand models in Ohio include time-of-day
procedures that divide daily trips into time periods (AM peak, mid-day, PM peak, and overnight),
they may not have the same temporal resolution as traffic counts (e.g., hourly) or that are suitable
for operational analysis. Thus, the travel demand model represents a coarser, big-picture estimation
of traffic demand.

Second, traffic counts are imperfect measurements and may contain errors that are difficult to
detect and root out despite efforts to do so in the SDE process.

In Type Il projects, O-D matrices obtained from StreetLight should be treated with the same caution
and subjected to the same scrutiny during calibration and validation for some of the same reasons.
Specifically, all known traffic measurements, including those on which StreetLight relies, are
imperfect. Other reasons for caution are not knowable due to the proprietary nature of StreetLight’s
data reduction and O-D development practices and assumptions.

Hence, whether a study is Type Il or Type lll, turning movement counts should still be prepared in
TransModeler using the same tools described in Section 7.2.1.2. While the turning movement counts
will not serve as inputs to the simulation, they can be readily compared to simulated volumes as
part of the calibration process (Section 7.3.4). Type lll projects will use turning movement counts
directly, as they are an input to the ODME step in the SDE process.

. Development of O-D matrices from ODME or StreetLight methods is not a guarantee that

e' simulated volumes will match well with observed volumes. When O-D matrices are used to

~ specify demand, turning movement counts are used to calculate goodness-of-fit measures
for calibration, not as inputs to the simulation.

7.2.2.3 Editing Volumes in O-D Matrices (Type Il, Type Ill)
There are two common cases in which you may want to edit the volumes in O-D matrices:

1. O-D volumes are available from a data source (e.g., ODOT design traffic), measured in the
field, or will be inferred from turning movement counts.

2. Adjustments are needed to improve the model’s calibration with counts or validation with
speeds, travel times, or queue lengths.

Volumes in O-D matrices can be edited using the tools on the O-D Matrix Toolbar, which is opened
by clicking O-D Matrix Toolbar E& on the main toolbar. When the O-D Matrix Toolbar is opened, the
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input O-D matrix is also automatically opened. If there is more than one input matrix, you will be
asked to choose the one you want to edit. The tools on the O-D Matrix Toolbar allow you to quickly
find a row corresponding with an origin, column corresponding with a destination, or cell
corresponding with an origin and a destination by clicking in the map:

1. When an origin is chosen (choose Click Origin " and then click an origin node or centroid
in the map), the corresponding row is highlighted in the matrix.

2. When a destination is chosen (choose Click Destination - and then click a destination node
or centroid in the map), the corresponding column is highlighted in the matrix.

3. When both an origin and a destination are chosen (Choose " and then click an origin in the
map; ~" should then be automatically selected without having to click on it; click on a
destination in the map), the corresponding cell is highlighted in the matrix.

Once the desired row, column, or cell in the matrix is chosen using the tools on the O-D Matrix
Toolbar, simply type in a new value directly in the desired cell(s) (Help: Editing O-D Matrices).

7.2.2.4 Using O-D Matrices Estimated with the SDE (Type Ill)

ODOT’s SDE process uses ODME to estimate O-D matrices that match traffic counts. Like traffic
simulation with turning volumes, ODME has been practiced for a very long time. While ODME might
not be in the toolkit of every practicing transportation engineer or planner, it is a technique whose
properties, benefits, and shortcomings are well understood. For relatively small and confined study
areas where numbers of competitive alternative paths are few or none, ODME can be wielded quite
fruitfully by experienced practitioners with sufficient and valid input data.

The shortcomings of ODME are best summarized in the following two points:

1. The matrix that ODME produces, however good the ODME-predicted fit between the model
volumes and the counts, cannot be taken on faith or trusted out of hand.

2. Virtually any number of solutions - that is, matrices with slightly or very different patterns
- may be able to produce the same quality of fit.

Another way to state point number 2 is also the explanation for number 1: an excellent fit with the
counts does not necessarily equate to even a good fit with the true O-D pattern. Two very different
patterns can match the same counts equally well and result in very different operating conditions.

To frame the problem, this truth is little more than another way of stating the case for validation
as a follow-up step to calibration. A model can be well-calibrated to counts and be poorly validated.

The benefits of ODME, on the other hand, are compelling: more and more, the projects we want to
evaluate are of a nature in which route choices are significantly impacted. Tools are needed to
understand those impacts. This is true not just of larger, more complex (i.e., Type lll) projects with
competing route choices, but also in smaller, more straightforward (i.e., Type Il) projects in which
0-D matrices are used but ODME may not be. For example, alternative intersection and interchange
designs, such as median U-turn (MUT) intersections and diverging diamond interchanges, and
modern street design concepts, such as smart streets, all seek to minimize conflict points that are
unsafe and make interchanges and intersections less efficient. When simulating based on turning
volumes, those volumes must be tediously shifted around, such as from the direct turning
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movements denoted with dashed lines to the diverted U-turn paths denoted with solid lines in Figure
7-38, without introducing errors.

= — =P Side-Street Direct Turn
= Side-Street Diverted U-Turn

= = =P Major-Street Direct Turn
~——»> Major-Street Diverted U-Turn

% o A
= e s, \

Figure 7-38. Turning Volume Adjustments Needed to Evaluate an MUT

When O-D matrices are used, the costs associated with the task of manually adjusting turning
volumes in numerous scenarios is traded for the additional costs associated with developing the O-
D matrices upfront, whether through ODME or by other means, but with the benefit that no change
to the demand is needed to simulate the alternatives once calibration is completed.

ODME will be performed according to the process prescribed in the SDE manual. This preceding
ODME discussion is intended only to frame expectations for the matrices that the ODME process will
produce. Analysts performing the simulation work should be prepared to review the matrices closely
and even to adjust the volumes in the matrix using tools in TransModeler (Section 7.2.2.3) in order
to improve the simulation model’s fit with the traffic counts in the calibration stage of the project.
Manual adjustments to O-D matrices are routine in practice but should be made with careful
judgment to address a clearly identified calibration objective (e.g., to improve the match observed
queues). All adjustments and the rationale for those adjustments should be documented, and both
the original, unchanged O-D matrices produced by the ODME and the adjusted O-D matrices should
be delivered to ODOT for review.

7.2.2.5 Peak Hour Factors with O-D Matricies (Type I, Type Il, Type Ill)

Traffic demand is rarely if ever steady for whole peak hour. Traffic is subject to ebb and flow, and
the way in which bottlenecks form and dissipate is due in no small part to these temporal
dynamics. The peak hour factor accounts for this temporal distribution.

The simplest way to define the temporal distribution when using O-D matrices in a Type |, Type Il
or Type lll study is to apply a multi-period curve to each trip matrix. In a trip matrix’ settings, a
time distribution can be defined in a curve in which the height of the curve in each interval
reflects that proportion of the demand departing in that interval, and that distribution will be
applied to all O-D pairs in the matrix. Table 7-8 provides the proportion of demand in each
interval for PHFs ranging from 0.80 to 1.0.

January 2026



ODOT Analysis & Traffic Chapter 7
Simulation Manual TransModeler Analysis

== When developing O-D Matrix Curve Data, care should be taken to include a warm-up period

Ze' (Section 7.2.4.2), which will typically be 15 minutes for a one hour analysis period. Hence,
an O-D Matrix Curve will span five 15-minute periods accounting for 15 minutes to load the
network.

To use a curve to define the proportion of the volume that departs during each period:

Click Project Settings % on the Simulation tab on the TransModeler Sidebar
Click the Input tab and highlight the matrix file.

1

2

3. Click Trip Table Settings & to view the Trip Matrix Settings.

4. Choose Curve-Based on the Setup tab.

5. Click the Curve tab and enter the number of intervals in the Intervals box (Figure 7-39).

6. Click and drag the upper-left corner of each bar in the chart to change the percentage of
the demand in the matrix departing in each interval. Or, right-click the upper-left corner
of each bar and enter the Percentage to edit the distribution (Help: Trip Matrix Setup).

Figure 7-39. Example of O-D Matrix Curve

Trip Matrix Settings 7 >

Setup Contents Curve  Options

Percentage of Demand Departing in Each Interval

30.00

Percentage (%)

07:45:00 Time 02:00:00

Intervals || 5 = [lUniform Length Sum | 120.00% Re-scale Import...
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Table 7-8. O-D Matrix Curve Data for Various PHF

Percentage of Demand Departing in Each Interval

Warm-Up Interval 1 Interval 2 Interval 3 Interval 4
20.00% 25.00% 31.25% 25.00% 18.75%
20.00% 25.00% 30.86% 25.00% 19.14%
20.00% 25.00% 30.49% 25.00% 19.51%
20.00% 25.00% 30.12% 25.00% 19.88%
20.00% 25.00% 29.76% 25.00% 20.24%
20.00% 25.00% 29.41% 25.00% 20.59%
20.00% 25.00% 29.07% 25.00% 20.93%
20.00% 25.00% 28.74% 25.00% 21.26%
20.00% 25.00% 28.41% 25.00% 21.59%
20.00% 25.00% 28.09% 25.00% 21.91%
20.00% 25.00% 27.78% 25.00% 22.22%
20.00% 25.00% 27.47% 25.00% 22.53%
20.00% 25.00% 27.17% 25.00% 22.83%
20.00% 25.00% 26.88% 25.00% 23.12%
20.00% 25.00% 26.60% 25.00% 23.40%
20.00% 25.00% 26.32% 25.00% 23.68%
20.00% 25.00% 26.04% 25.00% 23.96%
20.00% 25.00% 25.77% 25.00% 24.23%
20.00% 25.00% 25.51% 25.00% 24.49%
20.00% 25.00% 25.25% 25.00% 24.75%
20.00% 25.00% 25.00% 25.00% 25.00%

7.2.2.6 Traffic Analysis Zone Connectivity (Type Ill)

In Type lll projects, the study area will likely include centroids representing traffic analysis zones
(TAZs) in a travel demand model. The TAZs may cover large areas with multiple access points
between the streets included in the simulation network and those inside the TAZ but that are not
included in the network. In this case, close coordination with the analysts applying the SDE will be
required, and that coordination may entail division of TAZs into smaller zones (e.g., micro-analysis
zones, or MAZs) in order to improve the model’s calibration with counts.

However, even if TAZs from a travel demand model are not part of the O-D development process,
it may be necessary to choose between (1) treating multiple access points (e.g., driveways) to the
same land use as independent origins and destinations or (2) whether centroids are used to represent
a singular origin and destination for the land use and are connected to multiple access points. Such
considerations, summarized in Table 7-9, must be made prior to commencing O-D matrix
development so that the necessary changes (i.e., addition of centroids and centroid connectors) can
be made to the road network.
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Table 7-9. Traffic Analysis Zone Connectivity for O-D Matrix Development

Treatment of

Origins/Destinations Inside
the Study Area Factors to Consider

This treatment is necessary if either of the following is true:
= The volumes simulated at each access point are important to operations, or

Every driveway accessing the = The volumes simulated at each access point is important to the alternatives to be
site is treated as a separate analyzed

origin/destination.

Increasing the number of rows and columns in the matrix consequently increases the degree
of difficulty at the model calibration and validation stages, whether ODME is used or not.

This treatment is necessary when you want to analyze the routes drivers will take to access
the site when alternatives alter the paths that may be used to access the site.

Centroids represent a site
and connect to the multitude
of driveways that access the
site.

Using centroids that connect to multiple access points introduces a route choice dimension
to the model, for which TransModeler SE is only appropriate if the most direct routes to or
from the site are the only ones that drivers take or are the routes predominantly chosen.

This treatment requires TransModeler if the purpose of the analysis is to model the impacts
of congestion on alternative routes on the choices drivers make.

7.2.3 Specifying the Vehicle Fleet Mix

The proportion of passenger cars, trucks, and buses that are simulated (i.e., the vehicle fleet mix)
is defined globally for all trips (Simulation > Parameters > Vehicle Fleet > Classification > Class)
by default but can be customized in two ways:

1. By matrix (for O-D matrices only)
2. By origin using Local Loading Parameters

Properly considering and specifying the vehicle fleet mix is an important model development step
that should be taken in every project and that has important downstream implications for model
calibration and validation. Whether defined globally (typically only on smaller projects without a
significant variance in truck percentage between segments), by matrix, or by origin, ODOT
recommends the following five vehicle classes to be used (unless site-specific characteristics
require a different distribution): Car Low MPR, Car Mid MPR, Car High MPR, Pickup/SUV, and
Trailer Truck. Depending on the Trailer Truck percentage, the remaining four Vehicle Classes will
need to be adjusted per Table 7-10.

See Appendix G, Supplemental Exhibit 7.2.3A for additional guidance on applying the Vehicle Fleet
Mix.
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Table 7-10. Vehicle Class Distributions

Car Low MPR Car Mid MPR Car High MPR Pickup/SUV Trailer Truck
30% 40% 20% 10% 0%
30% 40% 19% 10% 1%
30% 39% 19% 10% 2%
30% 38% 19% 10% 3%
29% 38% 19% 10% 4%
29% 38% 18% 10% 5%
29% 37% 18% 10% 6%
28% 37% 18% 10% 7%
28% 36% 18% 10% 8%
27% 36% 18% 10% 9%
27% 36% 18% 9% 10%
27% 36% 17% 9% 11%
27% 35% 17% 9% 12%
27% 34% 17% 9% 13%
26% 34% 17% 9% 14%
26% 33% 17% 9% 15%
26% 33% 16% 9% 16%
25% 33% 16% 9% 17%
25% 32% 16% 9% 18%
24% 32% 16% 9% 19%
24% 32% 16% 8% 20%
24% 31% 16% 8% 21%
24% 31% 15% 8% 22%
24% 30% 15% 8% 23%
23% 30% 15% 8% 24%
23% 30% 14% 8% 25%
23% 29% 14% 8% 26%
22% 29% 14% 8% 27%
22% 28% 14% 8% 28%
22% 28% 14% 7% 29%
21% 28% 14% 7% 30%
21% 28% 13% 7% 31%
21% 27% 13% 7% 32%
21% 26% 13% 7% 33%
20% 26% 13% 7% 34%
20% 26% 12% 7% 35%
20% 25% 12% 7% 36%
19% 25% 12% 7% 37%
19% 24% 12% 7% 38%
19% 24% 12% 6% 39%
18% 24% 12% 6% 40%
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7.2.3.1 Varying Vehicle Fleet Mix by Origin and Destination

A well-calibrated, well-validated model may hinge on simulating classes of vehicles having different
spatial (i.e., O-D) demand patterns. For example, heavy vehicles may have a distinctly different O-
D pattern favoring interstate over local street origins and destinations, or heavy vehicles may be
concentrated at origins and destinations near industrial land uses.

To vary the vehicle fleet mix by matrix, the total demand can be divided into separate O-D matrix
files for each vehicle class. The vehicle class can be defined in the Vehicle Class column on the
Contents tab in the Trip Matrix Settings. When no vehicle class is specified for a matrix in the Trip
Matrix Settings, the vehicle class for every trip in the matrix will be determined by the global
vehicle fleet parameters, which can be reviewed or edited by choosing Edit Vehicle Classes from
the EDIT PARAMETERS drop-down. When the simulation is started, TransModeler will combine all
the input matrices to calculate total demand.

The differences between O-D patterns are then expressed in the volumes themselves, where each
cell in the matrix contains a value representing the number of vehicles of the specified class
traveling from the origin represented by row to the destination represented by the column.

7.2.3.2 Varying Vehicle Fleet Mix by Origin with Local Loading Parameters

Whether specifying demand by turning volumes or by O-D matrices, the vehicle fleet mix defined in
the model parameters can be overridden at the origin using Local Loading Parameters that define
customized fleet mix percentages applied to each desired origin (Help: Local Loading Parameters).
For example, at a driveway serving a warehouse, the fleet mix might have a higher proportion of
trucks than the rest of the network. You can define a fleet mix with a higher percentage of trucks
and use that fleet mix at the driveway.

If those trucks also happen to depart on a known schedule (e.g., a surge of incoming or outgoing
truck traffic at a warehouse, manufacturing plant, or other industrial land use), you can also define
a local departure time distribution (i.e., what proportion of vehicles depart in which period) using
Local Loading Parameters.

The Local Loading Parameters should be applied to nodes if turning volumes are used to specify the
demand or if the origins of the trips whose fleet mix or time distribution you want to vary are nodes.
If the origins of trips whose fleet mix or time distribution you want to vary are centroids, then the
parameters should be applied to centroids.

Setting up local loading parameters is a three-step process:

1. Define the distribution(s): Tools > Local Loading Parameters > Edit Distributions

i. Add a new Vehicle Class Distribution

ii. Specify the Vehicle Classes to be included, and the associated Percentage for each one.

iii. Add a new Trip Departure Time Distribution

iv. Specific the Start Time of each time interval, and the associated Scaling Factor for each
one

2. Apply the distribution(s): Tools > Local Loading Parameters > Apply Distributions
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i. Add new fields to the Centroids and/or Nodes layer (depending on the how your
demand inputs are defined) for each type of local loading parameter distribution
defined in Step 1

3. Specify feature(s) to which the distribution(s) apply

i. Choose Nodes or Centroids as the active layer

ii. Open a Dataview table

iii. Navigate to the newly-added field(s) describing the type(s) of loading parameter
distribution defined in Step 1

iv. Select the user-defined name of the field(s) from the drop-down list in the cells
associated with each record (Node or Centroid) to which the distribution will apply
in the simulation

7.2.4 Boundary Conditions
7.2.4.1  Geographic Boundary Conditions: Scoping the Study Area

Between the ODOT Project Development Process (PDP) Section 7 and the ODOT SDE Manual, there
is ample guidance for establishing the simulation study area boundaries, and that guidance will not
be repeated here. The simulation study area that will be simulated in TransModeler should be
decided in consultation with ODOT staff during Traffic Early Coordination meetings and, if ODME
will be used to develop O-D matrices, in accord with the SDE process. To put it succinctly, it should
encompass all areas that will be impacted significantly by any of the project alternatives, including
the facility under study and parts of parallel and adjacent facilities.

Once the study area and input demand are reasonably well established in TransModeler, basic checks
on the suitability of the study area for microsimulation analysis should be made. The most basic
check that should be performed is that traffic is not “denied entry” to the network in significant
numbers for significant lengths of time. If queues on external links—those on the boundary of the
study area—spill back to the boundary of the study area, preventing trips from entering the network
and causing them to be held in a virtual queue outside the network, then the delays and queue
lengths will be underreported and may skew the analysis.

Queues outside the network are easy to detect and to monitor in TransModeler: the number of
Queued Trips anywhere in the network at any point during the simulation is displayed in the
Simulation tab on the TransModeler Sidebar (see Section 7.3.2.1). Delays experienced by vehicles
still queued outside the network when the simulation ends will also be reported in the Trip Statistics
report (see Section 7.4.2.1). When trips are queued outside the network, you can determine the
number queued outside the network on any link in the Queue_AB and Queue_BA fields in the Links
dataview. To find the links with the longest virtual queues and to begin to investigate the cause, do
the following:

Pause the simulation.

Make Links the working layer.

Click New Dataview [Z] to open the Links dataview.

Scroll right to locate the Queue_AB and Queue_BA fields.

Right-click the field name to highlight the column and choose Sort Decreasing.

Right-click in a cell having a high number of queued trips and click Zoom. TransModeler will

ocuphwbbe
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center the map on the link.

The model inputs, including but not limited to the demand and signal timings, should be reviewed
to make sure they are correct. If the inputs are deemed to be correct, attempts should be made to
determine whether the queuing in the model is an accurate reflection of the field condition. The
link should be extended up to, but not beyond, the nearest upstream intersection not represented
in the model. If doing so allows for the link to successfully contain the longest queue during
simulation (i.e., the number of queued trips in the Queue_AB or Queue_BA field remains close to
zero for most of the simulation), then the problem is solved. Otherwise, in consultation with the
ODOT Project Manager, consideration should be given to extending the network to include the next
upstream intersection until the study area can contain the full length of the queue for most of the
simulation. In this case, the O-D matrices must be revised to incorporate the added boundary nodes
adjacent to the added intersection(s).

Build and future-year scenarios should also be monitored for queuing outside the network.
If queues come close to extending outside the network in the model of existing conditions,
then the study area should be extended in anticipation of longer queues in future years.

7.2.4.2 Temporal Boundary Conditions: Scoping the Analysis Period

Most simulation analyses will encompass at least some portion of the analysis period during which
traffic conditions will be oversaturated. The FHWA Traffic Analysis Toolbox: Volume Il (page 7)
states:

“The geographic and temporal scopes of a microsimulation model should be
sufficient to completely encompass all of the traffic congestion present in
the primary influence area of the project during the target analysis period
(current or future).”

In other words, the duration of the analysis period should include time periods before and after the
period of oversaturated conditions, when conditions are not oversaturated. Using this criterion, if
the analysis period is determined to be longer than one hour, it is recommended that the model
input traffic demand be partitioned in 15-minute intervals, with at least one beginning and ending
15-minute interval in which demand is less than the capacity.

hour, our requirement is that all traffic analysis be conducted as a one hour period. To
account for potential oversaturated conditions, a 15-minute warm up period should be used
for the analysis.

@ While ODOT recognizes the potential benefits of evaluating analysis periods longer than one

The following steps must be taken to account for the warmup period T:
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1. The analysis period in the Project Settings to start T minutes prior to the time period in
which output data will be collected in order to simulate the warmup period.
2. The demand inputs should define demand for the warmup period (Table 7-11).

Table 7-11. Steps to Adjust Demand Inputs for the Warmup Period

If the Demand is: Do the Following:

Hourly Turning Volumes No change is needed

Click Project Settings %% on the Simulation tab on the TransModeler Sidebar, highlight the

O-D matrix on the Input tab, and click Trip Table Settings EE. Then, on the Setup tab,
change the Start Time to be the start time of the warmup period (e.g., 15 minutes prior to
the start time of the analysis period) and on the Options tab, uncheck Volumes are hourly.
Single Hour O-D Matrices Lastly, on the Curve tab, make sure the number of intervals includes an interval for the
warmup period and that the Sum of the percentages is equal to 100% (the volume in the
matrix to be simulated during the analysis period) plus the percentage of the total analysis
period that should be simulated during the warmup period (Figure 7-40). That % would
typically be equal to or less than the percentage to be simulated in the first interval during
the analysis period.

Trip Matrix Settings ? >

Setup Contents Curve  Options

Percentage of Dernand Departing in Each Interval

20.00

J)

Percentage (%)

07:45:00 Time 09:00:00

Intervals || 5 = [+] Uniform Length Sum | 120.00% Re-zcale Import...
g P

Cancel

Figure 7-40. Example of a Curve-Based Multi-Period O-D Matrix

When ODME is to develop O-D matrices per the ODOT SDE methodology, a separate 15-minute O-D
matrix representing a warmup period will generally be produced along with an O-D matrix for the
analysis period.
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7.3 Calibration and Validation

Calibration and validation of TransModeler analysis to field-measured local traffic conditions
will only be used for Complex Type projects.

Calibration is the process of identifying a full set of model inputs and parameters such that the
model’s outputs match measured field data. This is a way of demonstrating that the model is a
reasonably accurate representation of observed conditions.

Validation is the act of proving or corroborating, usually with a second data source or dataset, that
the calibrated model can also provide realistic results under different input data/scenarios. This
ensures a more robust model with realistic internal mechanics, that is less likely to be over-fit to
just one dataset. The purpose of calibration and validation is to build confidence in the model as a
useful predictor of operations that are likely to result from a condition that cannot be observed,
such as after a capital improvement or a change in land use or demand pattern. A classic example
of a well-calibrated but poorly validated model is one of a freeway segment in which the volume
matches the count well but on the incorrect side of the fundamental diagram. For example, take
volume V, in Figure 7-41, which can be observed in two entirely different traffic flow regimes: one
(Us) stable and the other (Us) unstable.

Speed
Speed

|
Va
Density Volume

Figure 7-41. Fundamental Diagram of Traffic and Speed-Flow Curve

This example underscores the need not only for validation but for the validation metric to speak to
the operating condition. Hence, in simulation projects performed using TransModeler for ODOT,
calibration should be based upon counts and validation on one of the following measures of
performance:

1. Speeds, which are available from INRIX through ODOT for some facilities.
. Travel times, which can be collected from GPS-equipped probe vehicles.
3. Queue counts, which may be available through ODOT (see Section 2.4.4 in Volume 2 of the
Ohio Traffic Forecasting Manual).
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Figure 7-42 illustrates a general calibration and validation process with count-based calibration and
speed-based validation. The steps enclosed in the SDE box could be substituted for any O-D matrix
development process, including one based on design traffic or StreetLight for a Type Il project.

The iteration between Demand Adjustment and Simulation, however, will rely on traffic simulation
expertise and experience. Subarea extraction, ODME, StreetLight, and other methods for developing
0O-D matrices are automated, but none guarantee a model that validates well to field observations
(e.g., speeds or travel times). All O-D development methods have their respective weaknesses, not
least of which are error or inconsistency or insufficiency in the field measurements (typically counts)
on which they rely, and hence may require help from the analyst to scrutinize the O-D volumes and
to make manual adjustments to the volumes in the matrices directly or to identify the error,
inconsistency, or insufficiency in the original data and retry the O-D development method.
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Figure 7-42. A General Calibration and Validation Process

This guidance highlights the tools that are available in TransModeler for calibrating and validating
and best practices for their application.

7.3.1 Familiarize with Existing Conditions

The first step in model calibration and validation can be taken prior to any model development, and
that is to become familiar with the existing operating conditions in the field. Model development
and calibration and validation efforts should be preceded and supplemented by a field review to
observe roadway geometry, traffic control, traffic flow, and operations. In the event a site visit is
impractical or not cost-effective, video should be obtained if it is available or consultation should
be had with people (e.g., ODOT District, MPO, or City staff) having local knowledge of operating
conditions.
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A key objective of any field review or consultation should be to identify any unique situations or
conditions that may not be evident in conventional data sources such as count and speed
measurements. These may include, for example, bottlenecks that are the result of site distance or
sun glare. In lieu, or in support, of first- or second-hand knowledge or video footage, online mapping
resources such as Google Maps, which can give travel time predictions and provide maps of current
travel conditions, which may reveal useful information about congestion patterns and bottleneck
locations. Resources such as Google Street View may also prove a valuable resource for identifying
geometric or site-distance issues that may help to better understand operations in existing
conditions.

Part of the process of becoming familiar with existing conditions should be taking stock, in
consultation with ODOT, of all available traffic count, queue length, or other data and identifying
what role, if any, they will play in the model’s calibration and validation. Traffic count data may
need to be collected. For guidance on traffic count data collection, refer to ODOT’s SDE manual.

7.3.2 Visually Audit the Model

When a familiarity with existing conditions has been established and the basic model inputs have
been developed, the model is ready for a visual audit, the first of several steps in the calibration
and validation process. A visual audit entails careful and critical visual inspection of the simulation
to ensure that the model comports with expectations. This guidance discusses various visual cues
you should look for during your visual audit. It is not enough simply to resolve error and warning
messages produced by TransModeler. The model may still have errors or defects in inputs that are
not detectable without visual inspection. You should be watchful for unusual driver behaviors, or
behaviors that do not accurately reflect field observations.

7.3.2.1 What to Watch For

The quantitative techniques described below will help you quickly identify issues in the model that
may require correction or, at a minimum, review and affirmation.

Bottleneck Formation

Informed by a familiarity with existing conditions (see Section 7.3.1), an audit of the model should
seek to answer the basic question whether bottlenecks known to exist in the field form where and
when they are expected. Similarly, do bottlenecks form in the model where they are not observed
in the field? To help you visualize bottlenecks and to make quick comparisons between simulated
and measured speeds if you have them, you can color-code vehicles based on their current speed:

1. Make Vehicles the working layer.
2. Click Layer Color Theme = on the main toolbar.

3. Choose Speed from the Based on Values of drop-down list.
4. Click OK.

Vehicles Queued Outside the Network

When an intersection at the downstream end of an external link is congested, vehicles may queue
to the boundary and spill outside the network (see Section 7.2.4.2). The number of trips queued
outside the network at any given time during a simulation can be found on the Simulation tab on
the TransModeler Sidebar. Alongside the Queued Trips are other vehicle counts that are
continuously updated during simulation and may help to inform your visual audit (Figure 7-43).
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Once the simulation has finished, you can create a Trip Statistics report to identify the number of
trips that were still queued, or unserved, when the simulation ended.
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Figure 7-43. Reporting of Numbers of Queued Trips Outside the Network in TransModeler

The Queue_AB and Queue_BA fields in the Links dataview also keep a running tally during simulation
of the number of vehicles queued outside the network on every link (see Section 7.2.4.2). Your
audit should include review of the signal timing inputs, driver behaviors (e.g., lane utilization), and
demand.

Vehicles Missing Turning Movements

A visual audit should also include monitoring of the number of Missed Trips on the Simulation tab
on the TransModeler Sidebar. These are the number of instances in which vehicles have missed a
turn they intended to make and could not find an alternative path to the original destination link.
The most common cause of this is a very long queue in the lane a vehicle must be in to make a turn
or exit. A vehicle may pass the back of queue in an adjacent lane and fail to change lanes before
reaching the end of the link. A table summarizing all missed turning movements, even those in which
vehicles were able to find an alternative path to their destination link after missing the turn, is
automatically created every simulation and can be reviewed when the simulation is finished. After
a simulation, choose Simulation > Logging > Browse Log of Missed Turns. You may restart the
simulation and observe the locations with the highest numbers of missed turns and attempt to
identify a cause.

High Control Delays

During simulation, the Control Delay field in the Vehicles dataview continuously updates to reflect
the control delay currently experienced by a vehicle approaching a queue or in queue at a controlled
intersection. To find vehicles with very high control delays and inspect the simulation for the validity
of the delays, do the following:

1. Pause the simulation.
2. Make Vehicles the working layer.
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3. Click New Dataview [} to open the Vehicles dataview.
4. Scroll right to locate the Control Delay field.
5. Right-click the field name to highlight the column and choose Sort Decreasing.
6. Right-click in a cell having a high delay value and click Zoom. TransModeler will center the

map on the vehicle.
You may also color-code vehicles based on control delay:

Make Vehicles the working layer.

Click Layer Color Theme = on the main toolbar.

Click More Options.

Choose Control Delay from the Field drop-down list.

On the Styles tab, choose Color Set (e.g., From green to red) that conveys control delay
varying from low to high.

6. Click OK.

ghRwNe

Unbalanced Lane Utilization or Bottlenecks at Lane Drops

Other symptoms that might indicate omissions or errors in the model specification can only be
uncovered by close observation of queuing patterns during simulation. In other words, the simulation
model must past the “eye test.” This is particularly important if the project is of high interest to
the public and may be shown at a public meeting. Common errant behaviors that fall into this
category may be unbalanced lane utilization at intersections or bottlenecks forming at lane drops.
Such phenomena may be a perfectly realistic reflection of operations in the field but should be
checked against knowledge of existing conditions if they have serious operational implications.

Problems of lane utilization and queuing at lane drops can both potentially be treated by adjusting
the lane connectivity bias parameter (see Section 7.1.3.3), however, they can also be a symptom
of the demand pattern, which should also be reviewed. For instance, unbalanced lane utilization
may be due to large numbers of vehicles making a right turn very shortly following a left turn,
causing them to favor the right lane of a dual left turn bay. You can visualize the path every vehicle
is taking by using the View Vehicle Path tool & on the Simulation tab on the TransModeler Sidebar
and clicking on a vehicle in the map.

Another technique that will help to make sense of the lane utilization behaviors observed in the
simulation model is to color-code the vehicles based on the next turn they will make:

Make Vehicles the working layer.

Click Layer Color Theme = on the main toolbar.

Click More Options.

Choose Next Turn from the Field drop-down list.

On the Styles tab, choose a set of colors to help distinguish between left turners (“L”),
through vehicles (“T”), and right-turners (“R”).

6. Click OK.

P

7.3.3 Check Count Data for Consistency

Ideally, the full set of traffic counts would be measured simultaneously (i.e. on the same day) across
the study area. This would ensure that all of the data were generated by the same underlying
demand pattern. Realistically, however, budget and resource constraints may dictate that the
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dataset be assembled from subsets of observations spanning multiple days. These measurement days
may be spread throughout the year, and even across more than one year. In addition, any traffic
detector malfunction or human error during the count will lead to inconsistencies in the calibration
and validation data.

Since an error-free dataset is unlikely in practice, basic checks are advisable to ease the calibration
process and increase the probability of solving for plausible model inputs. We will discuss some of
these checks here.

When multiple traffic counts are available for the same road segment, a single realistic value must
be selected for inclusion in the calibration dataset. The use of more than one count per segment
can lead to biased assessments of goodness of fit, regardless of whether these counts are similar to
each other or otherwise. It is also generally a good idea to verify if the counts are consistent with
the capacities that may be expected at each location. Formula fields may be used in a dataview in
TransModeler to quickly compare counts against the number of lanes multiplied by an assumed
maximum flow rate per lane to highlight potential problem areas where counts exceed capacity
(Help: Doing Calculations with Data). Such occurrences could point to measurement errors, network
coding errors (e.g. the number of lanes), or incorrect count data entry. A common issue encountered
in practice is the count being placed on the wrong side of the street, or on a nearby parallel street.

It is recommended that traffic counts be spot-checked for spatial and temporal consistency in the
vicinity of each count location. The counts should be reviewed to ensure that they are balanced at
all segments between intersections in the corridor, in both directions. Because sparse count
coverage is likely the norm, qualitative assessments may be conducted in the absence of counts on
certain segments. For example, Figure 7-44 illustrates an infeasible pair of counts even if the
unobserved off-ramp count were zero. Because traffic simulation implicitly enforces flow
conservation, it will never be able to replicate the counts shown here. The selection tools and map
labeling features in TransModeler can assist in the count review process. Maintaining a selection set
of segments that have counts labeling the segments with their traffic count values, for example,
will assist in the visual inspection of the network, allowing you to more quickly identify anomalies.
To label segments with their counts, make Segments the working layer in the map, click Labels <]
on the main toolbar, choose the fields containing the counts from the Field drop-down list, choose
the desired font settings, and click OK.
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Figure 7-44. Spot Checking for Consistency Between Counts

7.3.3.1 Analyzing data from multiple days

When full datasets from multiple days are available, care must be taken to identify a day that is
relatively free of extreme perturbations such as severe weather, major special events and serious
accidents. These external factors may not be considered normal and hence should not be included
in the calibration of the base case. Such outliers are better suited for scenario analysis or a
segmentation of the model. If special events or weather effects are pronounced and frequent in the
study region, a separate calibrated model for each such situation may be warranted since the
underlying demand and behavioral patterns could vary significantly from regular days.

Traffic data from short- and medium-duration accidents may also serve as good validation scenarios
under near-regular demand conditions but with network capacity disruptions.

7.3.4 Calculate Goodness of Fit

7.3.4.1 Calibration: How to Compare Segment and Turning Volumes to Counts

When the model has passed a visual audit, it is ready for calibration. As a matter of routine in any
microsimulation analysis, simulated volumes should be compared with traffic counts. For a host of
reasons, the simulated volumes may not compare well to counts, even when turning movement
counts are used directly to specify the input demand (see Section 7.2.1.1 for some of the reasons
for this) or when O-D matrices producing a good fit with the count data during the ODME process
are used (see Section 7.2.2.4 for some of the reasons for this). To compare simulated volumes to
field counts, there are three steps:

1. Ensure field counts are available in TransModeler.

If comparing turning movement volumes, make sure a turning movement table containing
counts is available (Section 7.2.1.2). If comparing segment volumes, such as directional
counts from tubes or other device, make sure segment counts are available in fields in the
Segments dataview. If counts are not already in the Segments dataview, add new fields to
the Segments dataview and fill them with count data (Section 7.1.9).
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2. Produce simulated volumes.

Check Report Aggregate Volumes in Simulation Settings before running a simulation. Choose
the period length matching that of the counts from the Interval drop-down list (Help:
Running a Simulation). Checking Report Aggregate Volumes will produce two output tables
based on the simulation: Segment Volumes & Speeds and Turning Movement Volumes. Start
a simulation and enter the desired file names for the tables.

3. Join the simulated volumes to the count table or dataview.

After the simulation is complete, choose File > Open to open the Segment Volumes & Speeds
table if comparing segment volumes or open the Turning Movement Volumes table if
comparing turning movement volumes. Right-click on the dataview and choose Join. If
comparing segment volumes, choose Join any table to a map layer and join the Segment
Volumes & Speeds table to the Segments layer bases on ID. If comparing turning movement
volumes, choose Join turning movement tables, navigate to the field counts table to open
it, and choose whether you want the counts or simulated volumes on the left or right side
of the join.

After Steps 1-3 above, the tables containing the counts and the simulated volumes are joined
together in a single dataview. The fields in the output segment volume table will begin with
“AB_Vol_” and “BA_Vol_,” and fields named “AB_Vol” and “BA_Vol” will contain the volumes
summed across all periods. Similarly, the fields in the output turning volume table will begin with
“Vol_,” and “Vol” will contain the count summed across all periods.
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Choose one of the following options for comparing
the volumes:

1. Label the segments with the values from
multiple fields to see both the count and
simulated volume alongside the segment in
the map. Make Segments the working
layer, click Labels <! on the main toolbar,
and choose Multiple Fields in the Field
drop-down list to label the segments
(Help: Creating Labels). Figure 7-45
provides an example of segments labeled
with counts and simulated volumes.

2. Display the turning movement data in the
map so you can see both the counts and
simulated volumes side by side. On the
Intersections tab on the TransModeler
Sidebar, two Data Fields can be. Choose
the turning movement count field from one
drop-down list and the field containing the
simulated volumes from the other. The
values in the second field will be displayed
in parentheses. Figure 7-46 provides an
example of an intersection displaying
counts and simulated turning movement
volumes.

Figure 7-45. Mapped Field Counts and
Simulated Segment Volumes Example

3. Create a scatter plot of simulated volumes
and counts that includes calculated
goodness-of-fit measures, such as the
slope and intercept of the regression
equation, R? value, and the relative root  Figure 7-46. Mapped Field Counts and
mean square error (%RMSE) by choosing Simulated Turning Movement Volumes
Tools > Calibration/Validation > Scatter = Example
Plot (Help: Scatter Plots).

4. Calculate goodness-of-fit measures including %RMSE and the percentage of simulated
volumes within a desired percentage error of counts by choosing Tools >
Calibration/Validation > Goodness-of-Fit Statistics (Help: Calculating Goodness-of-Fit
Statistics).

5. Export the table to Excel and use Excel to do the goodness-of-fit analysis. Right-click in the
dataview, choose Save Dataview As, and choose Excel from the Save as type drop-down list.

A model well-calibrated to counts will satisfy all the following targets:

= 85% of the peak-hour counts in the study area should be matched by peak-hour simulated
volumes with an error less than or equal to 15% (the 85/15 rule).
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= The slope of the regression line should be close to 1; specifically, not less than 0.95 and not
greater than 1.05.

= The intercept of the regression line should be close to zero; specifically, an absolute value
less than 10.

While the 85/15 rule can be confirmed with formula fields and selection sets in the dataview (e.g.,
by dividing the simulated volume by the count), you may find it simpler to do in Excel. The purpose
of the second and third criteria are to ensure that there is no clear bias toward underestimation or
overestimation in the 85/15 rule. For instance, a model may satisfy the 85/15 rule but with a slope
closer to 0.85 than to 1.0, which would indicate a model that is systematically low relative to the
counts and that may thus underestimate delay and other measures of congestion. A slope near 1
and intercept near 0 will ensure that no such bias exists.

%RMSE is another useful statistic that will clearly quantify the model’s fit to the data and facilitate
the monitoring/assessment of calibration progress.

7.3.4.2 Validation: How to Produce Simulated Travel Time Outputs

When a good fit between simulated volumes and counts is achieved, the model is ready for
validation. Validation is like calibration in that simulated outputs should be compared with observed
data, only that data should be a different and independent set of measurements from than the
counts against which the model was calibrated. Unless otherwise indicated by ODOT, validation
should entail comparison of simulated speeds, travel times, or queue lengths with speeds, travel
times, or queue lengths measured in the field.

To compare simulated with observed speeds, click Project Settings * on the Simulation tab on the
TransModeler Sidebar and choose to collect Flow & Travel Time data on the Output tab. After
running a simulation, create a Segment Statistics report or table using the tools on the Output tab
on the TransModeler Sidebar.

To compare simulated with observed travel times, there are three options:

1. If the observed travel time data include measurements between boundaries of the study
area (i.e., between the origins and destinations of trips in the model), then choose to collect
Trip Statistics on the Output tab in Project Settings, run a batch simulation, and create a
Trip Statistics O-D Matrix using the tools on the Output tab on the TransModeler Sidebar
(Section 7.4.2.1).

2. If the travel time data is for a specific corridor in the study area, then create selection sets
of the links making up the corridor, choose the selection sets by clicking on Choose
Corridors/Urban Streets on the Output tab on the TransModeler Sidebar (Help: Defining
Urban Streets and Corridors for Output Data Reporting), and choose to collect Flow & Travel
Time output on the Output tab in Project Settings. After running a batch simulation, create
a Corridor Travel Time report in the Qutput tab (Help: Flow & Travel Time Reports).

3. If the travel time data are between specific locations within the study area (e.g., based on
probe vehicle trips), such as ramp-to-ramp travel times, then add sensors to mark the
starting and ending points of the measurements using the Add Sensor tool #% . In the Edit
Sensor Properties dialog box, choose Vehicle-to-Roadside Communication Data for each
sensor station, and choose to collect VRC Sensor Data output on the Output tab in Project
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Settings. After running a batch simulation, create a VRC Sensor Matrix using the tools on
the Output tab on the TransModeler Sidebar (Help: VRC Sensor Reports).

To compare simulated with observed queue lengths, click Project Settings ® on the Simulation tab
on the TransModeler Sidebar and choose to collect Lane Queue data on the Output tab. After
running a simulation, create a Lane Queue report or table using the tools on the Output tab on the
TransModeler Sidebar.

7.3.4.3 Calibration Parameters by Facility Type

There are numerous parameters that can be used to calibrate a TransModeler simulation model and
these vary by facility type. Table 7-12 provides a list of calibration parameters, the corresponding
TransModeler measure of effectiveness, and the observed or measured field data element with
which the MOE can be compared. In theory, the more calibration parameters that can be used, the
better the calibrated model will be.
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Table 7-12. Recommended TransModeler Calibration Parameters

| Facility Type

Freeways/Multilane
Highways

Two-Lane Highways

Signalized
Intersections

Ramp
Terminals/Alternati
ve Intersections

Unsignalized
Intersections/
Roundabouts
"Under low demand

Calibration Parameter
Free-Flow Speed

TransModeler MOE
Average Speed'

Field Data Element
Observed Average Speed’

Congested Speed

Average Speed

Observed Average Speed

Lane Volume

Flow?

Directional Count

Free-Flow Speed

Average Speed!

Observed Average Speed’

Congested Speed

Average Speed

Observed Average Speed

Back of Queue

95th-Percentile Queue3

Back-of-queue*

Turning Volume

Flow

Turning Movement Count

Lane Utilization

Flow3

Lane Volume

Average Phase Duration

Average Phase Duration®

Average Phase Duration

Saturation Flow Rate Flow? Saturation Flow?

RTOR RTOR Flow?® RTOR Count
Origin-Destination Traffic O-D Flows O-D observations/estimates
Demand

Lane Utilization Flow3 Lane Volume

Back of Queue

95th-Percentile Queue’

Back of Queue

Lane Utilization

Flow3

Lane Volume

2Sensor-based volumes

3Lane-based
4Cycle-by-Cycle
5For "loaded" cycles

6To be included in a future version of TransModeler

7.3.5 Addressing Problems in Visual Audit or Goodness of Fit
7.3.5.1 Revisit and Review the Demand

When a traffic simulation model does not compare favorably with conditions observed in the field,
the most common response is to first adjust model parameters to induce the desired outcome.
However, before any model parameters are adjusted, you should first scrutinize the demand inputs,
since demand inputs vary from one region to the next and generally cannot be measured directly.
TransModeler’s default model parameters, on the other hand, are typically drawn from peer-
reviewed and published literature that describes the data collection efforts and model estimation
methodologies employed. Modifying model parameters first often undercuts the model’s credibility
as well as its ability to serve as a reliable arbiter of the relative benefits of proposed alternatives.
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For a variety of reasons, a great many of which are described in Section 7.2 of this guidance,
measuring unmet demand in the field is fraught with challenges. All data collected in the field are
susceptible to error and should not be taken on faith. Thus, counts and the demand inputs they
inform should be reviewed with a skeptical eye and always against the backdrop of knowledge of
existing conditions (Section 7.3.1) before any changes to model parameters are considered. Neither
a good fit with counts in the ODME process nor demand specification based directly on turning
movement counts is a guarantee that the demand inputs are an accurate representation of traffic
patterns.

There will be situations when it is impossible to verify traffic counts or demand inputs with complete
confidence. Once every effort within reason has been made to verify the counts and demand inputs,
the second course of action should be to set up an analysis of the site in question (i.e., a signalized
intersection approach or weaving section where the simulated performance does not compare well
with observations) in HCS with equivalent demand inputs. The HCM methods implemented in HCS
are, like all analytical tools, also not without faults but are generally grounded in empirical evidence
and scrutinized by knowledgeable engineers and researchers. If an HCS analysis corroborates the
simulation result, further adjustment of the demand inputs should be attempted until the simulation
model, HCS analysis, and field observations are in reasonable agreement.

Only when the steps described above have been exhausted should you resort to adjusting driver
behavior parameters. The exception to this is when the parameter adjustments are motivated by
efforts to capture circumstances that are not explicitly captured in a traffic simulation model, such
as the effect of sight distance or sun glare on following headways or speeds.

7.3.5.2 Driver Behavior Parameters You May Consider Adjusting

If, during a visual audit of the simulation, the operations do not compare well with observed
operations in the field, there are a variety of driver behavior parameters that can be adjusted.
Parameters adjusted in the Driver Behavior menu (Simulation > Parameters > Driver Behavior)
affect the model globally. Local Parameters, which will override global values at specific locations,
can be created for some parameters by placing a parameter marker at the location where the change
in behavior is desired and another parameter marker at the location where the change in behavior
should cease (Help: Local Parameters). The starting parameter marker should be placed far enough
upstream so that drivers have enough time to adjust to the change in parameter value after passing
the marker.

The potential driver behavior adjustments, where they can be found in TransModeler, their impacts,
and whether a local parameter is available are summarized by desired adjustment in Table 7-13. If
any driver behavior parameters are adjusted, the adjustment and rationale for the adjustment
should be documented.

Driver behavior parameters that are applied globally (i.e., they are not adjusted locally using local
parameter markers) can be assumed to apply equally in future years. Lacking any evidence on which
to base any assertions about how drivers will behave differently in the future, the assumption is
that driver behavior will not change in any substantive way. For instance, headway buffers adjusted
to match observed saturation flow rates in the study area can be assumed to hold in future years if
justified based on conditions observed under existing conditions. However, occasionally parameters
may be adjusted locally to account for driver responses to location-specific geometric factors that
are not captured generically by the driver behavior models. Examples of this include adjustments
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to lane connector connectivity bias to achieve an observed lane utilization at a signalized
intersection. Those bias values may not hold in alternative geometric configurations.

All local parameters that were adjusted in the calibration to existing conditions should be
critically examined in build scenarios and, if retained in the build model, should be
supported by documentation justifying their retention.

Table 7-13. Summary of Potential Driver Behavior Parameter Adjustments

Desired Adjustment Parameter to Adjust Impact of Increasing the Value Local?
Saturation Flow Rate or Slmulgtwn > Parame@ers > Driver Reduces Saturation Flow Rate or
. Behavior > Acceleration > Headway . Yes
Capacity Capacity
Buffers
Connectivity Bias attribute in the Lanes Increas.es the .propor't i
: that will consider using that lane No
layer (Section 7.1.3.3)
connector
Lane Utilization Simulation > Parameters > Driver Increases the distance at which the
Behavior > Lane Changing > Mandatory connectivity bias begins to affect No
(MLC) > Look Ahead > Initiation of Lane  the mandatory lane changing
Connector Bias > Response distance decision
. : . Increases the distance at which a
Simulation > Parameters > Driver .
. . - vehicle must execute mandatory
Lane Changing Behavior > Lane Changing > Mandatory ; Yes
.y . lane changing maneuvers to stay on
(MLC) > Critical Distance > General Fleet .
its connected path
Queue lengths and Simulation > Parameters > Driver Increases the gaps vehicle require
(CEVIEIRAYCRYZVAS G o} Behavior > Merging, Crossing, and before making a merging or crossing Yes
or permitted lefts Yielding > Headway Thresholds maneuver
simulation > Parameters > Driver Increases the gaps vehicle require
Behavior > Roundabouts > Headway - 8ap q Yes
before entering the roundabout
Thresholds
Increases the proportion of vehicles
that will consider using the lane
connector that connects to that
Roundabouts Simulation > Parameters > Driver circulating lane. Ensure that this
Behavior > Roundabouts > Circulating setting is set to correctly simulate Yes

Lane Preferences (for multi-lane the lane utilization on a roundabout

roundabouts) approach. This is especially
important on multi-lane
roundabouts with dual left-turn
lane approaches.

7.3.6 Conduct Sensitivity Testing

While a calibrated model may faithfully reproduce the observed data used for that purpose, a robust
model needs to produce realistic and reasonable forecasts when the inputs and parameters are
perturbed away from their calibrated values. Input changes could include increases to the O-D
demand or shifts in departure profiles in response to day-to-day variations or demand management
strategies. Network capacities may also vary with changes in vehicle/driver mix, incidents or work
zones. The parameters used by various simulation components could also be known only
approximately, and the effects of slightly different parameters (such as the coefficients in the route
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choice utility equations) could be empirically tested. The role of such experiments is to ensure that
the model’s sensitivity and stability to small changes are both reasonable and realistic. These
changes in outputs may be quantified in both absolute and percentage terms, judged qualitatively,
and compared against similar studies from other regions. Ensuring appropriate sensitivities is key to
the deployment of a useful model for scenario analysis.

7.3.7 Validate the Model

It is critical to make sure that the model is not over-fit to the narrow range of data used during the
calibration stage. An over-fit model may show attractive goodness of fit statistics while performing
poorly when tested against a few datasets. To guard against this occurrence, it is advisable to
validate the model using data that were not part of the calibration step. One way to perform such
a validation is to use a hold-out sample: the available data are partitioned into two sets (one for
calibration and one for validation). If multiple days of data can be obtained, then some of them can
be used for calibration while others are set aside for testing the calibrated model’s ability to match
data from the validation set. If only one set of data is available, a subset of these counts may be
used for calibration. The model’s output flows from the other count locations can then be compared
to the left-out data to see if the gaps were filled accurately by the model.

Another method of validation involves using different types of data altogether. For example, the
model could be calibrated against traffic counts but validated against speeds or travel times to
check if congestion patterns are being matched across both space and time. As indicated at the
beginning of this section, this is not an automatic result since a specific value of count (flow) may
be generated during both congested and free flowing traffic conditions. A well-calibrated and
validated model should replicate both the counts and the formation and dissipation of bottlenecks,
queues and spillbacks.

7.4 Output and Performance Measures

Performance measures are those outputs of the simulation that will be used to prioritize
improvements, compare benefits of alternative improvements, weigh benefits of a project against
its costs, or simply evaluate the merit of a project in addressing an identified need or mitigating an
identified problem. The local ODOT district should be consulted to decide the performance
measures that are pertinent to a project. The guidance provided here describes how TransModeler
can be used to produce a broad spectrum of performance measures.

7.4.1 Preparing to Collect Output
There are four main steps to preparing to produce performance measures:

Choose which output to collect during simulation

Create any required or desired selection sets

Create superlinks

4. Choose whether to use a fixed random seed during simulation

W N =

7.4.1.1 Selection Sets for Output Reporting

Selection sets, described in Section 7.1.8, have multiple potential uses relating to simulation
output. They can be used to designate a subset of network features (e.g., segments, nodes) for
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which outputs should be reported, and, when creating reports, which subset of features to include
in the report. However, this guidance will focus instead on the specific cases in which selection sets
must be defined to produce a desired performance measure. These include:

1. Queue Lengths: a selection set of nodes at which queues will be measured must be chosen
in Project Settings (typically, controlled intersections of interest).

2. Corridor Travel Times: A corridor is defined in TransModeler as a specific stretch of road
spanning multiple contiguous links. A selection set of links must be created for each stretch
of interest.

3. Urban Street LOS: A selection set of links must be created for each contiguous sequence of
links representing a single analysis segment of interest.

4. Interchange LOS: A selection set of the links making up the ramp and arterial links making
up the interchange must be created for each interchange.

In all cases, selection sets should be given a meaningful name. The selection sets for corridor travel
times, urban street LOS, and interchange LOS will appear in the output reports. For this and other
reasons, selection sets should be named in a way that make it easy for ODOT staff and other users
of the model to understand their purpose.

Names of selection sets for corridor travel time and urban street LOS reports should begin with the
street name, so that they will sort together in reports, and be followed by notable landmarks or
cross streets at either end (e.g., Spring St: 4™ St to 3" St).

Similarly, selection sets for interchanges should begin with the name of the freeway and be followed
by the name of the arterial (e.g., I-70 Brice Rd).

7.4.1.2 Superlinks for Output Reporting

A superlink is a contiguous sequence of links, typically representing a city block or stretch of
roadway, between significant intersections of interest, often signalized intersections. See Section
7.1.7 for additional information about superlinks and how to create them. This guidance will focus
on their importance as it relates to preparing for output data collection.

Without superlinks, queue measurements will truncate at the boundary of the link immediately
intersecting at the intersection where the measurement begins, and delays accumulated by vehicles
experiencing control delay while traversing multiple links on the approach to the controlled
intersection will be reduced to those delays experienced on the link immediately intersecting at the
controlled intersection. For these reasons, superlinks are critical for queue length and delay
reporting.

However, to help with the task of defining superlinks, TransModeler will provide several various
warnings when superlinks are not defined or are not defined correctly. For example, if superlinks
have not been defined before a simulation that is configured to collect queue or delay output is
started, a warning message will appear. Additionally, if delays are experienced on superlinks that
do not have a controlled intersection at the downstream end, TransModeler will issue warnings
during simulation that refer to the links that should be reviewed.
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7.4.1.3 Choosing Which Output to Collect

The types of output that should be collected during the simulation will depend on the types of
facilities being evaluated (e.g., freeway, urban street, etc.) and on the purpose and need for the
analysis (e.g., alternatives analysis). Identify the output to be collected during the simulation by
clicking Project Settings ¥ and choosing from the output groups on the Output tab.

Table 7-14 summarizes the Output Groups that should be chosen depending on the facility or
facilities being studied, the MOEs that can be reported with each group, and whether a selection
set of features (i.e., intersections) or superlinks must be created to report certain MOEs. The MOEs
listed in Table 7-14 are the minimum that should be reported for each facility type. Other MOEs
can be reported in TransModeler and may be required depending on the project. The MOEs to be
reported should be decided with concurrence from the local ODOT district in the scoping stage of
the project.

Table 7-14. Output Groups

Facility ‘ Output Group MOEs Selection Set? Superlink?

. o Total Delay, Average Travel
Trip Statistics No No
System-wide P st Speed, VMT and VHT
Flow & Travel Time VMT and VHT No No
Delay Control Delay, LOS No Yes
Intersections Queue Lengths in Distance and
Lane Queue . Yes Yes
Vehicles Queued
Delay Travel Time, LOS Yes Yes
Interchanges Queue Length, Vehicles Queued,
Lane Queue . Yes Yes
Spillback Rate
. Density, LOS No No
Freeways Flow & Travel Time -
Flow, Speed, Density No No
. Corridor Travel Time Yes No
Urban Streets Flow & Travel Time
Average Travel Speed, LOS Yes No

7.4.1.4 Fixing Random Seeds - What You Should Know

Like most traffic simulators, TransModeler is a Monte Carlo simulation. Random number generators
and probability distributions are part of the model infrastructure necessary to simulate complex
human decisions and behaviors, which are imperfectly understood, imperfectly measured, and
imperfectly modeled. Consequently, every simulation will produce a different answer even when
model inputs are identical. Just as volumes and operating conditions vary in the field from day to
day, so do the outputs of a simulation. Random events, such as queue starvation or cycle failure,
may occur in one cycle at a traffic signal but not in the next or in one simulation but not another
depending on a chain of pseudo-random events. Microsimulation partly draws its power from the
stochastic processes that, though imperfect, reflect real-world phenomena that are inherently
heterogenous and random.

The results of a simulation can be replicated when the random seed is fixed. A random seed is a
number that initializes the sequence of numbers produced by a random number generator. Fixing
the seed is not recommended. Instead, the stochastic properties of microsimulation should be
viewed as an asset. Most guidance suggests that microsimulation models should be run many times
to achieve a specific level of confidence in the mean of the performance measures reported. This
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is the general guidance provided here. However, this may be superseded when some ongoing Federal
Administration (FHWA) initiatives are completed and new federal guidance becomes available.

In short, it is recommended that both the mean and the standard deviation of a performance
measure be reported for a scenario. Both of these metrics are reported automatically for all
performance measures in TransModeler. Two scenarios may have different mean measures of
performance after running multiple times, but if the standard deviation is high, the differences
should not be considered significant. Batch simulations with a minimum of ten runs for each scenario
are recommended for reporting statistical summaries of performance measures.

By default, every simulation that is run in TransModeler is automatically assigned a new and
different random seed and so will have a different outcome from any other. If, for any reason,
results need to be replicated, a non-zero random seed can be entered in the Simulation Settings
opened from the Simulation tab on the TransModeler Sidebar (Help: Running a Simulation).

7.4.2 System Performance Measures

The simplest way to characterize the performance of an alternative, particularly if the study area
is narrowly focused on the facility or facilities under study, is with a summary measure of overall
system performance. System performance measures are simple because they summarize the
performance across trips and facilities in one or a small number of measures. However, system
performance measures can mask serious, local problems. One example is a signal timing strategy
that benefits the majority of trips on a coordinated arterial at the expense of trips on the side
streets. Judged by system performance alone, such a strategy may appear attractive. However, the
LOS experienced by some users of the system may be deemed unacceptable. For this reason, system
performance should not be the only scale used.

The system performance measures that may be used to evaluate a scenario include:

1. Vehicle-Miles Traveled (VMT),
2. Vehicle-Hours of Travel (VHT), and
3. Vehicle-Hours of Delay (VHD).

VMT, VHT, and VHD can be summarized in one of two reports in TransModeler:

1. Trip Statistics: miles and hours traveled, and total delay experienced are tracked on a per-
trip basis and summarized for completed trips as well as for partially completed trips and
trips denied entry to the network.

2. VMT & VHT: miles and hours traveled, and total delay experienced are summed individually
for every segment as vehicles traverse a segment.

7.4.2.1 System Performance from Trip Statistics

Miles traveled, hours traveled, and delay are measured and reported for each trip individually.
System VMT, VHT, and VHD are summarized by aggregating those measurements across all trips in
a Trip Statistics report. Miles traveled and delay experienced are accumulated as a vehicle traverses
segments along its path. Each time a vehicle traverses a segment, the segment’s length is added to
the trip’s mileage, and delay, calculated as the difference between experienced time on the
segment and travel time according to the segment’s free-flow speed, is added to the trip’s total
delay experienced. The hours traveled during a trip is calculated as the difference between arrival
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and departure time. VMT is thus computed from the sum of distances traveled by all trips, VHT from
the sum of all trips’ travel times, and delay from the sum of delays experienced by all trips.

These trip statistics are reported separately in TransModeler for completed trips, trips that were in
the network when the simulation started, trips that are still en route when a simulation ends, and
trips denied entry to a congested link at its origin when the simulation ends. It is tempting to use
the summary measures for completed trips to compare alternatives. However, it is possible that in
some scenarios, many more trips are denied entry than in others. For this and other reasons, it is
important to consider multiple measures of VMT, VHT, and VHD rather than those summarized only
from completed trips.

System performance measures are most appropriate when:

1. Providing a quick, high-level picture of performance in networks spanning large numbers of
intersections or interchanges or having multiple intersecting facilities in a single measure,
but not at the expense or exclusion of more detailed consideration of the performance of
those individual intersections, interchanges, or facilities.

2. ldentifying or filtering a subset of better-performing projects or alternatives from a large
set of proposed alternatives in the earlier, planning stages of an analysis.

System measures - VMT, VHT, and VHD - are the principal measures of performance reported in the
Trip Statistics report in TransModeler. The Trip Statistics reports include accounting for all trips
that were simulated for any part of the analysis period, even if only part of the trip occurred within
the analysis period or if a trip failed to enter the network by the end of the simulation due to denial
of entry.

7.4.2.2 System Performance from Segment Statistics

Miles traveled, hours traveled, and delay are measured and reported for each segment
independently, and system VMT, VHT, and VHD can be summarized by aggregating those
measurements across all segments in a VMT & VHT report. Additionally, the system performance
measures are automatically grouped in a VMT & VHT report by a segment or link attribute of your
choosing. This allows you to summarize VMT, VHT, and VHD by road class, street nhame, or another
distinguishing attribute. Miles traveled and delay experienced are added to a segment’s totals when
as a vehicle traverses the length of the segment. The hours traveled on a segment is calculated as
the difference between the time a vehicle enters the segment and leaves the downstream end, and
hours of delay as the difference between that time and a travel time assuming free-flow speed.
VMT is thus computed by multiplying the length of the segment by the number of vehicles that
traverse it, VHT from the sum of times all vehicles spent on the segment, and delay from the sum
of delays experienced by all vehicles on the segment.

7.4.3 Travel Time Performance Measures

Travel time is a simple but powerful measure of performance because it relates directly to the
traveler/user experience. Reduced travel times generally translate to improved mobility and LOS
and so are a common and worthy goal of many capacity improvements and congestion mitigation
strategies. When comparing travel times to a base, no-build condition, it is possible to estimate the
improved trip times that users of the facility might enjoy. VMT, VHT, and VHD performance
measures also point to travel time improvements, but in terms that are not directly relatable to
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users of the facility. There are two ways to report travel times: by trip or by corridor. These options
are described below.

7.4.3.1 Origin-Destination Travel Times by Trip

Trip-based travel time (i.e., origin-to-destination travel time), is reported with Trip Statistics
(Section 7.4.2.1). To be able to create reports of O-D travel times based on trip statistics, you must
choose Trip Statistics on the Output tab in the Project Settings before simulating.

Trip travel times are simply calculated as the difference between a trip’s arrival and departure
times. It is worth noting, however, that if multiple paths are possible between the same origin and
destination, that trips traveling between the same origin and destination may not necessarily travel
the same path. To report trip travel times by origin and destination, use the Output tab on the
TransModeler Sidebar to create a Trip Statistics O-D Matrix. TransModeler will create a matrix file
(.mtx) containing multiple matrices. In the matrix, each row represents an origin and each column
a destination, and each matrix displays a summary measure such as minimum, maximum, average,
and standard deviation of travel time and other statistics. To display the travel time matrix, right-
click in the matrix window and choose Average Travel Time from the Show Matrix menu.
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Figure 7-47. Origih-Destination Travel Times in a Trip Statistics O-D Matrix

7.4.3.2 End-to-End Travel Times by Corridor

Corridor-based travel time is reported for selection sets of corridors specifically chosen for corridor
travel time or urban street LOS reporting. To be able to create reports of corridor travel times, you

must do the following before simulating:

1. Choose Flow & Travel Time on the Output tab in the Project Settings.
2. Create a selection set of links for each corridor (Section 7.1.8)
3. Identify selection sets to be used for corridor reporting by clicking Choose Corridors/Urban

Streets on the Output tab on the TransModeler Sidebar.

Corridor travel times are computed only from trips that travel the entire length of the corridor in
sequence based on the time the vehicle enters the first link in the set at one end and time it leaves
the last link in the set at the other. Travel time experienced by trips that enter or depart the
corridor at an intermediate location - at any point downstream from the first link or upstream of
the last link in the selection set - are excluded from the reported travel time.
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7.4.4 Queue Length Performance Measures

Queue length is often a useful measure as a design (e.g., deciding turn bay length) or signal
optimization criterion and not as a determinant of LOS, though queue length probably tracks closely
with control delay and other performance measures at signalized and unsignalized intersections.
Queue length also has important uses as a performance measure in analyzing operations: queues
that become too long at one intersection will interfere with the operation of midblock through lanes
or upstream intersections. Microsimulation is the best tool with which to analyze the queuing
interactions between intersections and facilities. HCM methodologies for interrupted flow facilities
(i.e., intersections, interchanges, and urban streets) seek to predict queue lengths, which can
inform judgments about the adequacy of storage bay lengths locally at an intersection, but they
cannot assess the subsequent impacts on adjacent upstream intersections. Hence, queue length
should be used as a determining factor when deciding whether highway capacity analysis alone is
suitable for a given project or whether microsimulation is needed to overcome this limitation.

To be able to create reports of queue lengths, you must do the following before simulating:

1. Create a selection set of nodes where you want to report queue lengths (Section 7.1.8)
2. Choose Lane Queue and the selection set on the Output tab in the Project Settings.

At nodes for which queue output data are reported, queue lengths are measured at semi-regular
intervals throughout a simulation run. These measurements, or “observations”, are collected into a
sampled “set” that are used as the basis for reporting average, maximum and percentile queue
lengths both in distance and numbers of vehicles. Note that percentile queue measures are derived
explicitly from the simulated measurements rather than from statistical estimation methods that
assume a normal distribution per the FHWA Traffic Analysis Toolbox, Vol. 3 Section 6.3.3.

Queue length measurements are confined to superlinks, from the stop bar where the first vehicle in
queue is found up to but not beyond the upstream end of the superlink to which the link at the stop
bar belongs. If a queue extends upstream beyond the superlink, spillback has occurred, and queue
reports will include a spillback rate (i.e., the percentage of the measurements that extended
beyond the end of the superlink) to signal either that the superlink is not sufficiently long to cover
the queue or that the queue is spilling through an upstream intersection where queue lengths may
also be reported.
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Figure 7-48. Example of Upstream Queue Spillback in Multiple Direction

When persistent spillback is evident in the queue reports, it is important to observe the simulation
and to note the interaction between queues at adjacent intersections. The queue length at one
intersection with spillback, for example, may not tell the queue’s entire story, nor will the queue
length at the adjacent intersection, which may experience far shorter queues without the spillback
effects from the first intersection.

7.4.5 Level of Service Performance Measures

For most projects, unless otherwise requested by the local ODOT district, LOS should be used to
describe the performance of a facility or to rank or compare scenarios or alternatives. Per the HCM,
measures of performance that determine LOS (i.e., service measures) are specifically chosen to
describe quality of service “from the traveler’s perspective.” LOS is also relatively standard among
practitioners, is well-documented in the HCM, and offers a degree of parity between analyses
performed with HCS and TransModeler for ODOT. LOS reports created in TransModeler derive LOS
from simulation-based performance measures rather than from the deterministic methods and
equations in the HCM. The performance measure used to determine LOS in TransModeler is always
the same used in the HCM and hence is dependent on the facility being analyzed (e.g., control delay
for intersections, density for freeways).

However, while simulation-based LOS in TransModeler and HCS-predicted LOS will share common
footing in the performance measures and HCM-defined threshold ranges for LOS for any given facility
type, the methods by which the LOS are calculated are inherently different. Thus, the two are not
expected to yield the same value for reasons that will vary by facility type.

7.4.5.1 Intersections and Roundabouts

LOS at intersections is determined by control delay, one of multiple causes of total delay, the latter
of which is often determined in microsimulation models as the difference between simulated and
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free flow travel times. To report intersection LOS in TransModeler, you must choose Delay on the
Output tab in the Project Settings before simulating. The Intersection LOS output report
automatically labels the data tables according to the intersecting links’ street names, so it is
important to label the street names accurately and consistently for ease of review (Figure 7-49).

) Ea

Flgure 7-49. Intersection LOS Report Labeled by Street Names

It is important to distinguish between control delay and other measures of delay commonly found
in microsimulation practice. Control delay is that component of total delay attributable to the
control characteristics of the intersection - delay that would not have been incurred were the
control not present. Delay is also caused by geometric factors (e.g., lane width, grade, and
curvature) and by interactions with other vehicles (e.g., incidents, rail crossings, parking
maneuvers, and bus stops). Stopped delay, another common measure of delay in microsimulation,
is that time spent below a specific speed threshold. Figure 7-50 illustrates the differences between
total delay, control delay, and stopped delay.
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Figure 7-50. Components of Simulation-Based Delay

Before comparing LOS between TransModeler and HCS, it is worth noting that control delay and its
relationship to queue formation and discharge are among the most complex phenomena found in
simulated traffic operations because of their continuously evolving shape in time-space and varying
sensitivities to large numbers of interdependent variables. As such, the HCM methodologies for
signalized and unsignalized intersections, interchanges, roundabouts and urban streets feature
intensive computational models which require a great level of discernment to objectively compare
against simulation-based performance measures.

7.4.5.2 Interchanges

LOS at interchanges is determined by Experienced Travel Time (ETT) - Control Delay combined with
Extra-Distance Travel Time (EDTT) - for all movements traveling through the configuration.
Interchange LOS is based on threshold ranges of ETT as defined in the HCM Interchanges
methodology (HCM 6% Edition Exhibit 23-10). To report experienced travel times and LOS at
interchanges in TransModeler, you must:

1. Choose Delay on the Output tab in the Project Settings.

2. Create a selection set of links for each interchange (Section 7.1.8)

3. Identify selection sets to be used for interchange reporting by clicking Choose Interchanges
on the Output tab on the TransModeler Sidebar.

Note that the HCM Interchanges methodology is limited strictly to the operations of the surface
street intersections; freeway Links are not included in the methodology and hence should not be
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included in the selection set (Figure 7-51). Furthermore, the HCM Interchanges methodology has
only been validated for interchanges in which the ramp terminals are either both signalized
intersections or both roundabouts. LOS for interchanges with unsignalized intersections or any type
of mixed-control interchange configuration has not yet been validated, so Interchange LOS reports
in TransModeler should not be reported for any such type of interchange.

3

Figure 7-51. Example of a Selection Set for Interchange LOS

7.4.5.3 Freeways

LOS on freeway facilities is determined by density. A single freeway segment in the context of HCM
analyses - that is, a basic, merge, diverge, or weaving segment - may span one or more segments in
a simulation database. The reverse is also true: it is possible for a single segment in a TransModeler
simulation database to span what would be treated as two analysis segments in the context of HCM
methods. TransModeler will automatically determine what kind of analysis is appropriate for each
segment in the simulation database, negating the need for selection sets to define them, and will
automatically calculate density and the appropriate lanes and influence area of a ramp in a merge
or diverge segment. Hence, to report freeway LOS in TransModeler, you need only choose Flow &
Travel Time on the Output tab in the Project Settings before simulating.

January 2026



ODOT Analysis & Traffic Chapter 7
Simulation Manual TransModeler Analysis

Figure 7-52 illustrates the extent of the influence areas for a merge and diverge segment, in which
density is measured to report LOS. Though the influence areas span three simulation database
segments in each direction and terminate in the middle of long segments, the density reported for
the segments nearest to the merge or diverge will automatically be measured only within the extent
of the influence area indicated in green.
>—'|-g.ve Pqi% S I{ LT " B I HCM Analysis Influence Areas
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Figure 7-52. Freway Density Measurement Boundaries

For this reason, you do not generally need to divide links or segments in any particular way in order
to report freeway LOS accurately, with the following exception: there must be at least as many
simulation database segments as HCM freeway segment analysis types in TransModeler. If this
condition is not met and a segment must be split in two for LOS to be reported appropriately, a
warning message will be logged.

A common example of such a configuration is an on-ramp without an acceleration lane followed by
an off-ramp without a deceleration lane, connected only by a basic segment with no lane additions
or lane drops. Even though the entire length between the on-ramp and off-ramp gores could be
modeled with a single segment, it would be analyzed as multiple segments in the context of the
HCM freeways methodology. Thus, if the distance between the ramp gores is greater than 3,000’ -
the sum of the merge and diverge influence areas - then the segment should be split in two locations
to create three segments (Figure 7-53) so that TransModeler can report densities for the merge,
basic, and freeway segments independently. The HCM 6% Edition Chapter 10 (Freeway Facilities
Core Methodology) should be consulted for clarification on freeway segment analyses.
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Figure 7-53. Example of Freeway Segments for HCM Analyses

In a Freeway LOS report, densities, measured in passenger car equivalents (PCE) per mile per lane,
and LOS are reported by segment. When there are multiple segments within the influence area of a
merge or diverge, or multiple basic segments between a merge and diverge, or multiple segments
within a weaving section, the densities and LOS values will be duplicated for each segment because
the densities are measured across segment boundaries. If you want to divide the segment density
and LOS reporting at a location of your choosing, you may split the link to create a node. Density
calculations will not span multiple links. Therefore, links should generally be continuous through
merge, diverge, or weaving segments. A node dividing two links on a freeway should be avoided
unless its purpose is deliberately to effectuate reporting of separate LOS measures.

Segments are ordered in a freeway LOS report upstream-to-downstream according to their distance
from the upstream-most segment the freeway and grouped into separate directions or facilities
according to their street names (Section 7.1.6.1). Therefore, all consecutive links within a freeway
facility should be named consistently and should include the direction in the name.
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Figure 7-54. Freeway LOS Report, Organized by Street Name and Segment Type

Note that density is also reported in other reports in TransModeler (e.g., the Segment Statistics
report) but are raw densities measured indiscriminately across all lanes and irrespective of segment
type or distance from a ramp. Therefore, density values found in other reports should not be
compared to densities in freeway LOS reports.

7.4.5.4 Urban Streets

LOS on urban streets is determined by average travel speed, though the cutoff thresholds for each
LOS grade varies depending on the free-flow speed. To report average travel speeds and LOS on
urban streets in TransModeler, you must:

1. Choose Flow & Travel Time on the Output tab in the Project Settings.
Create a selection set of links for each span of urban street for which you want to report
LOS (Section 7.1.8).

3. Identify selection sets to be used for interchange reporting by clicking Choose
Corridors/Urban Streets on the Output tab on the TransModeler Sidebar.

TransModeler will automatically report average travel speed and LOS separately for each direction
if an urban street selection set spans two-way links. The free-flow speed used to determine the
cutoffs used to determine LOS will be taken from the road class of the first link in the selection set
on the presumption that the road class and free-flow speed are, as they should be, consistent for
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the length of the selection. Figure 7-55 illustrates a stretch of arterial divided into three selection
sets in order to report urban street LOS locally for three different sections of interest.

aa kB

Figure 7-55. Selection Sets for Urban Street LOS Reporting

7.4.6 Presentation Requirements

7.4.6.1 Customizing Reports and Report Layout

A variety of reports are can be created with the tools on the Output tab on the TransModeler Sidebar
(Help: Overview of Output Reports). These tools are summarized in Table 7-15.
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Table 7-15. Tools for Creating Output Reports in TransModeler

Button Tool Description

Create a preformatted document-style summary of the performance measures

= Create R t
B8 reate Repor grouped and sorted by street name

Create Table Create a table (.bin) summarizing the performance measures

Create a document-style report for a single feature (e.g., an intersection) by
clicking on it in the map

Create a bar chart of a performance measure across time intervals (e.g., 15
minutes) for a single feature (e.g., an intersection) by clicking on it in the map

=
ke Instant Report
Y

Instant Chart

Create a thematic map coloring segments in the map based on the value of a

X Create Theme
performance measure

When you create a report using the Create Table tool [, the contents of the report will appear in
a dataview. From the dataview, the data can be exported to Excel, where you can customize the
presentation of the performance measures or arrange them side-by-side for easier comparison
across multiple scenarios. Right-click in the dataview, choose Save Dataview As, and choose Excel
from the Save as type drop-down list.

7.4.6.2 Graphical Representation of Performance Measures

Whereas the preceding sections discuss reports that present performance measures in tabular
format, it is useful and may sometimes be required to create visual aids that help to add context to
the numerical and tabular performance measures.

Maps

When intersection delay by turning movement is among the performance measures requested by
the local ODOT district, maps should be created illustrating the delay and LOS for each movement.
To help with this task, maps can be saved as images in TransModeler by choosing the File > Save As
menu command and choosing an image file type from the Save as type drop-down list in the Save
As dialog box. Subsequently, the image can be used to help create these visual aids in another
graphics design software.

January 2026



ODOT Analysis & Traffic Chapter 7
Simulation Manual TransModeler Analysis

o 1IVE
b
iyl : 3

:
?r. S M
P gt s

Heat Charts

When reporting LOS for freeway or urban street facilities, heat charts of travel speed will help
visualize operations along a corridor along its length and over a span of time (Figure 7-57).
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Figure 7-57. Heat Chart displaying Freeway Density over Time

By choosing Flow & Travel Time output on the Output tab in the Project Settings before simulating,
you will be able to create heat charts from segment statistics on the Output tab on the TransModeler
Sidebar. Segment statistics include such performance measures as density or speed, and heat charts
display the change in performance measure over time and space. In the heat charts, the horizontal
axis represents time, divided into the chosen output interval, and the vertical axis represents
distance from upstream end to downstream end on the chosen freeway or urban street. The vertical
axis can be labeled with any character field in the Segments dataview. For example, a field may be
created in which the Interstate exit numbers, landmark names, cross-streets names, or other
descriptive text may be entered. To add a field to store labels to be used in a heat chart:

1. Make Segments the working layer and click New Dataview [ to open the Segments
dataview.

2. Right-click in the dataview and choose Modify to open the Modify Table dialog box.

3. Click Add Field.

4. Enter a field name (e.g., “Heat Chart Label”) in the Field Name column, choose Character
in the Type column, and enter an appropriate field width (in number of characters) in the
Width column.

5. Lastly, use the Info tool @ to click on segments in the map and enter labels in the new
field.
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Note that a value need not be entered for every segment, but only for those that will aid the
audience in interpreting location in the heat chart.

7.4.6.3 Project Submittal Requirements

The following materials are to be included in the submittal of a project involving microsimulation
analysis:

1. An Archive .zip folder copy of the TransModeler simulation project. The following settings
should be applied before the archive .zip folder is created:

i.  Turn off all map labels
ii. Turn off all map color themes
iii. Switch all selection sets to ‘Inactive’

2. Any files from other programs used to compile and summarize output data (e.g., Excel
spreadsheets)

3. Technical documentation including:

i. Executive Summary

ii. Project Background

iii. Description of Scenarios Analyzed
iv. Methodology

v. Measures of Effectiveness (MOE’s)
vi. Volume Development

vii. Deviations from Default Values
viii.Scenario Analysis Summaries

- Base Year No-Build Analysis

- Future-Year No-Build Analysis

- Base Year Build Analysis (if applicable)
- Future-Year Build Analysis

ix. Conclusions and Recommendations

For review purposes, a printable digital copy of the report/documentation submittal is preferable,
although ODOT may require hard copies as well. The number of hard copies will be determined
during the scoping process of each project. For plan sheets, such as site plans, the digital submittal
should be legible and to scale when printed as a 11”x17” sheet. Use of the Portable Document
Format (PDF) is preferred.

7.5 Appendix

7.5.1 Factors to Consider During Scoping

When scoping a project, one of the most important decisions will be whether to use turning volumes
or O-D matrices to specify the demand. Numerous factors may inform this decision that are not of
a technical nature and/or are not foreseen by this document. Non-technical factors may include
budget or schedule, one or both of which may be highly constrained and hence may necessitate a
quicker analysis based on turning volumes.
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These factors are discussed below.

What does the ODME approach entail specifically?
In general, ODME will add to the project schedule because ODME:

1. Represents a multi-part task (i.e., developing the seed matrix, populating a model with
traffic counts, running ODME, and reviewing results) in the model development process that
simply takes time and care to do correctly,

2. Will be run by the travel demand modeling consultant and so will call for scheduling and
coordination, and

3. Is often an iterative process requiring ODME to be run more than once before a satisfactory
matrix is produced.

Steps can be taken to minimize the schedule impacts of these factors. For instance, parts of the
ODME process can be performed in parallel with other model development tasks. Efforts to develop
the seed matrix, for instance, can begin early and continue while counts are collected, and the
simulation network is developed. Coordinating work that can be done in parallel will be key to
shortening project development schedules. Also, some of the reasons that ODME can be an iterative
process, including discovery of errors in counts after the fact, can be mitigated by taking care up
front to review inputs to the ODME.

If the project schedule and the travel demand modeling consultant cannot accommodate ODME,
then the project should move forward with turning volumes.

Are operations of adjacent facilities in the study area a significant concern?

If the project involves analysis of more than one facility (e.g., two intersecting arterials or freeways
or an arterial and a freeway), then interactions between the facilities and/or weaving activity near
the intersection or interchange between the facilities are likely to be more sensitive to O-D patterns
in traffic traveling between the two facilities. It will also be more difficult to detect and to mitigate
the effects that the drawbacks of simulation based on turning volumes may have on model results
when there are multiple facilities, as opposed to one facility, in the model. For this reason,
simulation based on O-D matrices, through which a logical distribution of trips between origins and
destinations can be exercised, is recommended.

Are there five or more intersections or four or more interchanges?

Like the rationale recommending use of O-D matrices when studying multiple facilities, the
implications of the drawbacks of demand based on turning volumes become increasingly difficult to
discern and to account for the longer a facility becomes, even when the model includes only one
facility. While steps can be taken to prohibit certain paths, such as U-turns at interchanges, these
steps have secondary effects that will influence the volumes of vehicles taking permitted paths that
overlap the prohibited paths. Moreover, those effects compound and become more difficult to
manage as the total number of feasible paths (which necessarily increases with the number of
intersections and interchanges) increases.

As intersections increase in number, more opportunities arise for complications in weaving volumes
between adjacent and nearby intersections. The same is true of interchanges. As previously
described in Section 7.2.1.1, specifying demand by turning volumes precludes any control over the
numbers of vehicles taking low-probability paths, such as short trips on a major arterial that require
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significant lane changing activity (e.g., a right turn followed closely by a left turn on a multi-lane
highway). For these reasons, five intersections and four interchanges are the thresholds at which
demand by O-D matrices is recommended. However, demand by turning volumes in study areas that
are near these thresholds may be permitted with concurrence from ODOT.

Are O-D volumes available or trivially derived from TMCs?

Even when a smaller, simpler traffic study does not meet the thresholds and criteria stated above
warranting use of O-D matrices, it may be advisable to use O-D matrices if the either the design
volumes are available as O-D volumes or if the TMCs can be trivially translated into O-D volumes, as
may often be the case. The decision between O-D matrices and TMCs in such cases is subject to the
judgement and experience of the analyst but should be made with concurrence from the Office of
Roadway Engineering.

7.5.2 Summary of TransModeler Results

The following examples have been added to Appendix G:

e Example 7.5.2A — Summary of TransModeler Results for Signalized Intersections
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8. Presentation of Results

The purpose of this chapter is to provide guidelines on the requirements for analysis documentation
and presentation of the results.

8.1 Presentation of Results

Understanding how the results will be used by decision makers is critical to producing a good and
effective traffic analysis report. As such, the analyst should present the traffic analysis results in a
manner that is concise and understandable to the intended audience. For instance, elected officials
and other representatives of the public need to see performance measures that are easily
understood by the general public. In such cases, presentation and format of the report should also
target a non-technical audience while providing the needed details for a technical reviewer to
independently analyze and verify the analysis results presented in the document.

Traffic analysis results can be presented in the following three formats:

= Tabular format
= Graphical format
= Animation (microsimulation analysis only)

The results presented in the above formats should be adequately discussed to enable both technical
and non-technical readers to comprehend the content of the analysis.

8.1.1 Tabular Summaries

/zm, Tabular summaries should be included for analysis conducted for all studies.This would
e' include Feasibility Studies, Interchange Studies, Corridor Studies and Traffic Impact Studies.

Tables are used to present summaries of the results of the analysis. Raw data from the analysis
outputs and other details of the analysis should be attached in the appendices. The outputs from
TransModeler analysis should be post-processed to report the average MOEs from multiple simulation
runs. Tabular summaries should be prepared to present the results of the comparison of the MOEs
for each alternative. Different patterns or colors should be used to discern failing conditions within
the elements of the network when comparing the alternatives. Colors used to present key
information in the tables should be carefully selected such that the document can maintain its
readability when reproduced in black and white ink. At a minimum, the cells should be highlighted
using the following color scheme:

= LOS D = Yellow

= LOS E = Orange

= LOSF =Red

= v/cratio > 0.93 = Orange
= v/cratio>=1.0 =Red

= QSR >=1.0=Red
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Signalized Intersection Tables

Tabular summaries should be developed in two sets. The first set contains tables summarizing
analysis results of the entire network for one alternative. These tables are essential to review the
integrity of the analysis and provide information used for general comparative analysis. See Table
8-1 for a sample intersection traffic analysis results table. The second set includes a summary of
the comparative MOE across multiple alternatives. This table allows the reviewer to clearly
understand the operational differences between alternatives rather than flipping through multiple
report pages for comparisons. This table is less detailed in regard to specific movements and MOEs
at the intersection, but allows the reviewer an easy visual comparison of the intersection results for
multiple alternatives. See Table 8-2 for a sample intersection alternatives table.

An intersection traffic analysis results table similar to Table 8-1 is required for analysis

@ conducted for all studies. Depending on the study and the number of alternatives being
evaluated, an intersection alternatives comparison table similar to Table 8-2 may also be
needed to compare the results.

Table 8-1. Sample Intersection Traffic Analysis Results Table

Int #3 2041 AM No-Build (Signal, 120s) Int #3 2041 AM Build (Signal, 120s)
o o . o
M'an zsltrtet e (5352,11) v/c | QSR gsqt:eﬁ:e MZ?niltrzet (s::/ICZh) v/e QSR Sﬁl'f,e/ (Ilf:)
EBL D 35.1 0.206 | 0.55 86 EBL C 29.8 0.162 | 0.50 78
EBT D 43.0 0.346 | 0.34 167 EBT D 36.8 0.276 | 0.31 152
EBR D 44.9 0.408 | 0.36 165 EBR D 38.0 0.326 | 0.32 156
EB Approach D 42.0 - - - EB Approach D 35.7 - - -
WBL D 46.2 0.741 | 0.48 149 WBL D 40.6 0.366 | 0.50 154
WBT D 38.0 0.195 | 0.18 97 WBT C 27.9 0.261 | 0.29 161
WBR D 38.4 0.211 | 0.17 91 WBR - - - - -
Ap:t\-/:ach D 43.1 - - - WB Approach D 35.7 - - -
NBL B 19.6 0.373 | 0.37 125 NBL D 35.1 0.537 | 0.51 174
NBT D 36.9 0.836 W} 654 NBT D 35.1 0.606 | 0.59 338
NBR D 52.4 0.938 [Wi] 708 NBR C 27.0 0.781 | 0.95 547
NB Approach D 41.7 - - - NB Approach C 31.6 - - -
SBL D 49.7 0.739 | 0.56 147 SBL C 34.6 0.522 | 0.56 147
SBT c 234 0.358 | 0.45 245 SBT D 35.8 0.494 | 0.55 300
SBR C 23.6 0.361 | 0.44 232 SBR D 36.1 0.498 | 0.53 284
SB Approach C 28.6 - - - SB Approach D 35.7 - - -
Intersection D 38.8 - - - Intersection C 33.6 - - -
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Table 8-2. Sample Alternatives Comparison Table

No Build - AM Alternative 1 — AM | Alternative 2 - AM | Alternative 3 - AM

LOS | Delay | LOS | Delay LOS | Delay LOS Delay

Intersection A

NB E 60.8 E 58.4
SB D 54.4 D 47.1
EB D 48.3 E 60.6
WB E 60.5 D 45.5
Overall Int. D 56.2 D 54.8
Intersection B
NB D 37.5 D 40.7 E 78.6 D 51.9
SB D 49.5 D 54.3 E 55.5 D 50.2
EB D 49.0 C 26.6 E 78.6 D 37.3
WB D 36.7 D 52.1 D 54.5 D 53.9
Overall Int. D 43.9 D 44.2 E 66.9 D 48.2
Intersection C
NB B 18.3 B 15.9 C 26.7 C 20.7
SB C 27.5 C 20.8 B 15.5 B 19.9
EB C 29.1 C 21.4 C 28.0 C 21.1
WB N/A N/A B 17.7 B 19.0 B 18.2
Overall Int. C 254 B 19.9 C 23.3 C 204

Freeway Facilities Results Tables

Tabular summaries for the Freeway Facility operational results must be provided that show the
results for the individual segments as well as the overall facility results. Information in the table
must include:

= Segment number —_
= Analysis type
. |I:OOCSat10n ———— | HCS Results (Segments)

= d/c (demand-to-capacity)

= v/c (volume-to-capacity) —

= Facility length —_—

= Facility Space Mean Speed

= Facility density — HCS Results (Facility)
= Facility travel time

= Facility LOS -
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Table 8-3 shows a sample Freeway Facilities analysis results table.

Table 8-3. Sample Freeway Facility Operational Results

HCS Results (Segments)

2045 AM 2045 AM
- No-Build Build
Segment] A::'::“ Location (I-75 NB) — —
LOS | w/c LOS | w/e

F* | R F* | R*
Seg-1  |Basic South of Off-Ramp to SR-73 D |0.86(0.86 - D (0.8 |0.86] -
Seg-2  |Diverge Off-Ramp to S5R-73 C |0.86|0.86]0.39] C |0.86]|0.86]0.39
Seg-3  |Basic Morth of Off-Ramp to SR-73 0.70 [ 0.77 - D (077|077 -
Seg-4  |Merge On-Ramps from SR-73 0.78 ( 0.88 | 0.49 D |0.88(0.88]0.49
Seg-5  |Basic Morth of On-Ramps from SR-73 0.70 | 0.89 - E |0.89)0.89] -
Seg-6  |Basic Morth of On-Ramps from SR-73 0.93 E |0.89)0.89] -
Seg-7  |Diverge Off-Ramp to Austin 0.93 E |0.89)|0.89]0.58
Seg-8  |Basic Morth of Off-Ramp to Austin 0.73 D |0.73|0.73) -
Seg-9 |(Weaving  |Between Austin & I-675 WB 0.87)0.87 ) # D |0.98(098) #
Seg-10 |Basic Morth of Off-Ramp to I-675 WB 0.62 | 0.86 - C |0.64(0.64] -
Seg-11 |Merge On-Ramp from I-675 WB 0.82 D |0.81|0.81]0.66

Between On-Ramp from [-675 WB &

Seg-12 |Overlap  |Off-Ramp to R725 0.82 D 1083083 -
Seg-13 |Diverge Off-Ramp to SR-725 0.82 D |0.83(0.83]0.42
Seg-14 |Basic Between SR-725 Off-Ramp/On-Ramp | C | 0.69 [ 0.96 ] - c (072(072] -
Sea-15 |Merge On-Ramp from SR-725 C | 0.65( 0.86] 0.30 D | 0.86(0.86]0.60
Seg-16 |Basic North of On-Ramp from SR-725 C |0.65|0.87] - Db |0.87(0.87] -
Seg-17 |Basic Morth of On-Ramp from SR-725 [ 0.87 D |0.87(0.87) -
Seg-18 |Diverge Off-Ramp to Dixie A 0.87 D | 0.87|0.87]0.50
Seg-19 |Basic North of Off-Ramp to Dixie 0.72 D |0.75]075] -
Seg-20 |Merge On-Ramp from Dixie N (.84 D |0.84|0.84]0.40
Seg-21 |Basic North of On-Ramp from Dixie F A D (085|083 -

F* = Freeway, R* = Ramp, # = Weave segment. Check to ensure on-ramp and off-ramp have sufficient capacity.

HCS Results (Facility)

2045 AM 2045 AM 2045 PM 2045 PM
No-Build Build No-Build Build
Facility Length, mi 12.33 12.33 12.33 12.33
Space Mean Speed, mi/h 52.9 61.9 50.2 62.8
Density, pc/mi/ln 35.7 31.7 33.3 28.2
Density, veh/mi/ln 31.9 28.0 29.9 25.0
Travel Time, min 14.00 11.90 14.70 11.80

Los
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8.1.2 Graphical Presentation

Graphical presentation of the data and results should be carefully created to help understanding of
the results. The analyst should simplify the presentation such that both technical and non-technical
audiences can easily understand them. Overdoing the presentation by decorating the graphical
summaries should be avoided.

Graphical displays are excellent visual tools and are very effective in identifying the effects of each
alternative on traffic operations within the analysis area. The lane schematics and link-node
diagrams that were developed in the analysis stage can easily be converted into a tool for displaying
the results.

Graphical presentation requirements will be dependent on the type of study. The following data
will need to be displayed graphically:

= |IMS/1JS
o Operational Results
= Segment Number
= Analysis Type

= Location
= LOS
= D/C

o Geometric Data - Stick-figure of No-Build/Build conditions containing:
= Number of mainline lanes
= On-ramps/Off-ramps (are they 1-lane or 2-lanes?)
= Merge/Diverge/Weave configurations
= Interchanges labeled
= Ramp metering for the No-Build/Build condition
= Speed limits
= Clear distinction between No-Build/Build (i.e. Build shown in red, or No-
Build shown with dotted lines and Build shown with solid lines)
= |0S/Feasibility Studies/Corridor Studies/TIS
o Operational Results
= Graphical presentation typically not necessary
o Geometric Data - Overall Network
= Stick-figure of Study Area along crossroad (aerial can be used)
= Streets labeled
= Speed limit(s) clearly labeled within the Study Area
= Distance between intersections (stop bar-to-stop bar if signalized
intersection radius return-to-radius return if unsignalized intersections)
= Clear distinction between No-Build/Build (i.e. Build shown in red, or No-
Build shown with dotted lines and Build shown with solid lines)
o Geometric Data - Intersections
= Intersection analysis point (I-1, Int-1, etc.)
= Traffic control type (signal, TWSC, AWSC, Roundabout, including
channelized right-turn lanes (free, yield, stop)
= Number/type of lanes (including channelized right turns, TWLTL, add/drop
lanes)
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= Number of thru lanes entering/exiting each approach
(upstream/downstream travel lanes)

=  Full-width length of turn lanes

= Intersection PHF

Examples of operational results and geometric data graphics are shown in Figure 8-1, Figure 8-2
and Figure 8-3.

See Appendix H, Example 8.1.2A and Example 8.1.2B for No-Build and Build stick-figure diagrams.

8.1.3 Animation

One of the advantages of microsimulation over analytical tools is its ability to describe or
demonstrate the problem and potential solutions by animating the individual vehicles trajectories
from the model. Animation can be very effective tool to present traffic analysis results to non-
technical audience such as elected officials, policy makers and the general public. Like graphical
summaries, animation is an excellent visual tool that can identify and compare the effects of each
improvement alternative on traffic operations.

It is possible to record animation from the analyzed system in video format and present the video
in various public information platforms such as public meetings and project websites. The animation
should be created from parts of simulation results that best exhibit the findings of the analysis. This
includes both the time period selected and the viewing angle/location. If it is desired to show a
comparative analysis of two alternatives, a side by side display of animations with same traffic
loadings should be prepared.

Screen shots of animation of critical locations can also be prepared and presented to the public as
still images.
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Figure 8-1. Example Operational Results 1

2 - ®
@

o g @ § m Froewoy Segren! _LOS Guide
E g T g () weave Sagnent
R
L
HENDERSON RO,

#

| s

& ®©

8

REF-5
wso”

Segn/ 1720
c G

wr-m
© =
680/520

SE000,

B
/
2 9
ACKERMAN RD. )
)

Waove Sagmant Langth
@ «*of Loes
REF-XX = Anclysis Poin® Referance Number
LEVEL OF SERVICE AND .
VOLUMES FOR 2040 AM
AND PM BUILD ! ) ®

January 2026

99:::‘9 ~T 5
e
N

-
R

0£/0»
0w/

4580/5830

REF-)
s

o
w28
/540
sTe0/Te80
2 @e




E8g
g€=g
s8g T 130 0.0
ITT R 2t
Figure 8-2. Example Operational Results 2 JOE B MALL AVE 5 o
z ::gj “He ADAM SHEPHERD PXNY
! - ~
a 440 0.13:-‘ 8§§
£58
9 =38
- s s
H :
= 300 (0,54 B8 (% 100 a.em
‘1 fuuo .34 | g om0 00w
Rest Arec
7 &
4390 5100 6590
-— - -
- - -—
- - -
§ -
o ¢ 4% 4870
% X g
} g
0 awmd ||
120 11,000
¥ |58
232
= < 30 10.4%
A wAY YHY | room g
2 LOVE'S TRAVEL STOP ed
830 o P ft' 28¢e ’}vom.m
2000 o | BES 44 20 t6.80
460 0.0% 3 5 8 LAKEVIEW DR
353 BULLITT COUNTY BOE
o mregs| 0P
40 09,84) 3 3 o
288 8
géd 8
838 4 380 (0.73 Z
e 10 10,56
OMEGA PENY YIS | T %o B
XXXX (x.xx) = 2040 Volume (v/c ratio) 440 ‘0.“)—) ' p AMAZON.COM BLVD
20 w0.80 Ib h '
WE CIHIEM s'onoized Intersection HCS Resuts 50 10,80 8g§8
P 1 111 wes resuts Freevay ond Romo Segments §§§ - p— SCENARIO A
2040 PM DESIGN HOUR LOS




ODOT Analysis & Traffic Chapter 8
Simulation Manual Presentation of Results

‘ l\ 1-75 NB
|_Dixie |

SPEED
LMy

65

N

2-Lanes 1o 1-Lane
SR-725 SR-725

I-675

1-675

Ve

Pl Austin |
(’
L
. Merge
‘ . Diverge
) Weave
’ Mainiine | @) Lane Begine/Ends
u:;:::m | Note: Changes fram Ne-Buld o
.1\ SR Build are shown In red
SR-73 SR-73
J SPEED
65 ;
[1-75 NB: No-Build | | 1-75 NB: Build |

Figure 8-3. Example Geometric Data 1

January 2026 5



ODOT Analysis & Traffic Chapter 9
Simulation Manual Documentation

Chapter 9. Documentation

The purpose of this chapter is to provide guidelines on the requirements for analysis documentation.
The documentation will be a brief summary to report the overall model process, calibration steps,
and calibration results.

9.1 Analysis Documentation

In order to streamline review and to allow for replication of the analysis, the calibration and
validation process and resulting changes to the base model should be documented. The
documentation should provide justification for any changes of the values of the default parameters
and supportive statistics which compares field-measured and calibration MOEs.

The Model Development Documentation form (found here) is provided so that the analyst can easily
complete the documentation required to be included in the appendix of the file report or in the
project file. The completed documentation form should be submitted with the traffic analysis
submission.

Model Development Documentation form must be completed for all Complex Type projects.
Also, any Standard Type project where recommended ODOT default values described in this
manual were changed will require the completion of the form.

For Standard Type projects that did not change any recommended ODOT default values, the
documentation form is not required. A statement should be included with the traffic analysis
discussion that no default values were changed.

The form includes the following information:
9.1.1 Project Specific Data

Contains information regarding project specific collected data. This data will have been collected
either from other data sources or through field measurement and are critical to the analysis models.

9.1.2 Base Model Development

Contains model assumptions and coding techniques for complex or unconventional geometrics or
operations for the base model.

9.1.3 Base Model Calibration and Validation

Contains calibration and validation process, which include calibration targets, and documentation
supporting evidence of changing default parameters. Calibration and validation is limited to
Complex Type projects only.

9.1.4 Error Checking
Contains information on the errors that could not be resolved.
9.1.5 Alternatives Model Development

Contains assumptions and coding techniques for complex or unconventional geometrics for the
alternative models (if they differ greatly from existing conditions).
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9.2 Reviewers Checklist

The Reviewers Checklist form must be completed for all traffic analysis and submitted with
the traffic analysis.

The Reviewer’s Checklist form (found here) is used to help ensure quality control on all ODOT
analyses. The purpose of quality control reviews is to verify that parameters and assumptions
match the study requirements, analyses are performed appropriately, models are properly
calibrated, and results are reasonable. Additionally, this checklist will help to ensure that all
required files are submitted as part of the review.

Starting July 1, 2025 the following are required to be submitted. They can be accessed via the
links below or Appendix I.
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Chapter 2. Traffic Analysis Limits -
Examples
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Chapter 3. Analysis Tool Selection -
Examples
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Example 4.6A - Free-Flow Speed: Mainline Analyses

This example shows how to determine the Free-Flow Speed (FFS) for the mainline and ramps at
the 1-270 and Cemetery Road interchange in Hilliard, OH (see Figure 1 below).

1-270 Northbound

e Mainline: FFS = 70 mph (65 mph posted speed limit + 5 mph)
o Diverge at Ramp A (I-270 NB to Cemetery EB):
o Ramp FFS = 55 mph (Mainline FFS of 70 mph - 15 mph)
e Diverge at Ramp B (I-270 NB to Cemetery WB):
o Ramp FFS = 35 mph (Advisory Speed of 30 mph + 5 mph) (see Figure 2 below)
e Merge at Ramp C (Cemetery to 1-270 NB)
o Ramp FFS = 55 mph (Mainline FFS of 70 mph - 15 mph)

1-270 Southbound

e Mainline: FFS = 70 mph (65 mph posted speed limit + 5 mph)
e Diverge at Ramp D (I-270 SB to Cemetery):
o Ramp FFS = 55 mph (Mainline FFS of 70 mph - 15 mph)
e Merge at Ramp E (Cemetery WB to 1-270 SB):
o Ramp FFS = 30 mph (Advisory Speed of 25 mph + 5 mph) (see Figure 3 below)
e Merge at Ramp F (Cemetery EB to I-270 SB)
o Ramp FFS = 55 mph (Mainline FFS of 70 mph - 15 mph)
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Figure 1 - I-270/Cemetery Road Interchange: Hilliard, Ohio | Location: 40.0331, -83.1238 |
(source: Google Earth)

r Road "" ‘
e y. ‘w_‘__.,
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Figure 2 - I-270 NB to Cemetery Road WB Off-Ramp: Advisory Speed(30mph) | (source:Google Earth)
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Example 5.2A - Traffic plates showing PHFs

This example is from an Interchange Operations Study (I0S) that included 3 interchanges. Peak
hour factors are provided for the AM and PM peak hours at intersections and interchange ramps.

Example 5.2B - Traffic plates showing PHFs

This example is from an 10S that included 2 interchanges. Peak hour factors are provided for the
AM and PM peak hours at intersections and interchange ramps.

Example 5.2C - Traffic plates showing PHFs & Truck Percents

This example is from an I0S that included 1 interchange. Peak hour factors and truck percents are
provided for the PM peak hour.

Example 5.2D - Traffic plates showing PHFs & Truck Percents

This example is from an 10S that included 1 interchange. Peak hour factors and truck percents are
provided for the AM and PM peak hours.

Page 2 of 6
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Figure 10: AM Peak Hour Factors (PHF) and Truck Percentages
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Figure 11: PM Peak Hour Factors (PHF) and Truck Percentages
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Example 5.2E - Calculating PHFs for Intersection, Off-Ramp, and On-Ramp

This example shows how to calculate the PHF for a Ramp intersection, Off-Ramp, and On-Ramp.
The PHFs are calculated using the turning movement count data, shown in Error! Reference s
ource not found. below. The data shown below only shows the AM peak and PM peak periods.

Calculating the Intersection PHF:

1.

2.

3.

The intersection PHF is the sum of all yellow cells (green number) divided by 4 times the

highest peak (red numbers) for the AM and PM peak:

14 2282

Intersection PHF, = = =0.98
sectio AM Peak Hour 4XV, g 4x581

14 2940

Intersection PHF, = — = = 0.94
PM Peak Hour 4xV;s 4X786

Calculating the Off-Ramp PHF:

1.

3.

The Off-Ramp PHF is the sum of all blue numbers divided by 4 times the highest 15-minute

peak of the blue numbers for the AM and PM peak:

14 428

Off Ramp PHFu peak Hour = axVg = ax139 0.77

14 400
Off Ramp PHFpy peak Hour = axVis  axi18 0.85

Calculating the On-Ramp PHF:

1.

The On-Ramp PHF is the sum of all numbers in the red boxes divided by 4 times the highest

15-minute peak of the red box numbers for the AM and PM peak:

v 451
R PHF, = = -
On amp AM Peak Hour 4XVys 4%128 0.88

74 775
Ramp PHF = = = 0.82
On amp PM Peak Hour 4XVys 4x235 0.8

Figure 1 - Turning Movement Count Data: US-40/1-70 EB Ramps Intersection

IR 70 EB Off Ramp US 40 (W Broad Street) IR 70 EB On Ramp US 40 (W Broad Street)
From North From East From South From West
Start Peds/ Peds/ Peds/ Peds/
Time Right | Thru|Left Bikes Right| Thru |Left Bikes Right| Thru |Left Bikes Right M‘[l.dt Bikes
[07:15AM| 74 2 |63 0 0 193 | 24 0 0 0o 2 17 1139 0 0
[O730AM| 34 | 5 || O | O | 226 J19) O |0 (0 ]0f 2 J104j142/ 0] O
[0745AM| 52 1 |43 0 0 220 25 0 0 0|0 0 & |157j0o| 0
|08 00AM| 45 9 |54 0 0 202 16 0 0 0|0 0 & |41]o0o] o
[0330em] 39 3 46| o0 0 230 | 4% 0 o oo 0 W8 |205] 0] 0O
[ 0345 PM 49 1 |68 1 0 243 34 0 0 0|0 2 121|167/ 0| ©
08:00PM| 41 o |se 0 0 246 32 0 0 0o 6 195|213 0| o
(0415PM| 40 2 |52 1 0 311 31 0 0 Jo o 2 124 156 0| ©

OATS Manual, January 2026, Appendix E
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Example 5.6A - Heaviest Lane Volume (Lane Utilization)

This example describes when a signal (coordinated system or isolated) needs to have an input for
Heaviest Lane Volume (i.e. lane utilization) when analyzed in HCS Streets. When reviewing this
analyzed intersection, the need to enter a Heaviest Lane Yolume was suspected for the following
reasons:

1. The West Broad Street Eastbound to 1-270 NB/SB is a heavy movement (see Figure 2
below).

2. The upstream intersection at West Broad/South Grener-0ld Village has a heavy eastbound
thru movement.

3. Per Google Earth, the outside eastbound thru lane at the West Broad/South Grener-Old
Village shows excessive queuing (see Figure 3 below). This was confirmed by the District.

4. The exclusive West Broad Street eastbound right turn lane to [-270 NB/SB extends
upstream of the West Broad/South Grener-Old Village intersection.

Heaviest Lane Volume can be determined by video or lane-by-lane counts. If those are
unavailable, then the analyst can assume the movement subject to the Heaviest Lane Volume
entry is proportional to the contributing movements. The steps below show how to calculate the
Heaviest Lane Volume.

1. The EB approach at the West Broad Street/South Grener Avenue-Old Village Road has a
lane configuration of (UL-T-T-TR), see Figure 4 below.

2. We can determine the Heaviest Lane Volume for the eastbound thru movement at the
West Broad Street/South Grener Avenue-Old Village Road with the following equation:

VEBT#l

HLVgpry = ( )(VEBR#Z)

Vepr#1 + Vwsusr + Verer + Vspra

o #1 represents the West Broad/South Grener Avenue-0ld Village Road intersection
o #2 represents the West Broad/On-Ramp to 1-270 NB/SB intersection

o  HLVggr4; is the Heaviest Lane Volume at intersection #1

o  Vggraq is the eastbound thru volume at intersection #1

o  Vypu#1 1S the westbound u-turn volume at intersection #1

e Vygpra 1S the northbound right turn volume at intersection #1

o VsgLur is the southbound left turn volume at intersection #1

o Vggraz is the eastbound right turn volume at intersection #2

1510 veh/hr
1510 veh/hr + 0 veh/hr + 270 veh/hr + 280 veh/hr

HLVggrs, = ( )(1510 veh/hr) = 1055 veh/hr

Page 4 of 6
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Figure 2 - 2027 AM/2050 AM No-Build Traffic Volumes
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Figure 3 - West Broad St. between South Grener Ave./Old Village Rd. and On-Ramp to 1-270 NB/SB:
Columbus, Ohio | Location: 39.9525, -83.1237
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https://maps.app.goo.gl/xfg2h6akQJvVtti5A

Figure 4 - Google Earth Streetview, W.Broad St. Westbound at South Grener Ave./Old Village Rd.
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Appendix F

Chapter 6. Highway Capacity Software
(HCS) and the Highway Capacity Manual
(HCM) - Examples
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Example 6.2.1.1A - Merge Segment

This section provides a variety of real-world Merge segment examples. All aerial images are from
Google Earth. Current aerial images may be different than what is shown due to recently
implemented improvements. Drawn figures are always shown traveling from the left to right. A
hyperlink to the coordinate (latitude/longitude) to Google Maps is provided below each example.
A Google Earth .kmz is available on ODOT’s website to download.

The Freeway Length for a Merge segment is measured from the end of the painted gore (or
channelized line) to 1500 feet downstream as shown in Figure 1 below. The red line in Figure 2
represents the typical Merge Freeway Length of 1500 feet.

=_—
o= <
—

—

1,500 ft -
Figure 1 - Highway Capacity Manual 7th Edition, Exhibit 14-1(a): Merge Ramp Influence Area

P
Figure 2 - Typical Freeway Length of Merge Segment, Length = 1500 feet
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Acceleration Lane Lengths: 1-Lane On-Ramp

The Length of First Acceleration Lane for Merge segments is entered for 1-lane on-ramps and is
measured from the end of the painted gore (or channelized line) to the end of the taper, or end of
the segment, whichever is applicable, as shown in Figure 3 or Figure 4 below. The pink line in
Figure 5 represents the Length of First Acceleration Lane. Note, determining the end of the
acceleration lane taper does not need to be exact. The Length of Second Acceleration Lane for
Merge segments for a 1-lane on-ramp is always zero and only applies to a 2-lane on-ramp.

Figure 3 - Highway Capacity Manual 7th Edition, Exhibit 14-5(a): Measuring the Length of Parallel
Acceleration Lane

Figure 4 - Highway Capacity Manual 7th Edition, Exhibit 14-5(b): Measuring the Length of Tapered
Acceleration Lane

Figure 5 - Length of First Acceleration Lane, 1-Lane On-Ramp

See the following Merge Segment examples for 1-lane on-ramps:

e Example 6.2.1.1A #1: Freeway Segment = 1500 feet, Accel Length < Freeway Length
e Example 6.2.1.1A #2: Freeway Segment = 1500 feet, Accel Length > Freeway Length
e Example 6.2.1.1A #3: Freeway Segment < 1500 feet, Accel Length < Freeway Length
e Example 6.2.1.1A #4: Freeway Segment = 1500 feet, Accel Length = Freeway Length (dd-Lane)
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Acceleration Lane Lengths: 2-Lane On-Ramp

The Length of First Acceleration Lane and Length of Second Acceleration Lane for Merge segments
are entered for 2-lane on-ramps. Below are several examples of various configurations.

11,500 ft -
_—
VFI{:—»Z:II:I:Z::I:ZZZ:IZIZZ::I::Z
—_—
PP e
——
—~ VR
| LA1 LA?

Figure 6 - Highway Capacity Manual 7th Edition, Exhibit 14-16: Typical Geometry of a Two-Lane
On-Ramp-Freeway Junction

Note, due to ODOT’s standards, it is highly unlikely LA1 and LA2 as shown in Figure 6 above will
occur within the ramp influence length of 1500 feet. See LDM Figure 505-1a.

See the following Merge Segment examples for 2-lane on-ramps:

e Example 6.2.1.1A #5: Freeway Segment = 1500 feet, Accel Length = Freeway Length (add-Lanes)
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Example 6.2.1.1A #1 - Merge Segment (1-Lane On-Ramp as Merge)
Freeway Segment = 1500 feet, Accel Length < Freeway Length

This example shows a typical Merge Segment with a 1-Lane on-ramp.

Figure 7 - Merge Segment Example 6.2.1.1A #1 - SR-161 EB: On-Ramp from Beech Road
Licking County, OH | Location: 40.0805, -82.7450

« 1500 .

Basic Merge Basic

— «— 680

For this example, enter the following values in HCS:
e Number of Lanes = 2
e Freeway Length: 1500 feet
e Length of First Accel. Lane (LA): 680 feet measured
e Length of Second Accel. Lane (LA2): O feet (There is only one acceleration lane)
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https://maps.app.goo.gl/xp7D2QsUizSYednC6

Example 6.2.1.1A #2 - Merge Segment (1-Lane On-Ramp as Merge)
Freeway Segment = 1500 feet, Accel Length > Freeway Length

This example shows a Merge Segment where the 1-Lane on-ramp joins as a Merge but the
acceleration length is greater than the Freeway Length of 1500 feet. In this case, the acceleration
lane is equal to the Merge Segment and is truncated at 1500 feet.

T =T

( . | \ N N\ T
Figure 8 - Merge Segment Example 6.2.1.1A #2 - US-33 EB: On-Ramp from 1-270 NB
Franklin County, OH | Location: 39.8998, -82.8955

s “ 1730

For this example, enter the following values in HCS:
e Number of Lanes = 4 (There are 4 freeway lanes throughout the entire Freeway Length)
e Freeway Length: 1500 feet
e Length of First Accel. Lane (LA): 1500 feet. Actual Length is 1730 feet but is truncated to
match the Freeway Length.
e Length of Second Accel. Lane (LA2): O feet (There is only one acceleration lane)
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https://maps.app.goo.gl/LEP95oaJhQUjMHGk8

Example 6.2.1.1A #3 - Merge Segment (1-Lane On-Ramp as Merge)
Freeway Segment < 1500 feet, Accel Length < Freeway Length

This example shows a Merge Segment where the 1-Lane on-ramp joins as a Merge, but the Freeway
Length is truncated to less than 1500 feet due to the adjacent Merge segment. The acceleration
length is less than the Freeway Length.

Figure 9 - Merge Segment Example 6.2.1.1A #3 - US-33 WB: On-Ramp from Gender NB
Franklin County, OH | Location: 39.8585°, -82.8283°

N 1210

For this example, enter the following values in HCS:
e Number of Lanes = 2
e Freeway Length: 1210 feet. Length is truncated due to adjacent downstream Merge
segment.
e Length of First Accel. Lane (LA): 640
e Length of Second Accel. Lane (LA2): O feet (There is only one acceleration lane)
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Example 6.2.1.1A #4 - Merge Segment (1-Lane On-Ramp as Add-Lane)
Freeway Segment = 1500 feet, Accel Length = Freeway Length

This example shows a Merge Segment where the 1-Lane on-ramp joins as an add-lane.

Figure 10 - Merge Segment Example 6.2.1.1A #4 - 1-70 WB: On-Ramp from 1-270 SB
Franklin County, OH | Location: 39.9348°, -82.8610°

— « 1500° N

For this example, enter the following values in HCS:
o Number of Lanes = 3 (There are 3 freeway lanes throughout the entire Freeway Length)
e Freeway Length: 1500 feet
e Length of First Accel. Lane (LA): 1500 (Set LA equal to the Freeway Length)
e Length of Second Accel. Lane (LA2): O feet (There is only one acceleration lane)
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Example 6.2.1.1A #5 - Merge Segment (2-Lane On-Ramp as Add-Lanes)
Freeway Segment = 1500 feet, Accel Length = Freeway Length

This example shows a Merge Segment where the 2-Lane on-ramp joins as add-lanes.

Figure 11 - Merge Segment Example 6.2.1.1A #5 - 1-270 NB: On-Ramp from Morse Road
Franklin County, OH | Location: 40.0619°, -82.9047°

I‘ 1500 'I

o 00 |

-

— - 1500 .

For this example, enter the following values in HCS:
e Number of Lanes = 5 (There are 5 freeway lanes throughout the entire Freeway Length)
e Freeway Length: 1500 feet
e Length of First Accel. Lane (LA): 1500 (Set LA equal to the Freeway Length)
e Length of Second Accel. Lane (LA2): O feet (There is only one acceleration lane)
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Example 6.2.1.1B - Diverge Segment

This section provides a variety of real-world Diverge segment examples. All aerial images are from
Google Earth. Current aerial images may be different than what is shown due to recently
implemented improvements. Drawn figures are always shown traveling from the left to right. A
hyperlink to the coordinate (latitude/longitude) to Google Maps is provided below each example.
A Google Earth .kmz is available on ODOT’s website to download.

The Freeway Length for a Diverge segment is measured from the painted gore to 1500 feet
upstream as shown in Figure 12 below. The green line in Figure 13 represents the typical Diverge
Freeway Length of 1500 feet.

\:

- 1,500 ft
Figure 12 - Highway Capacity Manual 7th Edition, Exhibit 14-1(b): Diverge Ramp Influence Area

Figure 13 - Typical Freeway Length of Diverge Segment, Length = 1500 feet
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Deceleration Lane Lengths: 1-Lane Off-Ramp

The Length of First Deceleration Lane for Diverge segments is entered for 1-lane off-ramps and is
measured from the beginning of the deceleration lane taper to the painted gore. The light green
line in Figure 16 represents the Length of First Deceleration Lane. The Length of Second
Deceleration Lane for Diverge segments for a 1-lane off-ramp is always zero and only applies to a
2-lane off-ramp.

Figure 14 - Highway Capacity Manual 7th Edition, Exhibit 14-5(c): Measuring the Length of Parallel
Deceleration Lane

Figure 15 - Highway Capacity Manual 7th Edition, Exhibit 14-5(d): Measuring the Length of Tapered
Deceleration Lane

B —T————

Figure 16 - Length of First Deceleration I:ane, 1-Lane Off-Ramp

See the following Diverge Segment examples for 1-lane off-ramps:

e Example 6.2.1.1B #1: Freeway Segment = 1500 feet, Decel Length < Freeway Length
e Example 6.2.1.1B #2: Freeway Segment = 1500 feet, Decel Length = Freeway Length (brop-Lane)

Page 11 of 53
OATS Manual, January 2026, Appendix F



Deceleration Lane Lengths: 2-Lane Off-Ramp

The Length of First Deceleration Lane and Length of Second Deceleration Lane for Diverge
segments are entered for 2-lane off-ramps. Below are several examples of various configurations.

1,500 ft|

1,500 ft
— —
Ve4—> B ——> > Voo

Figure 17 - Highway Capacity Manual 7th Edition, Exhibit 14-17: Typical Geometry of a Two-Lane
Off-Ramp-Freeway Junction

Note, due to ODOT’s standards, it is highly unlikely LD1 and LDA2 as shown in Figure 17 above will
occur within the ramp influence length of 1500 feet. See LDM Figure 505-2b and Figure 505-2d.

See the following Diverge Segment examples for 2-lane off-ramps:

e Example 6.2.1.1B #3: Freeway Segment = 1500 feet, Decel Length = Freeway Length (Drop-Lanes)

e Example 6.2.1.1B #4: Freeway Segment = 1500 feet, Decel Length < Freeway Length (w/ Option Lane)

e Example 6.2.1.1B #5: Freeway Segment = 1500 feet, Decel Length = Freeway Length (w/ Option Lane)
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Example 6.2.1.1B #1 - Diverge Segment (1-Lane Off-Ramp as Diverge)
Freeway Segment = 1500 feet, Decel Length < Freeway Length

This example shows a typical Diverge Segment with a 1-Lane off-ramp.

Figure 18 - Diverge Segment Example 6.2.1.1B #1 - US-35 WB: Off-Ramp to SR-235
Montgomery County, OH | Location: 39.8651°, -84.0491°

For this example, enter the following values in HCS:
e Number of Lanes = 3
e Freeway Length: 1500 feet
e Length of First Decel. Lane (LD): 545 feet measured
e Length of Second Decel. Lane (LD2): O feet (There is only one deceleration lane)
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https://maps.app.goo.gl/tzYUELhheUyaSR8KA

Example 6.2.1.1B #2 - Diverge Segment (1-Lane Off-Ramp as Drop-Lane)
Freeway Segment = 1500 feet, Decel Length = Freeway Length

This example shows a Diverge Segment where the 1-Lane off-ramp is a drop-lane.

Figure 19 - Diverge Segment Example 6.2.1.1B #2 - US-33 EB: Off-Ramp to SR-317 (Hamilton Road)
Franklin County, OH | Location: 39.8914°, -82.8864°

1500° b‘

For this example, enter the following values in HCS:
e Number of Lanes = 3 (There are 3 freeway lanes throughout the entire Freeway Length)
e Freeway Length: 1500 feet
e Length of First Decel. Lane (LD): 1500 feet (Set LD equal to the Freeway Length)
e Length of Second Decel. Lane (LD2): 0 feet (There is only one deceleration lane)
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Example 6.2.1.1B #3 - Diverge Segment (2-Lane Off-Ramp as Drop-Lanes)
Freeway Segment = 1500 feet, Accel Length = Freeway Length

This example shows a Diverge Segment where the 2-Lane off-ramp are drop-lanes.

Figure 20 - Diverge Segment Example 6.2.1.1B #3 - I-71 NB: Off-Ramp to US-36
Delaware County, OH | Location: 40.2635°, -82.9274°

|- 1500' J\

For this example, enter the following values in HCS:
e Number of Lanes = 5 (There are 5 freeway lanes throughout the entire Freeway Length)
o Freeway Length: 1500 feet
e Length of First Decel. Lane (LD): 1500 feet (Set LD equal to the Freeway Length)
e Length of Second Decel. Lane (LD2): 0 feet (There is only one deceleration lane)
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Example 6.2.1.1B #4 - Diverge Segment (2-Lane Off-Ramp with Option Lane)
Freeway Segment = 1500 feet, Accel Length < Freeway Length

This example shows a Diverge Segment where the 2-Lane off-ramp includes an option lane. This is
a future Build condition at the 1-270 SB off-ramp to Easton Way in Franklin County, OH.

[

For this example, enter the following values in HCS:
e Number of Lanes = 3 (There are 3 freeway lanes at the beginning of the 1500’ Diverge
Segment)
o Freeway Length: 1500 feet
e Length of First Decel. Lane (LD): 0 feet (Distance from the first deceleration taper to
painted gore)
e Length of Second Decel. Lane (LD2): 1220 feet (There is only one deceleration lane)

Page 16 of 53
OATS Manual, January 2026, Appendix F



Example 6.2.1.1B #5 - Diverge Segment (2-Lane Off-Ramp with Option Lane)
Freeway Segment = 1500 feet, Accel Length = Freeway Length

This example shows a Diverge Segment where the 2-Lane off-ramp includes an option lane.

Figure 21 - Diverge Segment Example 6.2.1.1B #5 - I-71 NB: Off-Ramp to SR-161
Franklin County, OH | Location: 40.0846°, -82.9873°

For this example, enter the following values in HCS:
e Number of Lanes = 4 (There are 4 freeway lanes throughout the entire Freeway Length)
o Freeway Length: 1500 feet
e Length of First Decel. Lane (LD): O feet
e Length of Second Decel. Lane (LD2): 1500 feet

Basic Basic Diverge Basic

e e e S e e e e e e e e e e e e e - - -

- e e = e = = = e e = o - -
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https://maps.app.goo.gl/bARwnnUUfxbpnHVa9

Example 6.2.1.1C - Weaving Segment

This section provides a variety of real-world Weaving segment examples. All aerial images are
from Google Earth. Current aerial images may be different than what is shown due to recently
implemented improvements. Drawn figures are always shown traveling from the left to right. A
hyperlink to the coordinate (latitude/longitude) to Google Maps is provided below each example.
A Google Earth .kmz is available on ODOT’s website to download.

The Length of a Weave segment is measured from 500 feet upstream of the on-ramp painted gore
to 500 feet downstream of the off-ramp painted gore as shown in Figure 22 below. The black lines
in Figure 23 represent the 500-foot upstream and downstream measurements and the purple line
represents the Length.

- Base Length, L, -
500 ft 500 ft
Figure 22 - Highway Capacity Manual 7th Edition, Exhibit 10-1(c): Weaving Influence Area

Figure 23 - Length of Weave

Weave Short Length

The Weave Short Length is the distance between the end points of any barrier markings (solid
white lines) that prohibit or discourage lane changing as shown in Figure 24 below. The orange
lines in Figure 25 and Figure 26 represent the Weave Short Length for two scenarios.

Figure 24 - Highway Capacity Manual 7th Edition, Exhibit 13.2: Measuring the Length of a Weaving
Segment
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Per the Highway Capacity Manual, 7™ Edition, page 13-17, the following are lane-changing
variables:

e LCgrr = minimum number of lane changes that a ramp-to-freeway weaving vehicle must
make to complete the ramp-to-freeway movement successfully.

e LCr = minimum number of lane changes that a freeway-to-ramp weaving vehicle must
make to complete the freeway-to-ramp movement successfully.

e NwL = number of lanes from which a weaving maneuver may be completed with one lane
change or no lane changes.

Scenario #1: The difference between the Weave Length and Weave Short Length is 1000 feet
because channelized lines do not exist downstream of the on-ramp painted gore and do not exist
upstream of the off-ramp painted gore.

Figure 25 leference Between Weave Length and Weave Short Length is 1000 feet (1 e. w1thout —
channelized lines)

Scenario #2: The difference between the Weave Length and Weave Short Length is greater than
1000 feet because channelized lines exist downstream of the on-ramp painted gore and/or exist
upstream of the off-ramp painted gore.

Figure 26 - Difference Between Weave Length and Weave Short Length is greater than 1000 feet
(i.e. with channelized line)
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Example 6.2.1.1C #1 - Weaving Segment (1-Lane On-Ramp & 1-Lane Off-Ramp without
Option Lane) - A (Weave Length - Short Legth) = 1000 feet

Figure 27 - Weaving Segment Example 6.2.1.1C #1 - |-70 EB Between SR-256/Taylor Road
Fairfield County, OH | Location: 39.9351°, -82.7827°

Lane #4 Basic Weaving Basic

Lane #3

Lane #2

et 22, 1660 J

" 2660 ,

For this example, enter the following values in HCS:
o Number of Lanes = 4 (This is the number of lanes within the weaving segment)
e Number of Weaving Lanes (NWL) = 2 (The Ramp-to-Freeway and Freeway-to-Ramp
movements can be completed with 0 or 1 lane change from Lane #1 and Lane #2)
e Minimum Lane Changes from Ramp-to-Freeway (shown as red line above) = 1
e Minimum Lane Changes from Freeway-to-Ramp (shown as blue line above) = 1
e Freeway Length = 2660 feet
e Short Length (LS) = 1660 feet
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Example 6.2.1.1C #2 - Weaving Segment (1-Lane On-Ramp & 2-Lane Off-Ramp without
Option Lane) - A (Weave Length - Short Legth) = 1000 feet
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Figure 28 - Weaving Segment Example 6.2.1.1C #2 - 1-270 SB Between US-40/1-70 WB
Franklin County, OH | Location: 39.9503°, -82.8454° (Google Aerial dated Aug 2022)

Lane #4

Lane #3

Lane #2

For this example, enter the following values in HCS:
o Number of Lanes = 4 (This is the number of lanes within the weaving segment)
o Number of Weaving Lanes (NWL) = 2 (The Ramp-to-Freeway and Freeway-to-Ramp
movements can be completed with 0 or 1 lane change from Lane #2 and Lane #3)
e Minimum Lane Changes from Ramp-to-Freeway (shown as red line above) = 2
e Minimum Lane Changes from Freeway-to-Ramp (shown as blue line above) = 0
e Freeway Length = 5040 feet
e Short Length (LS) = 4040 feet
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Example 6.2.1.1C #3 - Weaving Segment (2-Lane On-Ramp & 1-Lane Off-Ramp without
Option Lane) - A (Weave Length - Short Legth) = 1000 feet

Figure 29 - Weaving Segment Example 6.2.1.1C #3 - 1-670 EB Between US-33/Grandview Ave
Franklin County, OH | Location: 39.9688°, -83.0502°

.L‘ 1140°
2140

X

For this example, enter the following values in HCS:

Number of Lanes = 5 (This is the number of lanes within the weaving segment)
Number of Weaving Lanes (NWL) = 2 (The Ramp-to-Freeway and Freeway-to-Ramp
movements can be completed with 0 or 1 lane changes from Lane #1 and Lane #2)
Minimum Lane Changes from Ramp-to-Freeway (shown as red line above) = 0
Minimum Lane Changes from Freeway-to-Ramp (shown as blue line above) = 2
Freeway Length = 2140 feet

Short Length (LS) = 1140 feet
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Example 6.2.1.1C #4 - Weaving Segment (1-Lane On-Ramp & 2-Lane Off-Ramp with Option
Lane) - A (Weave Length - Short Legth) > 1000 feet

U]

‘..:,‘..‘!: iy

Figure 30 - Weaving Segment Example 6.2.1.1C #4 - 1-75 NB Between Austin Blvd/I-675 EB
Montgomery County, OH | Location: 39.6011°, -84.2362°

Lane #4 Basic Weaying Basic
Lane #3
Lane #2 ‘ \ - '

A 4

For this example, enter the following values in HCS:

o Number of Lanes = 4 (This is the number of lanes within the weaving segment)

e Number of Weaving Lanes (NWL) = 3 (The Ramp-to-Freeway and Freeway-to-Ramp
movements can be completed with 0 or 1 lane changes from Lane #1, #2, and #3)

e Minimum Lane Changes from Ramp-to-Freeway (shown as red line above) = 1

e Minimum Lane Changes from Freeway-to-Ramp (shown as blue line above) = 0

e Freeway Length = 5380 feet

e Short Length (LS) = 3850 feet
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Example 6.2.1.1D - Overlap Segment

This section provides a variety of real-world Overlap segment examples. All aerial images are from
Google Earth. Current aerial images may be different than what is shown due to recently
implemented improvements. Drawn figures are always shown traveling from the left to right. A
hyperlink to the coordinate (latitude/longitude) to Google Maps is provided below each example.
A Google Earth .kmz is available on ODOT’s website to download.

The Highway Capacity Manual 7t" Edition, Chapter 10 Freeway Facilities Core Methodology, Facility
Segmentation Guidance, Page 10-7 states, “When the gore-to-gore length of two adjacent merge
and diverge segments is less than 3,000 ft but longer than 1,500 ft and no auxiliary lane exists, the
section should be coded as a series of three segments, with the middle segment being defined as
an overlap segment (merge, overlap, diverge). In this case, the overlap segment length is the
difference between 3,000 ft and the gore-to-gore spacing, and the merge and diverge segment
lengths are equal to the gore-to-gore spacing minus 1,500 ft.”

Below are the steps to determining inputs including an overlap segment:

1. Verify a Merge segment is closely followed by a Diverge segment.
2. Measure the gore-to-gore distance. If the gore-to-gore distance is:
a. > 3000 feet then code a Basic segment between the Merge and Diverge. See Figure
32 below and Example 6.2.1.1G Segment #1 as an example.
b. <3000 feet and > 1500 feet then code an Overlap segment between the Merge and
Diverge. See Step 3 below for additional information and examples below.
c. <1500 feet then the Merge and Diverge segments are coded adjacent to each
other. See Example 6.2.1.1 F - Other Scenarios for examples.
3. The Overlap length is determined by:
a. Delineate the 1500-foot Merge segment, shown as the red line in Figure 31 below.
b. Delineate the 1500-foot Diverge segment, shown as the green line in Figure 31
below.
c. Delineate the Overlap by measuring the section where the Merge and Diverge
segments overlap, shown as the yellow line in Figure 31 below.
4. As a check, ensure the following:
a. Merge Freeway Length + Overlap Length = 1500 feet
b. Overlap Length + Diverge Length = 1500 feet
c. 3000 feet - Gore-to-Gore Distance = Overlap Length

—

Figure 31 - Overlap Length between Merge and Diverge
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Length, £ = 4,000 ft

< > >

1,500 ft 1,000 ft 1,500 ft
Basic Merge Basic Diverge Basic

Figure 32 - Highway Capacity Manual 7th Edition, Exhibit 10-11(a): Defining Analysis Segments for a
Ramp Configuration (Gore-to-Gore Spacing > 3000 feet)

Length, £ = 3,000 ft

1,500 ft 1,500 ft
Basic Merge Diverge Basic

Figure 33 - Highway Capacity Manual 7th Edition, Exhibit 10-11(b): Defining Analysis Segments for
a Ramp Configuration (Gore-to-Gore Spacing = 3000 feet)

. Length, £ =2,000 ft

»

_ so0ft  1,000ft  S00ft .
Basic Merge Merge/Diverge Diverge Basic
Overlap

Figure 34 - Highway Capacity Manual 7th Edition, Exhibit 10-11(c): Defining Analysis Segments for a
Ramp Configuration (Gore-to-Gore Spacing < 3000 feet)
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Example 6.2.1.1D #1 - Overlap Segment (1-Lane On-Ramp & 1-Lane Off-Ramp)
Accel/Decel Lane not Within the Overlap Segment

This example shows a typical Overlap Segment between a 1-Lane on-ramp Merge and 1-Lane off-
ramp Diverge.

- |

Figure 35 - Overlap Segment Example 6.2.1.1D #1 - I-71 NB Between Cooke/Morse
Franklin County, OH | Location: 40.0540°, -82.9978°

{ Gore-to-Gore = 2840’

| 1240 160 |—le 1240' }
e 1 1240 |

—

E

For this example, enter the following values in HCS:
e Number of Lanes = 3
e Freeway Length: 160 feet

Page 26 of 53
OATS Manual, January 2026, Appendix F
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Example 6.2.1.1D #2 - Overlap Segment (1-Lane On-Ramp & 1-Lane Off-Ramp)
Accel Lane within the Overlap Segment/Decel Lane not Within the Overlap Segment

This example shows an Overlap Segment between a 1-Lane on-ramp Merge and 1-Lane off-ramp
Diverge where the acceleration lane is within the Overlap segment.

Figure 36 - Overlap Segment Example 6.2.1.1D #2 - I-75 SB Between 1-675 WB/SR-25
Montgomery County, OH | Location: 39.6315°, -84.2306°

{ Gore-to-Gore = 2390’ |

eeney |
1 1500
| 1500 l >
 lvbed | 1
Basic Merge Overlap Diverge Basic

For this example, enter the following values in HCS for the Overlap segment:
e Number of Lanes = 3
e Freeway Length: 610 feet

For this example, enter the following values in HCS for the Merge segment:
e Number of Lanes = 3
o Freeway Length: 890 feet
e Acceleration Length = 890 feet. The actual acceleration length is 985 feet but needs to be
truncated at the end the Merge Segment.
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Example 6.2.1.1D #3 - Overlap Segment (1-Lane On-Ramp & 2-Lane Off-Ramp)
Accel Lane not Within the Overlap Segment/Decel Lane Within the Overlap Segment

This example shows an Overlap Segment between a 1-Lane on-ramp Merge and 2-Lane off-ramp
Diverge where the deceleration lane is within the Overlap segment.

el

»—

> h"&?‘ >

- Vare:

e A

Figure 37 - Overlap Segment Example 6.2.1.1D #3 - SR-315 NB Between US-40/US-33
Franklin County, OH | Location: 39.9610°, -83.0183°

{ Gore-to-Gore = 2055’ }
555 ["945' | ~ [ 555 |——
| ol
1500

—
['1500'} »
=== i

Basic Merge Overlap Diverge Basic

For this example, enter the following values in HCS for the Overlap segment:
e Number of Lanes = 3
o Freeway Length: 945 feet

For this example, enter the following values in HCS for the Diverge segment:
e Number of Lanes = 4
o Freeway Length: 555 feet
e Acceleration Length = 555 feet. The actual acceleration length is 685 feet but needs to be
truncated at the end of the Overlap Segment.
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Example 6.2.1.1E - Basic Segment

This section provides a variety of real-world Basic segment examples. All aerial images are from
Google Earth. Current aerial images may be different than what is shown due to recently
implemented improvements. Drawn figures are always shown traveling from the left to right. A
hyperlink to the coordinate (latitude/longitude) to Google Maps is provided below each example.
A Google Earth .kmz is available on ODOT’s website to download.

Basic segments are generally measured between Merge, Diverge, and Weave segments. There are
cases where there are adjacent Basic Segments with different properties, see the examples
below.

Example 6.2.1.1E #1 - Adjacent Basic Segments (Number of Lanes Increases)

This example shows two adjacent Basic segments where the number of lanes increases. For this
example, enter the following values in HCS:
e Basic (2-Lane) Segment (blue line): Measure from the beginning to where the full-width of
3 lanes starts.

e Basic (3-Lane) Segment (light line): Measure from the end of the previous Basic segment to
beginning of next segment (which is a weave, shown as the purple line).

Y
Figure 38 - Basic Segment Example 6.2.1.1E #1: US-33 EB & I-270 Interchange
Franklin County, OH | Location: 39.9037, -82.9035
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https://maps.app.goo.gl/R56vXEWHpNnysM1E9

Example 6.2.1.1E #2 - Adjacent Basic Segments (Number of Lanes Reduces)

This example shows two adjacent Basic segments where the number of lanes reduces. For this
example, enter the following values in HCS:
e Basic (3-Lane) Segment (blue line): Measure from the beginning to where the full-width of
3 lanes ends.
e Basic (2-Lane) Segment (light line): Measure from the end of the previous Basic segment to
beginning of next segment (which is a Diverge).

Figure 39 - Basic Segment Example 6.2.1.1E #2: |-77 NB between SR-18/Ghent Road
Summit County, OH | Location: 41.1438°, -81.6424°

- e e e < o s e i - e
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Example 6.2.1.1E #3 - Adjacent Basic Segments (Speed Limit Change)

This example shows two adjacent Basic segments where there is a change in the posted speed
limit. The black line in Figure 40 below represents where the posted speed limit changes from 55
mph to 65 mph. For this example, enter the following values in HCS:

e Basic (4-Lane) Segment (blue line): Free Flow Speed = 60 mph.

e Basic (4-Lane) Segment (light line): Free Flow Speed = 70 mph.

TR AT
: .

Figure 40 - Basic Segment Example 6.2.1.1E #3: SR-161 EB between Little Turtle
Franklin County, OH | Location: 40.0800°, -82.8749°

o ———

Way/Hamilton Rd

~ — %] .
\ Merge Basic Basic Basic
"""""""" SPEED|EE @ ISPEEP] T T T T T T
---------------- LIMIT (SRR — — == o oo o] LIMIT == = =im = = e
---------------- SS|EEE 165>
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Example 6.2.1.1F - Other Facilities Scenarios

This section provides a variety of real-world examples for scenarios not covered by the previous
examples. All aerial images are from Google Earth. Current aerial images may be different than
what is shown due to recently implemented improvements. Drawn figures are always shown
traveling from the left to right. A hyperlink to the coordinate (latitude/longitude) to Google Maps
is provided below each example. A Google Earth .kmz is available on ODOT’s website to download.

(INTENTIONALLY LEFT BLANK - EXAMPLE WILL BE ADDED)
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Example 6.2.1.1G - Facilities Example(s)
Example #1: 2-Lane freeway with 5 segments (Basic-Diverge-Basic-Merge-Basic) - See next page.

Determine the Segment Lengths

This example explains how to measure the segment lengths for an HCS Facilities analysis, required
as part of an Interchange Operations Study (I0S) for improvements along SR-188 at the US-33
interchange.

Project information

County: Fairfield

Route/Direction: US-33 WB

Crossroad: SR-188

Location: Between US-22 and Coonpath Road.
Project Location: 39.6909, -82.6617

1) Determine the types of segments. For this example, there are five segments (Basic - Diverge -
Basic - Merge - Basic). See Figure 41 below.
2) Measure the Merge and Diverge segments. See Example 6.2.1.1B Diverge Segment and Example
6.2.1.1A Merge Segment for additional guidance. There are 2 Merges and 2 Diverges that need to
be measured. All Merge and Diverge segments have a length of 1500'.

a) On-Ramp from US-22 (Merge) - This is measured to determine where Segment 1 (Basic) begins

b) Off-Ramp to SR-188 (Diverge)

¢) On-Ramp from SR-188 (Merge)

d) Off-Ramp to Coonpath Road (Diverge) - This is measured to determine where Segment 5
(Basic) ends.
3) Measure the Basic segments in between the Merge/Diverge Segments. There are 3 Basic
segments that need to be measured.

a) Between the On-Ramp from US-22 and the Off-Ramp to SR-188. This length is 6200'

b) Between the Off-Ramp to SR-188 and the On-Ramp from SR-188. This length is 2700'.

a) Between the On-Ramp from SR-188 and the Off-Ramp to Coonpath Road. This length is
15,500

Determine the Deceleration Length (Diverge Segment) and Acceleration Length (Merge
Segment)

See Example 6.2.1.1A Merge Segment and Example 6.2.1.1B Diverge Segment for additional
guidance.

1) The Deceleration Length is 525'.

2) The Acceleration Length is 725'.
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Segment A1 (Basic) Segment #2 (Diverge) Segment #3 (Basic)
1500 6200 1500 | 2700 ‘
£
......... H
Oft-Ramp
to SR-188
Segment #4 (Merge) Segment #5 (Basic)
2 1500 ] 155001 1509
S . -
On-Ramp Otf-Ramp
from SR-188 to Coonpath Road
Figure 41 - HCS Facilities Example, 5 Segments (Basic-Diverge-Basic-Merge-Basic) US-33 WB,
Fairfield County, OH | Location: 39.6909°, -82.6617°
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Example 6.2.1.1H - Facilities: Additional Guildance

The following colors are required to be used when measuring the various lengths for mainline
analyses using HCS Facilities.

o Line Color (see below) - These are Basic colors in Google Earth, shown with (Red-Green-
Blue) combination.
e Line Width: 5.0 e Opacity: 100%

Segment

Type Freeway Length

Accel/Decel or Weave Short Length

Length of First Accel. Lane (LA)
Pink (255-170-255)
Length of First Decel. Lane (LD)

Length of Second Accel. Lane (LA2)

Merge Red (255-0-0)

Length of Second Decel. Lane (LD2)
Pale Green (170-255-127)

Diverge

Short Length
Lavender (170-170-255)

Weaving Purple (85-0-255)

Overlap Yellow (255-255-0)

Blue (0-0-255)

Basic

Light Blue (85-170-255)

*Note, the Light Blue color for the Basic segment is to be used when there are two adjacent Basic segments. This occurs when a

Basic segment increases or decreases the number of lanes.

Merge Freeway Length Merge - 1st Acceleration Lane  Merge - 2nd Acceleration Lane
* [hoose Line Color % * Chooss Line Color X
Basic ok ‘ e rohes
L L L L0 Rl L L L 11
! T " T ErE "
mme o mEEew
L1 N R L L L LA
mEm mmE
mEEEaw 1] LB B
Pt Soeen Do Pxx Sarves Coloe
ew Bt 2N Mhee: 200 5 Bt 2% g 300 D Rsit 3
- G 0 - N L | o 255 L Qe 0
Lasdum wers " ooe 0 Casturn s w1 e Custore cobory veb 25 e 5
Aot et 235 . At et 135 Nphe theme: 9
At b Custam Crdany [ELL SR L At s Custam Colary TN ettt Add % Qo Cobans [T SRR S
o Comnt o Conn o Canund
Diverge - Freeway Length Diverge - 1st Deceleration Lane Diverge - 2nd Deceleration Lane
= Choose Line Color % * [hoose Line Color » Cwoss Line Color X
[[EORETIe Bene Lohey B rokrs 4
LL L 1 2 R LL L L R L L L R0 R
F T " T " . "
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Pk Soven Dok Pk Soven Cove Bxx Srves Color
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Cudum s W10 S B 0 . Cusurm s W . Boe 0 Custore cobory e o 1
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At b st Crdary WML #0080 At o Custen Codary WML oo Add o Qo Cobans [IAL SRE - 0
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Weaving - Freeway Length Weaving - Short Length

X || % Choose Line Color x
I | .
[
|
|
.
|
Mog: 260 Redi &8 3 Mog: 240 3 Red! 100 3
S 255 L Green, O = Sat: BS I Green 170 2
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fee: 80 T Bedo233
| SIS LG 25 L
| ashum cor W . e 0
| Apho hment. 235 .
E A8 9 Cirstem Cobary WL evos
o Conw
Basic — Freeway Length Basic — Freeway Length
:.g,».. e ok ¥  Choose Line Color L

OATS Manual, January 2026, Appendix F

Page 36 of 53



Example 6.2.1.11 - Other Analyses

e This section provides additional guidance for HCS mainline analyses that are not covered
elsewhere.

(INTENTIONALLY LEFT BLANK - EXAMPLE WILL BE ADDED)
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Example 6.2.2.1A - Storage Length input in HCS Streets
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Figure 42 - Location of Storage Length input in the HCS Streets module
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Example 6.2.2.1B - Storage Length

Within the Primary Input Data area, Traffic section, “Storage Length” needs to be entered for
all movements. Below is guidance on how to determine storage length for the various
configurations. All aerial images are from Google Earth.

The colors shown in Figure 43 below are required to be used when measuring the various storage
lengths.

e Line Color (see below) - These are Basic colors in Google Earth, shown with (Red-Green-
Blue combination.

e Line Width: 5.0

e Opacity: 100%

Figure 43 - Colors to Use in Google Earth When Measuring Storage Lengths

Lane Color

Left Spring Green (0-255-127)
Thru Cyan (0-255-255)
Right Red (255-0-0)

See Figure 44 to Figure 54 for locations not involving interchange ramps:

Figure 44 - Storage Length of Exclusive Single Left Turn Lane

Figure 45 - Storage Length of Exclusive Dual Left Turn Lanes with Different Lengths
Figure 46 - Thru Lane(s) with Equal Lengths

Figure 47 - Storage Length of Thru Lanes with Different Lengths

Figure 48 - Storage Length of Thru Lane with Excessive Length to Upstream Intersection
Figure 49 — Storage Length of Thru Lane Within a Private Property

Figure 50 — Measuring to the Second Public Roadway

Figure 51 — Measuring to the Second Public Roadway (Closeup)

Figure 52 - Storage Length of Exclusive Single Right Turn Lane

Figure 53 — Storage Length of Exclusive Dual Right Turn Lanes with Different Lengths
Figure 54 — Storage Length of Right Turn Lane that Extends to Upstream Intersection

See Figure 55 to Figure 61 for locations involving interchange ramps

Figure 55 - Storage Length of Right-Turn Slip-Lane

Figure 56 - Storage Length of One-Lane Off-Ramp with (LTR) Approach

Figure 57 — Measuring Thru Lane Beyond Upstream Public Roadway to Interchange Ramp
Figure 58 — Measuring Thru Lane to Upstream Interchange Ramp, Example #1

Figure 59 — Measuring Thru Lane to Upstream Interchange Ramp, Example #2

Figure 60 - Storage Length of One-Lane Off-Ramp (L-L-R-R Configuration at Stop Bar)
Figure 61 - Storage Length of Two-Lane Off-Ramp (L-LTR-R Configuration at Stop Bar)
Figure 61 - Storage Length of Two-Lane Off-Ramp (L-LTR-R Configuration at Stop Bar)
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HCS provides the following information when you press F1 while in the Storage Length input:

Turn Bay Length and Segment Length

Description: For left-turns and right-turns this entry specifies turn pocket lengths for each
approach. For through movements this entry specifies segment lengths for each approach. Turn
bay length represents the length of the bay for which the lanes have full width and in which queued
vehicles can be stored. The turn bay length does not include the bay taper. Bay length is measured
parallel to the roadway centerline. If a two-way left-turn lane is provided for left-turning vehicle
storage and adjacent access points exist, then the bay length entered should represent the
“effective” storage length available to the subject left-turn movement. The effective length must
consider adjacent access points and their associated left-turn vehicles, which may also store in the
two-way left-turn lane.

Impact on model results: Turn bay lengths and segment lengths affect the "queue storage ratio"
output, and the time until onset of queue spillback.

Storage Lengths not at Interchange Ramps (Left Turn Lanes)

Exclusive Single Left Turn Lane - Measure the length of the full-width lane from the stop bar to
end of taper. The green line in Figure 44 represents the left turn storage length.

Figure 44 - Storage Length of Exclusive Single Left Turn Lane
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Exclusive Dual Left Turn Lanes with Different Lengths - Measure the length of the full-width
lane from the stop bar to end of taper for each left turn lane. The green lines in Figure 45
represent the left turn storage lengths. For this case, the storage length of the left turn lane is
the average of the 2 left turn lanes. The inside left turn lane has a length of 270 feet and the
outside left turn lane has a length of 670 feet. The average is (270’ + 670°)/2 = 470 feet.

. : % 2

Figure 45 - Storage Length of Exclusive Dual Left Turn Lanes with Different Lengths

Storage Lengths not at Interchange Ramps (Thru Lanes)

Thru Lane(s) with Equal Lengths - Measure the length from the stop bar to the upstream radius
return of the public roadway. The turquoise line in Figure 46 represents the thru lane storage
length.

_:_'—_—-_—'—_—

>
*

Figure 46 - Thru Lane(s) with Equal Lengths

Thru Lanes with Different Lengths - For lanes that extend to the upstream intersection, measure
the length from the stop bar to the upstream radius return of the public roadway. For lanes that
add/reduce between intersections, measure the length of the full-width lane. The turquoise lines
in Figure 47 represent the thru lane storage lengths. For this example, 2 lanes with a length of 655
feet extend to the upstream intersection. A third lane develops between the two intersections
with a length of 310 feet. The storage for the thru lane is the average of the 3 lanes which is (655’
+ 655’ + 310’)/3 = 540 feet.

Figure 47 - Storage Length of Thru Lanes with Different Lengths
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Thru Lane with Excessive Length to Upstream Intersection - For a thru lane that extends an

excessive length to the upstream intersection, the traffic analyst is not required to measure the
full length if the queue storage ratio is less than 1.0. The turquoise line in Figure 48 represents the
thru lane storage length, measured from the stop bar to the upstream radius return of the public
roadway, which is nearly 2 miles. For this example, the volume in the thru lane for the highest
peak hour is 200 which results in a 95" percentile queue of less than 100 feet. Therefore, when
measuring this length, it is acceptable to enter a length of 499 feet where the last two digits of
“99” indicates the actual length is much longer than the entered length.

Figure 48 - Storage Length of Thru Lane with Excessive Length to Upstream Intersection

Measuring Thru Lane within a private property - This example shows a case when the storage
needs to be measured within a private property (i.e. mall, shopping plaza, etc.). The turquoise
line Figure 50 represents the southbound thru lane, measured from the stop bar to the front of the
buildings. There is additional storage available; however, it is unnecessary to measure the total
available storage.

Figure ;19 Storage Length of Thru Lane Within a Private Property
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Measuring Thru Lane to the Second Public Roadway - This example shows a case when the

storage needs to be measured to the second upstream public roadway. The turquoise line Figure
50 and Figure 51 represents the southbound thru lane. The first public roadway upstream of the

subject intersection is a right-in/right-out (RIRO) in the opposite direction; therefore, it is not
considered.

/i
P . Google Earth

Figure 5-.1 - Measuring to the Second Public Roadway (Closeup)
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Storage Lengths not at Interchange Ramps (Right Turn Lanes)

Exclusive Single Right Turn Lane - Measure the length of the full-width lane from the stop bar to

end of taper. The red line in Figure 52 represents the left turn storage length.

ail!

Figure 52 - Storage Length of Exclusive Single Right Turn Lane

Exclusive Dual Right Turn Lanes with Different Lengths - Measure the length of the full-width
lane from the stop bar to end of taper for each right turn lane. The red lines in Figure x represent
the right turn storage lengths. For this case, the storage length of the right turn lane is the
average of the 2 right turn lanes. The inside right turn lane has a length of 340 feet and the
outside right turn lane has a length of 500 feet. The average is (340’ + 500’)/2 = 420 feet.

3 T |
3L YT
. . /
|
8 - T3 '
g u e . :
" "'I' I ) <+ ] '.?. .
Figure 53 - Storage Length of Exclusive Dual Right Turn Lanes with Different Lengths
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Turn Lane that Extends to Upstream Intersection - Left or right turn lanes that extend to the
upstream intersection are measured the same as a thru lane. Measure the length from the stop bar
to the upstream radius return of the public roadway. The red line in Figure 54 represents the
right turn lane storage length.

Storage Lengths at Interchange Ramps

Right-Turn Slip-Lane - See Example 6.2.2.1D for guidance on how to measure thru/turn lanes
when a right-turn slip-lane is analyzed. Figure 55 shows an example.

Figure 55 - Storage Length of Right-Turn Slip-Lane
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1-Lane Off-Ramp with Shared Left-Thru-Right Lane (LTR) - This example is a 1-lane off-ramp
that terminates as a 1-lane approach at the stop bar with a (LTR) configuration. Storage length
entered for the thru movement is determined by measuring from the stop bar to the physical
gore. The turquoise line in Figure 56 represents the length.

Figure 56 - Storage Length of One-Lane Off-Ramp with (LTR) Approach

Measuring Thru Lane Beyond Upstream Public Roadway to Interchange Ramp - This example
shows a case when the storage needs to be measured from the stop bar, past the upstream public
roadway, and to a point where to the queuing could negatively impact interchange operations.
The blue line in Figure 57 represents the distance from the stop bar to the upstream public
roadway. The turquoise line in Figure 57 represents the thru lane storage length.

———

Figure 5 -Measuring Thru Lane Beyond Upstream Public Roadway to Interchange Ramp
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Measuring Thru Lane to Upstream Interchange Ramp - This example shows a case when the

storage needs to be measured from the stop bar to a point where to the queuing could negatively
impact interchange operations. The turquoise lines in Figure 58 and Figure 59 represents the thru
lane storage length.
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lFigure 59 - Measuring Thru Lane to Upstream Interchange Ramp, Example #2
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1-Lane Off-Ramp with (L-L-R-R) Approach - This example is a 1-lane off-ramp that widens to 2
lanes (left-right), then develops an additional left and right turn lane. The lane configuration at
the stop bar is (left-left-right-right). The green line (600’) in Figure 60 represents the inside left
turn storage. The orange line (765’) is the length of the outside left turn lane and the outside
right turn lane, the red line (620’) is the inside turn lane, and the turquoise line (825’) is from the
physical gore to where the ramp widens to 2-lanes. The storage for the left turn lane is calculated
by adding the green, orange, and half of the turquoise line then dividing by 2 since there are 2
left turn lanes at the stop bar, which is (600’ + 765’ + 825°/2’)/2 = 889 feet, round to 890’.The
storage for the right turn lane is calculated similarly and would be (620’ + 765’ + 825’/2’)/2 = 899
feet, round to 900’

Figure 60 - Storage Length of One-Lane Off-Ramp (L-L-R-R Configuration at Stop Bar)

2-Lane Off-Ramp with (L-LTR-R) Approach - This example is a 2-lane off-ramp where one lane

becomes a shared left-thru-right lane and develops a left turn lane. The other off-ramp lane
becomes a right-turn lane. The green line in Figure 61 represents the left turn lane storage length
and is measured as previously described. The turquoise and red lines in Figure 61 represent the
thru lane and the right turn lane, respectively. They are measured from the stop bar to the
physical gore. See Example 6.2.2.1C for additional information.

Figure 61 - Storage Length of Two-Lane Off-Ramp (L-LTR-R Configuration at Stop Bar)
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Example 6.2.2.1C - Shared Lane with (L-LTR-R) Approach

This example analysis shows the southbound approach has a (L-LTR-R) lane configuration, which
includes a shared lane. The initial analysis shown in Figure 62 is incorrect. As analyzed, the SBT
movement, or shared lane, is not computing results because HCS views the SB approach as a (L-R)
lane configuration since values for the percent of left and right turns using the shared lane have not
been entered.

HCS provides the following information when you hit F1 while in the “Percent Turns in Shared
Lane” input:

Percent Turns in Shared Lane

Description: These entries specify the percentage of left-turn or right-turn vehicles using the
shared lane instead of the exclusive lane. These entries are only applicable to shared-plus-exclusive
lane configurations.

Impact on model results: The vehicular demands affect most aspects of the overall model;
including control delay, time until onset of queue spillback, queue lengths, and travel time.

HCS Signalized Intersection Results Graphical Summary ]

General Information Intersection Information

Agency ODOT Duration, h 0.250

Analyst GLH Analysis Date {Jul 20, 2023 Area Type Other

Jurisdiction District 7 Time Period |AM No-Build PHF 0.92

Urban Street SR-725 Analysis Year {2045 Analysis Period |1>7:00

Intersection SR-725 & I-75 SB Ramps | File Name 2045 AM No-Build, SR-725 & I-75 SB Ramps.xus

Project Description MOT-725-14.41, PID 108619

Demand Information EB W8 NB SB |
Approach Movement L T R L 1. R L T R L 1L R
Demand ( v ), veh/h 1090 | 820 § 150 | 1010 690 0 750
Signal Information i G

Cycle, s 120.0 | Reference Phase | 2 = & ] ! , | d
Offset, s 1 Reference Point End Green 508 176 435 100 00 00

Uncoordinated| No | Simult. Gap EW | On ['Yellow 4.0 40 4.0 0.0 0.0 0.0 /

Force Mode | Fixed | Simult. Gap N/S On |Red |20 2.0 2.0 0.0 0.0 0.0 5 5 7 &
Movement Group Results EB wB NB SB
Approach Movement L T R L T R L T R L R
Back of Queue ( Q ), ft/in ( 95 th percentile) 533 17575. 208 | 2409 1157.5) 0 |1761.8
Back of Queue ( Q ), veh/In ( 95 th percentile) 208 | 694 | 8.1 9.4 456 | 0.0 | 694
Queue Storage Ratio ( RQ ) ( 95 th percentile) 135 | 449 | 0.89 | 0.32 201 §0.00 } 1.54
Control Delay ( d ), s/veh 33.1 | 1856 50.7 | 16.6 114.7 § 0.0 | 220.0
Level of Service (LOS) C F D B F =
Approach Delay, s/veh / LOS 986 | F 210 | C 00 | 1696 | F
Intersection Delay, s/veh / LOS 101.3 F

Figure 62 - HCS Streets Graphical Summary, Initial Analysis (source: McTrans) - I-75/SR-725
Interchange, Montgomery County | Location: 39.6400, -84.2335
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The following steps are needed to properly analyze this configuration:

1. Within the Primary Input Data area, Traffic section, enter a volume of 1 for the SBT
movement.

2. Within the Detailed Input Data area, Intersection section, enter values in “Percent Turns
in Shared Lane”. For this analysis, data was not available on the lane utilization of the shared
lane; therefore, the assumption is right turning vehicles using the shared lane will be no
more than 20%. Where right turn on red is allowed for the curb lane, the expected percent
of right turning vehicles in the shared lane will most likely be minimal. Left turning vehicles
using the shared lane will be adjusted until the exclusive left and shared lane have
approximate queue lengths.

a. For this example, 38% of the left turns and 20% of right turns use the shared lane,
see Figure 64.
3. Optimize the intersection.

The final analysis is shown in Figure 63.

HCS Signalized Intersection Results Graphical Summary \

General Information Intersection Information

Agency ODOT Duration, h 0.250

Analyst GLH Analysis Date {Jul 20, 2023 Area Type Other

Jurisdiction District 7 Time Period |AM No-Build PHF 0.92

Urban Street SR-725 Analysis Year {2045 Analysis Period {1>7:00

Intersection SR-725 & I-75 SB Ramps | File Name 2045 AM No-Build, SR-725 & I-75 SB Ramps.xus

Project Description MOT-725-14.41, PID 108619

Demand Information EB WB NB SB

Approach Movement L T R L 1. R L T R L L§: R

Demand ( v ), veh/h 1090 | 820 §| 150 | 1010 690 1 750

Signal Information P -

Cycle, s 120.0 | Reference Phase 2 -_-g L ] ; . ! .

Ofisst. s 1| Reference Point | End FeroerTesn (7.0 (390 |00 |00 |00

Uncoordinated| No |Simult. GapEW | On [Vellow 4.0 40 14.0 0.0 0.0 0.0 <

Force Mode Fixed | Simult. Gap N/S On ||[Red 2.0 2.0 2.0 0.0 0.0 0.0 5 5 2 &

Movement Group Results EB WwB NB SB

Approach Movement L T R L T R L T R L T R

Back of Queue ( Q ), ft/n ( 95 th percentile) 484 | 1481.1206.3 | 219.7 Im 462.3)1209.1
3

Back of Queue ( Q ), veh/In ( 95 th percentile) 189 | 579 | 8.1 8.6 186 | 182 | 476

Queue Storage Ratio ( RQ ) ( 95 th percentile) 123 | 375 | 0.88 | 0.29 082 | 040 | 1.06

Control Delay ( d ), siveh 274 113130 47.2 | 13.9 422 | 428 | 160.9

Level of Service (LOS) C E D B D D F

Approach Delay, s/veh / LOS 720 | E 182 | B 00 | 918 | F

Intersection Delay, s/veh / LOS 64.5 E

Figure 63 - HCS Streets Graphical Summary, Final Analysis (source: McTrans) - I-75/SR-725
Interchange, Montgomery County | Location: 39.6400, -84.2335
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I'l HCS Streets - [2045 AM No-Build, SR-725 & |-75 SB Ramps.xus] - o X
ol File View Edit Windows Reports Help - 8 X
o =AEoR Ro R - IIE Intersection: 1> SR-725&1-7558 + + StrtTime: [700  |Period: 15700 - + o-
=
Classic Mode  Visual Mode
£ DETAILED INFUT DATA, "
General Intersection
Analyst D | EBL EBT EBR WBL WET WBR NBL NBT NBR SBL SBT SBR
Agency/Co  [0DOT | Shored Lane 0O
Date |Th|-| . duly 20,2023 B~ | I Percent Tums in Shared Lane 0 0 0 0 0 0 m
Time Period |N'U'| Mo-Build | Percent Unopposed Left Tums 0 0 0 0
Analysis Year |ZD-15 | Heaviest Lane Volume, veh/h 0 o 0 0 0 0 0 0 [1] [1] [1] 0
| Dt 7 | Start-Up Lost Time. s 20 |20 |20 |20 |20 |20 |z0 |20 |20 |20 |20 |20
' Extension of Effective Green. s 30 |30 |30 |30 |30 |30 |20 |20 |30 |30 [[30 |30
W45 A -] il TR - 7R 9 — [— —
Data File 2045 AM Mo-Build, SR-725 & 1-75 SB R, Walk Interval, s 00 00 00 00
General Pedestrian Clear Interval, s 0.0 00 00 0.0
Mumber of Calculation herations Receiving Lanes 3 G 1
Tum Radius, ft 112 3z | 32 |12 32
Crtical 1 G um Radius, £ ¥4 Z T4 -
ical Merge Laap. s Work Zone Active O
Stored Vehicle Lane Length, f Left/Thn Lanes Open 4 £ L 2
Approach Width, ft 240 480 0.0 240
Length of Detected Vehicle, ft Bus Blockage Time, s 144 144 144
Parking M Time, 18 18 |18 18 |8 18 |18 18
Stored Heavy Vehicle Length, f andng Hanewver time. s 12| e | e | [s ] 2|
Opposing Right-Tum Lane Influence O O
Queue Length Percentie 55 " Field Proportion Amivingon Green 0.0 ][0.48 ][0.48 |[0.07 |[0.58 [0.00 ][0.00 ][0.00 [0.00 |[0:33 ][0.33 |[0.33 |
W
£ >
Figure 64 - HCS Streets, Detailed Input Data, Percent Turns in Shared Lane (source: McTrans)
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Example 6.2.2.1D - Shared Lane with (T-TR) Approach & Right Turn Slip Lane

This example analysis discusses how to analyze an intersection that includes a right turn slip lane.
Depending on the operational results, a multi-step analysis may be required. Note, this example
assumes the ramps are free-flow (i.e. traffic control device for a pedestrian crossing is not present
or anticipated. Traffic simulation may be required if traffic control devices are on the right turn
slip lanes), Figure 65 shows the northbound approach has a (T-TR) lane configuration.

/ I \
) oy 0 ' \ v
gy f /i N ' )
| / 1 N L[
£/ / [ \ | W

Figure 65 - Right Turn Slip Lane as a Shared Lane (thru lane does not block right turn movement) -
I1-270/Hamilton Road Interchange, Franklin County | Location: 40.0047, -82.8676

1. Analyze the intersection with all movements except for the northbound right movement
[i.e. code the northbound approach as two thru lanes, (T-T)]. The northbound thru storage
length will be the length to where it would block the northbound right vehicles. The
yellow line in Figure 65 represents the thru storage length.

2. Does the 95" percentile queue of the northbound thru exceed the storage entered in the
step above?

a. NO - The northbound thru is not predicted to queue block the northbound right,
which should allow the northbound right movement to function as a free-flow
movement. Change the northbound approach configuration to (T-T-R), enter the
northbound right volume, and select the northbound right as an unsignalized
movement (go to the Primary Input Data area, Traffic section). The northbound
right is not an exclusive turn lane; however, it must be coded this way so the turn
volume can be included in the analysis.

b. YES - The northbound thru is predicted to queue block the northbound right,
which will not always function as a free-flow movement.

i. Change the northbound approach to (T-TR)

ii. For the storage length, measure from the stop bar back to the upstream
intersection. The turquoise line in Figure 66 represents the thru storage
length.

iii. Does the 95" percentile queue of the northbound thru exceed the storage
entered in the step above?

1. NO - Analysis is complete.
2. YES - Microsimulation may be required. Analyzing the northbound
approach with a (T-TR) configuration will provide a conservative
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analysis since the northbound right movement may sometimes
function as a free-flow movement and will be blocked other times
from the northbound thru queue.

Figure 66 - Right Turn Slip Lane as a Shared Lane (thru lane blocks right turn movement) -
I1-270/Hamilton Road Interchange, Franklin County | Location: 40.0047, -82.8676
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Example 6.2.2 (3-Lane Approach) - #1 (L-L-TR)
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AM Build PM Build Final Design

Intersection: SR-61/Cardinal Way
Traffic Control: Signalized
Approach: Eastbound

Design Speed: 35 mph

Cycle Length(s) = 120s (AM/PM)

Determine Required Storage (Queue + Deceleration) for Turn Lane
The left turn lanes are at a signalized intersection with a design speed of 35 mph; therefore, the storage is based on LDM Figure 401-9 Condition A.

Calculate Required Storage of Left Turn Lanes for AM Peak Hour

1) Calculate the average number of vehicles per cycle for the AM peak hour for the left turn lanes, round the answer up to the next whole number, and determine the
queue length per LDM Figure 401-10. This length is shown in the AM Build figure to the left in green. For this example there are 2 left turn lanes, so we need to calculate
the left turn volume per hour per lane then round up to the next interval of 10.

(60 veh/hr )/2 lanes = 30 veh/hr/lane > 30 veh/hr/lane

[(30 veh/hr)*(120 s/cyc)]/3600 s/hr = 1.0 veh/cyc > 1 veh/cyc > 50 feet.

2) Calculate the average number of vehicles per cycle per lane for the thru/adjacent lanes, round the answer up to the next whole number, and determine the queue
length per LDM Figure 401-10. This length is shown in the AM Build figure to the left in blue. For this example there is a single thru/right shared lane, so we need to add
the thru and right turn volumes. Total volume in thru/shared lane = 0 (thru volume) + 100 (right turn volume) = 100.

[(100 veh/hr)*(120 s/cyc)]/3600 s/hr = 3.3 veh/cyc > 4 veh/cyc > 175 feet.

3) Compare the calculated lengths from Step 1 and Step 2. For this example the left turn lane required storage (50 feet) is less than the thru/adjacent lane queue (175
feet); therefore, the left turn lane storage needs to be extended so left turning vehicles can enter the left turn lane without being blocked by the thru/adjacent lane.
4) This example has 2 left turn lanes; therefore, only the left turn lane adjacent to the thru/right shared lane needs to be extended.

Left turn lane extension = Step 2 - Step 1 = 175 feet - 50 feet = 125 feet.

5) The required storage of the left turn lanes are:

Inside left turn lane = 50 feet.

Outside left turn lane = Step 1 + Step 4 = 50 feet (queue) + 125 feet (extension) = 175 feet.

Calculate Required Storage of Left Turn Lanes for PM Peak Hour

1) Calculate the average number of vehicles per cycle for the PM peak hour for the left turn lanes, round the answer up to the next whole number, and determine the
queue length per LDM Figure 401-10. This length is shown in the PM Build figure to the left in green. For this example there are 2 left turn lanes, so we need to calculate
the left turn volume per hour per lane then round up to the next interval of 10.

(270 veh/hr )/2 lanes = 135 veh/hr/lane > 140 veh/hr/lane

[(140 veh/hr)*(120 s/cyc)]/3600 s/hr = 4.5 veh/cyc > 5 veh/cyc > 200 feet.

2) Calculate the average number of vehicles per cycle per lane for the thru/adjacent lanes, round the answer up to the next whole number, and determine the queue
length per LDM Figure 401-10. This length is shown in the PM Build figure to the left in blue. For this example there is a single thru/right shared lane, so we need to add
the thru and right turn volumes. Total volume in thru/shared lane = 0 (thru volume) + 270 (right turn volume) = 270.

[(270 veh/hr)*(120 s/cyc)]/3600 s/hr = 9.0 veh/cyc > 9 veh/cyc > 350 feet.

3) Compare the calculated lengths from Step 1 and Step 2. For this example the left turn lane required storage (200 feet) is less than the thru/adjacent lane queue (350
feet); therefore, the left turn lane storage needs to be extended so left turning vehicles can enter the left turn lane without being blocked by the thru/adjacent lane.
4) This example has 2 left turn lanes; therefore, only the left turn lane adjacent to the thru/right shared lane needs to be extended.

Left turn lane extension = Step 2 - Step 1 = 350 feet - 200 feet = 150 feet.

5) The required storage of the left turn lanes are:

Inside left turn lane = 200 feet.

Outside left turn lane = Step 1 + Step 4 = 200 feet (queue) + 150 feet (extension) = 350 feet.

Determine Required Storage of Turn Lane

1) Per the AM and PM peak hour calculations the required storage for the inside left turn lane is 50 feet and 200 feet, respectively.
2) Per the AM and PM peak hour calculations the required storage for the outside left turn lane is 175 feet and 350 feet, respectively.
3) The required storage for the inside left turn lane is 200 feet. The required storage for the outside left turn lane is 350 feet.

4) See figure to the left for the Final Design.
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Determine Required Storage (Queue + Deceleration) for Turn Lane
The left turn lanes are at a signalized intersection with a design speed of 35 mph; therefore, the storage is based on LDM Figure 401-9 Condition A.

Calculate Required Storage of Left Turn Lanes for AM Peak Hour
1) Calculate the average number of vehicles per cycle for the AM peak hour for the left turn lanes, round the answer up to the next whole number, and determine the queue length per LDM Figure 401-10. This length is shown in the AM Build figure to the left in green. For this example there are 2 left turn lanes, so we need to calculate the left turn volume per hour per lane then round up to the next interval of 10.
(60 veh/hr )/2 lanes = 30 veh/hr/lane > 30 veh/hr/lane
[(30 veh/hr)*(120 s/cyc)]/3600 s/hr = 1.0 veh/cyc > 1 veh/cyc > 50 feet.
2) Calculate the average number of vehicles per cycle per lane for the thru/adjacent lanes, round the answer up to the next whole number, and determine the queue length per LDM Figure 401-10. This length is shown in the AM Build figure to the left in blue. For this example there is a single thru/right shared lane, so we need to add the thru and right turn volumes. Total volume in thru/shared lane = 0 (thru volume) + 100 (right turn volume) = 100.
[(100 veh/hr)*(120 s/cyc)]/3600 s/hr = 3.3 veh/cyc > 4 veh/cyc > 175 feet.
3) Compare the calculated lengths from Step 1 and Step 2. For this example the left turn lane required storage (50 feet) is less than the thru/adjacent lane queue (175 feet); therefore, the left turn lane storage needs to be extended so left turning vehicles can enter the left turn lane without being blocked by the thru/adjacent lane.
4) This example has 2 left turn lanes; therefore, only the left turn lane adjacent to the thru/right shared lane needs to be extended. 
Left turn lane extension = Step 2 - Step 1 = 175 feet - 50 feet = 125 feet.
5) The required storage of the left turn lanes are:
Inside left turn lane = 50 feet.
Outside left turn lane = Step 1 + Step 4 = 50 feet (queue) + 125 feet (extension) = 175 feet.

Calculate Required Storage of Left Turn Lanes for PM Peak Hour
1) Calculate the average number of vehicles per cycle for the PM peak hour for the left turn lanes, round the answer up to the next whole number, and determine the queue length per LDM Figure 401-10. This length is shown in the PM Build figure to the left in green. For this example there are 2 left turn lanes, so we need to calculate the left turn volume per hour per lane then round up to the next interval of 10.
(270 veh/hr )/2 lanes = 135 veh/hr/lane > 140 veh/hr/lane
[(140 veh/hr)*(120 s/cyc)]/3600 s/hr = 4.5 veh/cyc > 5 veh/cyc > 200 feet.
2) Calculate the average number of vehicles per cycle per lane for the thru/adjacent lanes, round the answer up to the next whole number, and determine the queue length per LDM Figure 401-10. This length is shown in the PM Build figure to the left in blue. For this example there is a single thru/right shared lane, so we need to add the thru and right turn volumes. Total volume in thru/shared lane = 0 (thru volume) + 270 (right turn volume) = 270.
[(270 veh/hr)*(120 s/cyc)]/3600 s/hr = 9.0 veh/cyc > 9 veh/cyc > 350 feet.
3) Compare the calculated lengths from Step 1 and Step 2. For this example the left turn lane required storage (200 feet) is less than the thru/adjacent lane queue (350 feet); therefore, the left turn lane storage needs to be extended so left turning vehicles can enter the left turn lane without being blocked by the thru/adjacent lane.
4) This example has 2 left turn lanes; therefore, only the left turn lane adjacent to the thru/right shared lane needs to be extended. 
Left turn lane extension = Step 2 - Step 1 = 350 feet - 200 feet = 150 feet.
5) The required storage of the left turn lanes are:
Inside left turn lane = 200 feet.
Outside left turn lane = Step 1 + Step 4 = 200 feet (queue) + 150 feet (extension) = 350 feet.

Determine Required Storage of Turn Lane
1) Per the AM and PM peak hour calculations the required storage for the inside left turn lane is 50 feet and 200 feet, respectively.
2) Per the AM and PM peak hour calculations the required storage for the outside left turn lane is 175 feet and 350 feet, respectively.
3) The required storage for the inside left turn lane is 200 feet. The required storage for the outside left turn lane is 350 feet.
4) See figure to the left for the Final Design.


Peak Hour
Volumes

- 100" =

- 200" =

- 300" =

— 400 —

- 500" =

— 600 —

- 700" =

- 800" =

— >800" —
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AM Build PM Build Final Design

Intersection: SR-61/Cardinal Way
Traffic Control: Signalized
Approach: Northbound

Design Speed: 50 mph

Cycle Length(s) = 120s (AM/PM)

Determine Required Storage (Queue + Deceleration) for Turn Lane
The left turn lane is at a signalized intersection with a design speed of 50 mph; therefore, the storage is based on LDM Figure 401-9 Condition Condition B or Condition C,
whichever is greater.

Calculate Required Storage of Left Turn Lane for AM Peak Hour
1) Required Storage for Condition B = High speed deceleration only = 175 feet

2) Required Storage for Condition C = Queue Length (see Step 3 below) + Moderate Speed Deceleration

3) Calculate the average number of vehicles per cycle for the AM peak hour for the left turn lane, round the answer up to the next whole number, and determine the queue
length per LDM Figure 401-10. This length is shown in the AM Build figure to the left in green.

[(240 veh/hr)*(120 s/cyc)]/3600 s/hr = 8.0 veh/cyc > 8 veh/cyc > 325 feet.

4) Per LDM Figure 401-10, moderate speed deceleration is 100 feet.

5) Required storage of the left turn lane = Step 3 + Step 4 = 325 feet (queue) + 100 feet (decel) = 425 feet.

6) Calculate the average number of vehicles per cycle per lane for the thru/adjacent lanes, round the answer up to the next whole number, and determine the queue length
per LDM Figure 401-10. This length is shown in the AM Build figure to the left in blue. For this example there are 2 thru lanes, so we need to calculate the thru plus right turn
volume per hour per lane then round up to the next interval of 10. Total volume in thru lanes = 440 (thru volume) + 210 (right turn volume) = 650.

(650 veh/hr )/2 lanes = 325 veh/hr/lane > 330 veh/hr/lane

[(330 veh/hr)*(120 s/cyc)]/3600 s/hr = 10.8 veh/cyc > 11 veh/cyc > 400 feet.

7) Compare the calculated lengths from Step 5 and Step 6. For this example the left turn lane required storage (425 feet) is more than the thru/adjacent lane queue (400
feet); therefore, the left turn lane storage does not need to be extended so left turning vehicles can enter the left turn lane without being blocked by the thru/adjacent lane.
8) Left turn lane extension (N/A)

9) The required storage of the left turn lane = Step 5 + Step 8 = 425 feet (queue + decel) + 0 feet (extension) = 425 feet.

Calculate Required Storage of Left Turn Lane for PM Peak Hour
1) Required Storage for Condition B = High speed deceleration only = 175 feet

2) Required Storage for Condition C = Queue Length (see Step 3 below) + Moderate Speed Deceleration

3) Calculate the average number of vehicles per cycle for the PM peak hour for the left turn lane, round the answer up to the next whole number, and determine the queue
length per LDM Figure 401-10. This length is shown in the AM Build figure to the left in green.

[(130 veh/hr)*(120 s/cyc)]/3600 s/hr = 4.3 veh/cyc > 5 veh/cyc > 200 feet.

4) Per LDM Figure 401-10, moderate speed deceleration is 100 feet.

5) Required storage of the left turn lane = Step 3 + Step 4 = 200 feet (queue) + 100 feet (decel) = 300 feet.

6) Calculate the average number of vehicles per cycle per lane for the thru/adjacent lanes, round the answer up to the next whole number, and determine the queue length
per LDM Figure 401-10. This length is shown in the PM Build figure to the left in blue. For this example there are 2 thru lanes, so we need to calculate the thru plus right turn
volume per hour per lane then round up to the next interval of 10. Total volume in thru lanes = 1250 (thru volume) + 230 (right turn volume) = 1480.

(1480 veh/hr )/2 lanes = 740 veh/hr/lane > 740 veh/hr/lane

[(740 veh/hr)*(120 s/cyc)]/3600 s/hr = 24.7 veh/cyc > 25 veh/cyc > 825 feet.

7) Compare the calculated lengths from Step 5 and Step 6. For this example the left turn lane required storage (300 feet) is less than the thru/adjacent lane queue (825 feet);
therefore, the left turn lane storage needs to be extended so left turning vehicles can enter the left turn lane without being blocked by the thru/adjacent lane.

8) Left turn lane extension = Step 6 - Step 5 = 825 feet - 300 feet = 525 feet.

9) The required storage of the left turn lane = Step 5 + Step 8 = 300 feet (queue + decel) + 525 feet (extension) = 825 feet.

Determine Required Storage of Turn Lane

1) Per the AM and PM peak hour calculations the required storage for the left turn lane is 425 feet and 825 feet, respectively.
2) The required storage for the left turn lane is 825 feet.

3) See PM Build figure to the left for the Final Design.
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Determine Required Storage (Queue + Deceleration) for Turn Lane
The left turn lane is at a signalized intersection with a design speed of 50 mph; therefore, the storage is based on LDM Figure 401-9 Condition Condition B or Condition C, whichever is greater.

Calculate Required Storage of Left Turn Lane for AM Peak Hour
1) Required Storage for Condition B = High speed deceleration only = 175 feet

2) Required Storage for Condition C = Queue Length (see Step 3 below) + Moderate Speed Deceleration
3) Calculate the average number of vehicles per cycle for the AM peak hour for the left turn lane, round the answer up to the next whole number, and determine the queue length per LDM Figure 401-10. This length is shown in the AM Build figure to the left in green. 
[(240 veh/hr)*(120 s/cyc)]/3600 s/hr = 8.0 veh/cyc > 8 veh/cyc > 325 feet.
4) Per LDM Figure 401-10, moderate speed deceleration is 100 feet.
5) Required storage of the left turn lane = Step 3 + Step 4 = 325 feet (queue) + 100 feet (decel) = 425 feet.
6) Calculate the average number of vehicles per cycle per lane for the thru/adjacent lanes, round the answer up to the next whole number, and determine the queue length per LDM Figure 401-10. This length is shown in the AM Build figure to the left in blue. For this example there are 2 thru lanes, so we need to calculate the thru plus right turn volume per hour per lane then round up to the next interval of 10. Total volume in thru lanes = 440 (thru volume) + 210 (right turn volume) = 650.
(650 veh/hr )/2 lanes = 325 veh/hr/lane > 330 veh/hr/lane
[(330 veh/hr)*(120 s/cyc)]/3600 s/hr = 10.8 veh/cyc > 11 veh/cyc > 400 feet.
7) Compare the calculated lengths from Step 5 and Step 6. For this example the left turn lane required storage (425 feet) is more than the thru/adjacent lane queue (400 feet); therefore, the left turn lane storage does not need to be extended so left turning vehicles can enter the left turn lane without being blocked by the thru/adjacent lane.
8) Left turn lane extension (N/A)
9) The required storage of the left turn lane = Step 5 + Step 8 =  425 feet (queue + decel) + 0 feet (extension) = 425 feet.

Calculate Required Storage of Left Turn Lane for PM Peak Hour
1) Required Storage for Condition B = High speed deceleration only = 175 feet

2) Required Storage for Condition C = Queue Length (see Step 3 below) + Moderate Speed Deceleration
3) Calculate the average number of vehicles per cycle for the PM peak hour for the left turn lane, round the answer up to the next whole number, and determine the queue length per LDM Figure 401-10. This length is shown in the AM Build figure to the left in green. 
[(130 veh/hr)*(120 s/cyc)]/3600 s/hr = 4.3 veh/cyc > 5 veh/cyc > 200 feet.
4) Per LDM Figure 401-10, moderate speed deceleration is 100 feet.
5) Required storage of the left turn lane = Step 3 + Step 4 = 200 feet (queue) + 100 feet (decel) = 300 feet.
6) Calculate the average number of vehicles per cycle per lane for the thru/adjacent lanes, round the answer up to the next whole number, and determine the queue length per LDM Figure 401-10. This length is shown in the PM Build figure to the left in blue. For this example there are 2 thru lanes, so we need to calculate the thru plus right turn volume per hour per lane then round up to the next interval of 10. Total volume in thru lanes = 1250 (thru volume) + 230 (right turn volume) = 1480.
(1480 veh/hr )/2 lanes = 740 veh/hr/lane > 740 veh/hr/lane
[(740 veh/hr)*(120 s/cyc)]/3600 s/hr = 24.7 veh/cyc > 25 veh/cyc > 825 feet.
7) Compare the calculated lengths from Step 5 and Step 6. For this example the left turn lane required storage (300 feet) is less than the thru/adjacent lane queue (825 feet); therefore, the left turn lane storage needs to be extended so left turning vehicles can enter the left turn lane without being blocked by the thru/adjacent lane.
8) Left turn lane extension = Step 6 - Step 5 = 825 feet - 300 feet = 525 feet.
9) The required storage of the left turn lane = Step 5 + Step 8 =  300 feet (queue + decel) + 525 feet (extension) = 825 feet.

Determine Required Storage of Turn Lane
1) Per the AM and PM peak hour calculations the required storage for the left turn lane is 425 feet and 825 feet, respectively.
2) The required storage for the left turn lane is 825 feet.
3) See PM Build figure to the left for the Final Design.
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Intersection: SR-61/1-71 SB Ramps
Traffic Control: Signalized
Approach: Northbound

Design Speed: 50 mph

Cycle Length(s) = 120s (AM/PM)

Determine Required Storage (Queue + Deceleration) for Turn Lane
The left turn lane is at a signalized intersection with a design speed of 50 mph; therefore, the storage is based on LDM Figure 401-9 Condition Condition B or Condition C,
whichever is greater.

Calculate Required Storage of Left Turn Lane for AM Peak Hour
1) Required Storage for Condition B = High speed deceleration only = 175 feet

2) Required Storage for Condition C = Queue Length (see Step 3 below) + Moderate Speed Deceleration

3) Calculate the average number of vehicles per cycle for the AM peak hour for the left turn lane, round the answer up to the next whole number, and determine the
queue length per LDM Figure 401-10. This length is shown in the AM Build figure to the left in green.

[(240 veh/hr)*(120 s/cyc)]/3600 s/hr = 8.0 veh/cyc > 8 veh/cyc > 325 feet.

4) Per LDM Figure 401-10, moderate speed deceleration is 100 feet.

5) Required storage of the left turn lane = Step 3 + Step 4 = 325 feet (queue) + 100 feet (decel) = 425 feet.

6) Calculate the average number of vehicles per cycle per lane for the thru/adjacent lanes, round the answer up to the next whole number, and determine the queue
length per LDM Figure 401-10. This length is shown in the AM Build figure to the left in blue. For this example there are 2 thru lanes, so we need to calculate the thru
volume per hour per lane then round up to the next interval of 10.

(770 veh/hr )/2 lanes = 385 veh/hr/lane > 390 veh/hr/lane

[(390 veh/hr)*(120 s/cyc)]/3600 s/hr = 12.8 veh/cyc > 13 veh/cyc > 475 feet.

7) Compare the calculated lengths from Step 5 and Step 6. For this example the left turn lane required storage (425 feet) is less than the thru/adjacent lane queue (475
feet); therefore, the left turn lane storage needs to be extended so left turning vehicles can enter the left turn lane without being blocked by the thru/adjacent lane.
8) Left turn lane extension = Step 6 - Step 5 = 475 feet - 425 feet = 50 feet.

9) The required storage of the left turn lane = Step 5 + Step 8 = 425 feet (queue + decel) + 50 feet (extension) = 475 feet.

Calculate Required Storage of Left Turn Lane for PM Peak Hour
1) Required Storage for Condition B = High speed deceleration only = 175 feet

2) Required Storage for Condition C = Queue Length (see Step 3 below) + Moderate Speed Deceleration

3) Calculate the average number of vehicles per cycle for the AM peak hour for the left turn lane, round the answer up to the next whole number, and determine the
queue length per LDM Figure 401-10. This length is shown in the PM Build figure to the left in green.

[(150 veh/hr)*(120 s/cyc)]/3600 s/hr = 5.0 veh/cyc > 5 veh/cyc > 200 feet.

4) Per LDM Figure 401-10, moderate speed deceleration is 100 feet.

5) Required storage of the left turn lane = Step 3 + Step 4 = 200 feet (queue) + 100 feet (decel) = 300 feet.

6) Calculate the average number of vehicles per cycle per lane for the thru/adjacent lanes, round the answer up to the next whole number, and determine the queue
length per LDM Figure 401-10. This length is shown in the PM Build figure to the left in blue. For this example there are 2 thru lanes, so we need to calculate the thru
volume per hour per lane then round up to the next interval of 10.

(1500 veh/hr )/2 lanes = 750 veh/hr/lane > 750 veh/hr/lane

[(750 veh/hr)*(120 s/cyc)]/3600 s/hr = 25.0 veh/cyc > 25 veh/cyc > 825 feet.

7) Compare the calculated lengths from Step 5 and Step 6. For this example the left turn lane required storage (300 feet) is less than the thru/adjacent lane queue (825
feet); therefore, the left turn lane storage needs to be extended so left turning vehicles can enter the left turn lane without being blocked by the thru/adjacent lane.
8) Left turn lane extension = Step 6 - Step 5 = 825 feet - 300 feet = 525 feet.

9) The required storage of the left turn lane = Step 5 + Step 8 = 300 feet (queue + decel) + 525 feet (extension) = 825 feet.

Determine Required Storage of Turn Lane

1) Per the AM and PM peak hour calculations the required storage for the left turn lane is 475 feet and 825 feet, respectively.
2) The required storage for the left turn lane is 825 feet.

3) See figure to the left for the Final Design.
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Determine Required Storage (Queue + Deceleration) for Turn Lane
The left turn lane is at a signalized intersection with a design speed of 50 mph; therefore, the storage is based on LDM Figure 401-9 Condition Condition B or Condition C, whichever is greater.

Calculate Required Storage of Left Turn Lane for AM Peak Hour
1) Required Storage for Condition B = High speed deceleration only = 175 feet

2) Required Storage for Condition C = Queue Length (see Step 3 below) + Moderate Speed Deceleration
3) Calculate the average number of vehicles per cycle for the AM peak hour for the left turn lane, round the answer up to the next whole number, and determine the queue length per LDM Figure 401-10. This length is shown in the AM Build figure to the left in green. 
[(240 veh/hr)*(120 s/cyc)]/3600 s/hr = 8.0 veh/cyc > 8 veh/cyc > 325 feet.
4) Per LDM Figure 401-10, moderate speed deceleration is 100 feet.
5) Required storage of the left turn lane = Step 3 + Step 4 = 325 feet (queue) + 100 feet (decel) = 425 feet.
6) Calculate the average number of vehicles per cycle per lane for the thru/adjacent lanes, round the answer up to the next whole number, and determine the queue length per LDM Figure 401-10. This length is shown in the AM Build figure to the left in blue. For this example there are 2 thru lanes, so we need to calculate the thru volume per hour per lane then round up to the next interval of 10.
(770 veh/hr )/2 lanes = 385 veh/hr/lane > 390 veh/hr/lane
[(390 veh/hr)*(120 s/cyc)]/3600 s/hr = 12.8 veh/cyc > 13 veh/cyc > 475 feet.
7) Compare the calculated lengths from Step 5 and Step 6. For this example the left turn lane required storage (425 feet) is less than the thru/adjacent lane queue (475 feet); therefore, the left turn lane storage needs to be extended so left turning vehicles can enter the left turn lane without being blocked by the thru/adjacent lane.
8) Left turn lane extension = Step 6 - Step 5 = 475 feet - 425 feet = 50 feet.
9) The required storage of the left turn lane = Step 5 + Step 8 =  425 feet (queue + decel) + 50 feet (extension) = 475 feet.

Calculate Required Storage of Left Turn Lane for PM Peak Hour
1) Required Storage for Condition B = High speed deceleration only = 175 feet

2) Required Storage for Condition C = Queue Length (see Step 3 below) + Moderate Speed Deceleration
3) Calculate the average number of vehicles per cycle for the AM peak hour for the left turn lane, round the answer up to the next whole number, and determine the queue length per LDM Figure 401-10. This length is shown in the PM Build figure to the left in green. 
[(150 veh/hr)*(120 s/cyc)]/3600 s/hr = 5.0 veh/cyc > 5 veh/cyc > 200 feet.
4) Per LDM Figure 401-10, moderate speed deceleration is 100 feet.
5) Required storage of the left turn lane = Step 3 + Step 4 = 200 feet (queue) + 100 feet (decel) = 300 feet.
6) Calculate the average number of vehicles per cycle per lane for the thru/adjacent lanes, round the answer up to the next whole number, and determine the queue length per LDM Figure 401-10. This length is shown in the PM Build figure to the left in blue. For this example there are 2 thru lanes, so we need to calculate the thru volume per hour per lane then round up to the next interval of 10.
(1500 veh/hr )/2 lanes = 750 veh/hr/lane > 750 veh/hr/lane
[(750 veh/hr)*(120 s/cyc)]/3600 s/hr = 25.0 veh/cyc > 25 veh/cyc > 825 feet.
7) Compare the calculated lengths from Step 5 and Step 6. For this example the left turn lane required storage (300 feet) is less than the thru/adjacent lane queue (825 feet); therefore, the left turn lane storage needs to be extended so left turning vehicles can enter the left turn lane without being blocked by the thru/adjacent lane.
8) Left turn lane extension = Step 6 - Step 5 = 825 feet - 300 feet = 525 feet.
9) The required storage of the left turn lane = Step 5 + Step 8 =  300 feet (queue + decel) + 525 feet (extension) = 825 feet.

Determine Required Storage of Turn Lane
1) Per the AM and PM peak hour calculations the required storage for the left turn lane is 475 feet and 825 feet, respectively.
2) The required storage for the left turn lane is 825 feet.
3) See figure to the left for the Final Design.
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Intersection: SR-61/1-71 NB Ramps

Traffic Control: Signalized

Approach: Eastbound. Note, this example is for a 1-lane off-ramp at a service interchange where the ramp lane develops into a shared left/thru lane with left and right
turn lanes.

Design Speed: 35 mph

Cycle Length(s) = 120s (AM/PM)

Determine Required Storage (Queue + Deceleration) for Turn Lane
The left and right turn lanes are at a signalized intersection with a design speed of 35 mph; therefore, the storage is based on LDM Figure 401-9 Condition A.

Calculate Required Storage of Turn Lane for AM Peak Hour

1) Determine the queue for the left and right turn lanes. Calculate the average number of vehicles per cycle for the turn lane. Round the answer up to the next whole number
and determine the queue length per LDM Figure 401-10. These lengths are shown in the AM Build figure to the left in green (left turn lane) and red (right turn lane).

2) The approach has a (L-LT-R) lane configuration; therefore, the assumption is 50% of the left turning vehicles will use the left/thru shared lane.

There are two lanes containing a left turn lane; therefore, we need to calculate the number of veh/hr/lane first, round the answer up to the next interval of 10, and
determine the queue length per LDM Figure 401-10.

2A) Left turn lane: (500+0)/2=250 veh/lane/hr > 250 veh/lane/hr

[(250 veh/hr)*(120 s/cyc)]/3600 s/hr = 8.3 veh/cyc > 9 veh/cyc > 350 feet.

2B) Right turn lane: [(150 veh/hr)*(120 s/cyc)]/3600 s/hr = 5.0 veh/cyc > 5 veh/cyc > 200 feet.

3) Calculate the average number of vehicles per cycle for the thru/adjacent lane, round the answer up to the next whole number, and determine the queue length per LDM
Figure 401-10. This length is shown in the AM Build figure to the left in blue.

[(250 veh/hr)*(120 s/cyc)]/3600 s/hr = 8.3 veh/cyc > 9 veh/cyc > 350 feet.

4) Compare the calculated lengths from Step 2A/2B and Step 3.

4A) For this example the left turn lane required storage (350 feet) is the same as the thru/adjacent lane queue (350 feet); therefore, the left turn lane storage does not need
to be extended so left turning vehicles can enter the left turn lane without being blocked by the thru/adjacent lane.

4B) For this example the right turn lane required storage (200 feet) is less than as the thru/adjacent lane queue (350 feet); therefore, the right turn lane storage needs to be
extended so right turning vehicles can enter the right turn lane without being blocked by the thru/adjacent lane.

5A) Left turn lane extension (N/A)

5B) Right turn lane extension = Step 3 - Step 2B = 350 feet - 200 feet = 150 feet

6A) The required storage of the left turn lane = Step 2A + Step 5A = 350 feet (queue) + O feet (extension) = 350 feet.

6B) The required storage of the right turn lane = Step 2B + Step 5B = 200 feet (queue) + 150 feet (extension) = 350 feet.

Calculate Required Storage of Turn Lane for PM Peak Hour

1) Determine the queue for the left and right turn lanes. Calculate the average number of vehicles per cycle for the turn lane. Round the answer up to the next whole number
and determine the queue length per LDM Figure 401-10. These lengths are shown in the PM Build figure to the left in green (left turn lane) and red (right turn lane).

2) The approach has a (L-LT-R) lane configuration; therefore, the assumption is 50% of the left turning vehicles will use the left/thru shared lane.

There are two lanes containing a left turn lane; therefore, we need to calculate the number of veh/hr/lane first, round the answer up to the next interval of 10, and
determine the queue length per LDM Figure 401-10.

2A) Left turn lane: (1040+0)/2=520 veh/lane/hr > 520 veh/lane/hr

[(520 veh/hr)*(120 s/cyc)]/3600 s/hr = 17.3 veh/cyc > 18 veh/cyc > 625 feet.

2B) Right turn lane: [(270 veh/hr)*(120 s/cyc)]/3600 s/hr = 9.0 veh/cyc > 9 veh/cyc > 350 feet.

3) Calculate the average number of vehicles per cycle for the thru/adjacent lane, round the answer up to the next whole number, and determine the queue length per LDM
Figure 401-10. This length is shown in the PM Build figure to the left in blue.

[(520 veh/hr)*(120 s/cyc)]/3600 s/hr = 17.3 veh/cyc > 18 veh/cyc > 625 feet.

4) Compare the calculated lengths from Step 2A/2B and Step 3.

4A) For this example the left turn lane required storage (625 feet) is the same as the thru/adjacent lane queue (625 feet); therefore, the left turn lane storage does not need
to be extended so left turning vehicles can enter the left turn lane without being blocked by the thru/adjacent lane.

4B) For this example the right turn lane required storage (350 feet) is less than as the thru/adjacent lane queue (625 feet); therefore, the right turn lane storage needs to be
extended so right turning vehicles can enter the right turn lane without being blocked by the thru/adjacent lane.

5A) Left turn lane extension (N/A)

5B) Right turn lane extension = Step 3 - Step 2B = 625 feet - 350 feet = 275 feet

6A) The required storage of the left turn lane = Step 2A + Step 5A = 625 feet (queue) + 0 feet (extension) = 625 feet.

6B) The required storage of the right turn lane = Step 2B + Step 5B = 350 feet (queue) + 275 feet (extension) = 625 feet.

Determine Required Storage of Turn Lane

1) Per the AM and PM peak hour calculations the required storage for the left turn lane is 350 feet and 625 feet, respectively.
2) Per the AM and PM peak hour calculations the required storage for the right turn lane is 325 feet and 625 feet, respectively.
3) The required storage for the left turn lane is 625 feet and for the right turn lane is 625 feet.

4) See figure to the left for the Final Design.
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Approach: Eastbound. Note, this example is for a 1-lane off-ramp at a service interchange where the ramp lane develops into a shared left/thru lane with left and right turn lanes.
Design Speed: 35 mph
Cycle Length(s) = 120s (AM/PM) 
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Determine Required Storage (Queue + Deceleration) for Turn Lane
The left and right turn lanes are at a signalized intersection with a design speed of 35 mph; therefore, the storage is based on LDM Figure 401-9 Condition A.

Calculate Required Storage of Turn Lane for AM Peak Hour
1) Determine the queue for the left and right turn lanes. Calculate the average number of vehicles per cycle for the turn lane. Round the answer up to the next whole number and determine the queue length per LDM Figure 401-10. These lengths are shown in the AM Build figure to the left in green (left turn lane) and red (right turn lane). 
2) The approach has a (L-LT-R) lane configuration; therefore, the assumption is 50% of the left turning vehicles will use the left/thru shared lane.
There are two lanes containing a left turn lane; therefore, we need to calculate the number of veh/hr/lane first, round the answer up to the next interval of 10, and determine the queue length per LDM Figure 401-10.
2A) Left turn lane: (500+0)/2=250 veh/lane/hr > 250 veh/lane/hr
[(250 veh/hr)*(120 s/cyc)]/3600 s/hr = 8.3 veh/cyc > 9 veh/cyc > 350 feet.
2B) Right turn lane: [(150 veh/hr)*(120 s/cyc)]/3600 s/hr = 5.0 veh/cyc > 5 veh/cyc > 200 feet.
3) Calculate the average number of vehicles per cycle for the thru/adjacent lane, round the answer up to the next whole number, and determine the queue length per LDM Figure 401-10. This length is shown in the AM Build figure to the left in blue.
[(250 veh/hr)*(120 s/cyc)]/3600 s/hr = 8.3 veh/cyc > 9 veh/cyc > 350 feet.
4) Compare the calculated lengths from Step 2A/2B and Step 3. 
4A) For this example the left turn lane required storage (350 feet) is the same as the thru/adjacent lane queue (350 feet); therefore, the left turn lane storage does not need to be extended so left turning vehicles can enter the left turn lane without being blocked by the thru/adjacent lane.
4B) For this example the right turn lane required storage (200 feet) is less than as the thru/adjacent lane queue (350 feet); therefore, the right turn lane storage needs to be extended so right turning vehicles can enter the right turn lane without being blocked by the thru/adjacent lane.
5A) Left turn lane extension (N/A)
5B) Right turn lane extension = Step 3 - Step 2B = 350 feet - 200 feet = 150 feet
6A) The required storage of the left turn lane = Step 2A + Step 5A =  350 feet (queue) + 0 feet (extension) = 350 feet.
6B) The required storage of the right turn lane = Step 2B + Step 5B =  200 feet (queue) + 150 feet (extension) = 350 feet.

Calculate Required Storage of Turn Lane for PM Peak Hour

1) Determine the queue for the left and right turn lanes. Calculate the average number of vehicles per cycle for the turn lane. Round the answer up to the next whole number and determine the queue length per LDM Figure 401-10. These lengths are shown in the PM Build figure to the left in green (left turn lane) and red (right turn lane). 
2) The approach has a (L-LT-R) lane configuration; therefore, the assumption is 50% of the left turning vehicles will use the left/thru shared lane.
There are two lanes containing a left turn lane; therefore, we need to calculate the number of veh/hr/lane first, round the answer up to the next interval of 10, and determine the queue length per LDM Figure 401-10.
2A) Left turn lane: (1040+0)/2=520 veh/lane/hr > 520 veh/lane/hr
[(520 veh/hr)*(120 s/cyc)]/3600 s/hr = 17.3 veh/cyc > 18 veh/cyc > 625 feet.
2B) Right turn lane: [(270 veh/hr)*(120 s/cyc)]/3600 s/hr = 9.0 veh/cyc > 9 veh/cyc > 350 feet.
3) Calculate the average number of vehicles per cycle for the thru/adjacent lane, round the answer up to the next whole number, and determine the queue length per LDM Figure 401-10. This length is shown in the PM Build figure to the left in blue.
[(520 veh/hr)*(120 s/cyc)]/3600 s/hr = 17.3 veh/cyc > 18 veh/cyc > 625 feet.
4) Compare the calculated lengths from Step 2A/2B and Step 3. 
4A) For this example the left turn lane required storage (625 feet) is the same as the thru/adjacent lane queue (625 feet); therefore, the left turn lane storage does not need to be extended so left turning vehicles can enter the left turn lane without being blocked by the thru/adjacent lane.
4B) For this example the right turn lane required storage (350 feet) is less than as the thru/adjacent lane queue (625 feet); therefore, the right turn lane storage needs to be extended so right turning vehicles can enter the right turn lane without being blocked by the thru/adjacent lane.
5A) Left turn lane extension (N/A)
5B) Right turn lane extension = Step 3 - Step 2B = 625 feet - 350 feet = 275 feet
6A) The required storage of the left turn lane = Step 2A + Step 5A =  625 feet (queue) + 0 feet (extension) = 625 feet.
6B) The required storage of the right turn lane = Step 2B + Step 5B =  350 feet (queue) + 275 feet (extension) = 625 feet.

Determine Required Storage of Turn Lane
1) Per the AM and PM peak hour calculations the required storage for the left turn lane is 350 feet and 625 feet, respectively.
2) Per the AM and PM peak hour calculations the required storage for the right turn lane is 325 feet and 625 feet, respectively.
3) The required storage for the left turn lane is 625 feet and for the right turn lane is 625 feet.
4) See figure to the left for the Final Design.
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Example 6.2.2 (4-Lane Approach) - #1 (L-L-T-T)

Peak Hour S 8 o S R o
Volumes |~ "": : i "": : i
5 £& 3 EE&
— (0} — T T T
S0 9 ] | I S0 9 ] | I 19 ] | I Intersection: Austin Blvd/I-75 SB Ramps
\ \ \ Traffic Control: Signalized
! ! ! Approach: Westbound
; ; ; Design Speed: 50 mph
: : : Cycle Length(s) = 130s (AM), 150s (PM)
= 1000 = ; : : Determine Required Storage (Queue + Deceleration) for Turn Lane
1 1 | The left turn lane is at a signalized intersection with a design speed of 50 mph; therefore, the storage is based on LDM Figure 401-9 Condition Condition B or Condition C,
0 0 0 whichever is greater.
in|in]| | | | .
‘"I’I’ ‘"I’I’ : : : i:)a:;:ulate (I}esqtmred ?torcagedptf Leth T:lfnhLane ;ocll' AMl Pez:[& Hou[ 175 fect
@ X s lle X sl e X equired Storage for Condition B = High speed deceleration only = ee
- 2000 = o|a|'io QLR I QLR I 2) Required Storage for Condition C = Queue Length (see Step 3 below) + Moderate Speed Deceleration
alals L o ; o ; 3) Calculate the average number of vehicles per cycle for the AM peak hour for the left turn lanes, round the answer up to the next whole number, and determine the
c'l') 1 c'l') % % 1 % % 1 queue length per LDM Figure 401-10. This length is shown in the AM Build figure to the left in green. (510 veh/hr )/2 lanes = 255 veh/hr/lane > 260 veh/hr/lane
g : g = : == : [(260 veh/hr)*(130 s/cyc)]/3600 s/hr = 9.4 veh/cyc > 10 veh/cyc > 375 feet. This is the required storage for the inside left turn lane (closest to centerline).
AN \ \ 4) Per LDM Figure 401-10, moderate speed deceleration is 100 feet. Note, the deceleration length only applies to the outside left turn lane (closest to thru lane).
: = : = = : = 5) Required storage of the outside left turn lane = Step 3 + Step 4 = 375 feet (queue) + 100 feet (decel) = 475 feet.
- 300 =— X 0,0 0,0 6) Calculate the average number of vehicles per cycle per lane for the thru/adjacent lanes, round the answer up to the next whole number, and determine the queue
1 nlo nlo length per LDM Figure 401-10. This length is shown in the AM Build figure to the left in blue. For this example there are 2 thru lanes, so we need to calculate the thru
; Q9 29 volume per hour per lane then round up to the next interval of 10.
1 ORNC ORNC (680 veh/hr )/2 lanes = 340 veh/hr/lane > 340 veh/hr/lane
! SRS SRS [(340 veh/hr)*(130 s/cyc)]/3600 s/hr = 12.3 veh/cyc > 13 veh/cyc > 475 feet.
| 1 1 7) Compare the calculated lengths from Step 5 and Step 6. For this example the outside left turn lane required storage (475 feet) is equal to the thru/adjacent lane queue
— 400 — o : : : (475 feet); therefore, the outside left turn lane storage does not need to be extended so left turning vehicles can enter the left turn lane without being blocked by the
= X X X thru/adjacent lane.
—& ! ! ! 8) Outside Left turn lane extension = Step 6 - Step 5 = 475 feet - 475 feet = O feet.
g : : : 9) The required storage of the outside left turn lane = Step 5 + Step 8 = 475 feet (queue + decel) + 0 feet (extension) = 475 feet.
1 1 1
! (=] ! (=] ! Calculate Required Storage of Left Turn Lane for PM Peak Hour
. : ? : % : 1) Required Storage for Condition B = High speed deceleration only = 175 feet
= 5000 = : § : § : 2) Required Storage for Condition C = Queue Length (see Step 3 below) + Moderate Speed Deceleration
| = | = | 3) Calculate the average number of vehicles per cycle for the PM peak hour for the left turn lanes, round the answer up to the next whole number, and determine the
! ! ! queue length per LDM Figure 401-10. This length is shown in the PM Build figure to the left in green. (530 veh/hr )/2 lanes = 265 veh/hr/lane > 270 veh/hr/lane
: ) : ) : [(270 veh/hr)*(150 s/cyc)]/3600 s/hr = 11.3 veh/cyc > 12 veh/cyc > 450 feet. This is the required storage for the inside left turn lane (closest to centerline).
1 8 1 8 1 4) Per LDM Figure 401-10, moderate speed deceleration is 100 feet. Note, the deceleration length only applies to the outside left turn lane (closest to thru lane).
| " ; " ; 5) Required storage of the outside left turn lane = Step 3 + Step 4 = 450 feet (queue) + 100 feet (decel) = 550 feet.
- 600" =— 1 9 1 9 1 6) Calculate the average number of vehicles per cycle per lane for the thru/adjacent lanes, round the answer up to the next whole number, and determine the queue
! 9 ! 9 ! length per LDM Figure 401-10. This length is shown in the PM Build figure to the left in blue. For this example there are 2 thru lanes, so we need to calculate the thru
: o I a3 : volume per hour per lane then round up to the next interval of 10.
: : : (870 veh/hr )/2 lanes = 435 veh/hr/lane > 440 veh/hr/lane
. . . [(440 veh/hr)*(150 s/cyc)]/3600 s/hr = 18.3 veh/cyc > 19 veh/cyc > 650 feet.
! ! ! 7) Compare the calculated lengths from Step 5 and Step 6. For this example the outside left turn lane required storage (550 feet) is less than the thru/adjacent lane
-_ 700 =— : : : queue (650 feet); therefore, the outside left turn lane storage needs to be extended so left turning vehicles can enter the left turn lane without being blocked by the
| | 1 thru/adjacent lane.
| | | 8) Outside Left turn lane extension = Step 6 - Step 5 = 650 feet - 550 feet = 100 feet.
1 | | 9) The required storage of the outside left turn lane = Step 5 + Step 8 = 550 feet (queue + decel) + 100 feet (extension) = 650 feet.
1 1 1
: : : Determine Required Storage of Turn Lane
— 800 — ! ! ! 1) Per the AM and PM peak hour calculations the required storage for the left turn lanes are:

a) Inside left turn lane is 375 feet and 450 feet, respectively.
b) Outside left turn lane is 475 feet and 650 feet, respectively.
AM Build PM Build Final Design 2) The required storage for the left turn lanes are:
a) Inside left turn lane is 475 feet.
b) Outside left turn lane is 650 feet.
3) See figure to the left for the Final Design.

— >800" —


gharring
Text Box
Extend = 100'

gharring
Text Box
Extend = 100'

gharring
Text Box
Decel=100'

gharring
Text Box
Queue = 475'

gharring
Text Box
Queue = 375'

gharring
Line

gharring
Line

gharring
Line

gharring
Line

gharring
Line

gharring
Line

gharring
Line

gharring
Line

gharring
Line

gharring
Line

gharring
Line

gharring
Line

gharring
Line

gharring
Line

gharring
Line

gharring
Line

gharring
Line

gharring
Line

gharring
Line

gharring
Line

gharring
Line

gharring
Line

gharring
Line

gharring
Line

gharring
Line

gharring
Line

gharring
Line

gharring
Line

gharring
Text Box
100'

gharring
Line

gharring
Line

gharring
Line

gharring
Line

gharring
Text Box
200'

gharring
Text Box
0'

gharring
Text Box
300'

gharring
Text Box
400'

gharring
Text Box
500'

gharring
Text Box
600'

gharring
Text Box
700'

gharring
Text Box
Peak Hour Volumes

gharring
Arrow

gharring
Line

gharring
Text Box
800'

gharring
Line

gharring
Text Box
>800'

gharring
Text Box
Example 6.2.2 (4-Lane Approach) - #1 (L-L-T-T)
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Intersection: Austin Blvd/I-75 SB Ramps
Traffic Control: Signalized
Approach: Westbound
Design Speed: 50 mph
Cycle Length(s) = 130s (AM), 150s (PM) 
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Determine Required Storage (Queue + Deceleration) for Turn Lane
The left turn lane is at a signalized intersection with a design speed of 50 mph; therefore, the storage is based on LDM Figure 401-9 Condition Condition B or Condition C, whichever is greater.

Calculate Required Storage of Left Turn Lane for AM Peak Hour
1) Required Storage for Condition B = High speed deceleration only = 175 feet
2) Required Storage for Condition C = Queue Length (see Step 3 below) + Moderate Speed Deceleration
3) Calculate the average number of vehicles per cycle for the AM peak hour for the left turn lanes, round the answer up to the next whole number, and determine the queue length per LDM Figure 401-10. This length is shown in the AM Build figure to the left in green. (510 veh/hr )/2 lanes = 255 veh/hr/lane > 260 veh/hr/lane
[(260 veh/hr)*(130 s/cyc)]/3600 s/hr = 9.4 veh/cyc > 10 veh/cyc > 375 feet. This is the required storage for the inside left turn lane (closest to centerline).
4) Per LDM Figure 401-10, moderate speed deceleration is 100 feet. Note, the deceleration length only applies to the outside left turn lane (closest to thru lane).
5) Required storage of the outside left turn lane = Step 3 + Step 4 = 375 feet (queue) + 100 feet (decel) = 475 feet.
6) Calculate the average number of vehicles per cycle per lane for the thru/adjacent lanes, round the answer up to the next whole number, and determine the queue length per LDM Figure 401-10. This length is shown in the AM Build figure to the left in blue. For this example there are 2 thru lanes, so we need to calculate the thru volume per hour per lane then round up to the next interval of 10.
(680 veh/hr )/2 lanes = 340 veh/hr/lane > 340 veh/hr/lane
[(340 veh/hr)*(130 s/cyc)]/3600 s/hr = 12.3 veh/cyc > 13 veh/cyc > 475 feet.
7) Compare the calculated lengths from Step 5 and Step 6. For this example the outside left turn lane required storage (475 feet) is equal to the thru/adjacent lane queue (475 feet); therefore, the outside left turn lane storage does not need to be extended so left turning vehicles can enter the left turn lane without being blocked by the thru/adjacent lane.
8) Outside Left turn lane extension = Step 6 - Step 5 = 475 feet - 475 feet = 0 feet.
9) The required storage of the outside left turn lane = Step 5 + Step 8 =  475 feet (queue + decel) + 0 feet (extension) = 475 feet.

Calculate Required Storage of Left Turn Lane for PM Peak Hour
1) Required Storage for Condition B = High speed deceleration only = 175 feet
2) Required Storage for Condition C = Queue Length (see Step 3 below) + Moderate Speed Deceleration
3) Calculate the average number of vehicles per cycle for the PM peak hour for the left turn lanes, round the answer up to the next whole number, and determine the queue length per LDM Figure 401-10. This length is shown in the PM Build figure to the left in green. (530 veh/hr )/2 lanes = 265 veh/hr/lane > 270 veh/hr/lane
[(270 veh/hr)*(150 s/cyc)]/3600 s/hr = 11.3 veh/cyc > 12 veh/cyc > 450 feet. This is the required storage for the inside left turn lane (closest to centerline).
4) Per LDM Figure 401-10, moderate speed deceleration is 100 feet. Note, the deceleration length only applies to the outside left turn lane (closest to thru lane).
5) Required storage of the outside left turn lane = Step 3 + Step 4 = 450 feet (queue) + 100 feet (decel) = 550 feet.
6) Calculate the average number of vehicles per cycle per lane for the thru/adjacent lanes, round the answer up to the next whole number, and determine the queue length per LDM Figure 401-10. This length is shown in the PM Build figure to the left in blue. For this example there are 2 thru lanes, so we need to calculate the thru volume per hour per lane then round up to the next interval of 10.
(870 veh/hr )/2 lanes = 435 veh/hr/lane > 440 veh/hr/lane
[(440 veh/hr)*(150 s/cyc)]/3600 s/hr = 18.3 veh/cyc > 19 veh/cyc > 650 feet.
7) Compare the calculated lengths from Step 5 and Step 6. For this example the outside left turn lane required storage (550 feet) is less than the thru/adjacent lane queue (650 feet); therefore, the outside left turn lane storage needs to be extended so left turning vehicles can enter the left turn lane without being blocked by the thru/adjacent lane.
8) Outside Left turn lane extension = Step 6 - Step 5 = 650 feet - 550 feet = 100 feet.
9) The required storage of the outside left turn lane = Step 5 + Step 8 =  550 feet (queue + decel) + 100 feet (extension) = 650 feet.

Determine Required Storage of Turn Lane
1) Per the AM and PM peak hour calculations the required storage for the left turn lanes are:
    a) Inside left turn lane is 375 feet and 450 feet, respectively.
    b) Outside left turn lane is 475 feet and 650 feet, respectively.
2) The required storage for the left turn lanes are:
     a) Inside left turn lane is 475 feet.
     b) Outside left turn lane is 650 feet.
3) See figure to the left for the Final Design.
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Example 6.2.2 (4-Lane Approach) - #2 (L-T-T-R) Intersection: SR-61/Cardinal Way
Traffic Control: Signalized

Approach: Southbound

R 2 Design Speed: 50 mph
Peak Hour 2 & 2 S 8 8§ Cvcl =
Volumes > & - N Q © % ycle Length(s) = 120s (AM/PM)
i 2 c t 2 <
E’ = :?n 4 = Q%n Determine Required Storage (Queue + Deceleration) for Turn Lane
_— ) T T T The left and right turn lanes are at a signalized intersection with a design speed of 50 mph; therefore, the storage is based on LDM Figure 401-9 Condition Condition B or
N ] ! T P N ] ! T P N ] ! T P Condition C, whichever is greater.
1 1 = 1
| 1 ] 1 Calculate Required Storage of Turn Lanes for AM Peak Hour
: : . : 1) Required storage for Condition B = High speed deceleration only = 175 feet (this applies for both the left and right turn lanes).
1 1 S 1 2) Required Storage for Condition C = Queue Length (see Step 3 below) + Moderate Speed Deceleration
- 100 =— | - | 2 | 3A) Calculate the average number of vehicles per cycle for the AM peak hour for the left turn lane, round the answer up to the next whole number, and determine the queue
] N 0 o ' length per LDM Figure 401-10. This length is shown in the AM Build figure to the left in green.
! in I ! ! in [(260 veh/hr)*(120 s/cyc)]/3600 s/hr = 8.7 veh/cyc > 9 veh/cyc > 350 feet.
2 : ) v : 2 : & 3B) Calculate the average number of vehicles per cycle for the AM peak hour for the right turn lane, round the answer up to the next whole number, and determine the queue
& I . (T & I . length per LDM Figure 401-10. This length is shown in the AM Build figure to the left in red.
I | () o, 0|. I | [}
o = dlglg|a o = [(230 veh/hr)*(120 s/cyc)]/3600 s/hr = 7.7 veh/cyc > 8 veh/cyc > 325 feet.
, = : é T : T ? = : é 4) Per LDM Figure 401-10, moderate speed deceleration is 100 feet.
= 2000 = e | gl o e | 5A) Required storage of the left turn lane = Step 3A + Step 4 = 350 feet (queue) + 100 feet (decel) = 450 feet.
1 g, 8 2 | 5B) Required storage of the right turn lane = Step 3B + Step 4 = 325 feet (queue) + 100 feet (decel) = 425 feet.
: d: o : 6) Calculate the average number of vehicles per cycle per lane for the thru/adjacent lanes, round the answer up to the next whole number, and determine the queue length
] ] ] per LDM Figure 401-10. This length is shown in the AM Build figure to the left in blue. For this example there are 2 thru lanes, so we need to calculate the thru volume per
! | | hour per lane then round up to the next interval of 10. (1220 veh/hr )/2 lanes = 610 veh/hr/lane > 610 veh/hr/lane >
; _ ; = ; [(610 veh/hr)*(120 s/cyc)]/3600 s/hr = 20.3 veh/cyc > 21 veh/cyc > 725 feet.
- 300" =— 1 = | - 1 7A) Compare the calculated lengths from Step 5A and Step 6. For this example the left turn lane required storage (450 feet) is less than the thru/adjacent lane queue (725
- T ; I - feet); therefore, the left turn lane storage needs to be extended so left turning vehicles can enter the left turn lane without being blocked by the thru/adjacent lane.
5 1 5 _ & 1 g 5 1 5 _ 7B) Compare the calculated lengths from Step 5B and Step 6. For this example the right turn lane required storage (425 feet) is less than the thru/adjacent lane queue (725
o [ 8 a ; = o [ 8 feet); therefore, the right turn lane storage needs to be extended so right turning vehicles can enter the right turn lane without being blocked by the thru/adjacent lane.
o 1 Y| \ = o 81 Y| 8A) Left turn lane extension = Step 6 - Step 5A = 725 feet - 450 feet = 275 feet. 8B) Right turn lane extension = Step 6 - Step 5B = 725 feet - 425 feet = 300 feet.
= : Y in : = : g1 g 9A) The required storage of the left turn lane = Step 5A + Step 8A = 450 feet (queue + decel) + 275 feet (extension) = 725 feet.
- 400 =— _!.") o, 9|8 I~ . _j.") g, 9148 9B) The required storage of the right turn lane = Step 5B + Step 8B = 425 feet (queue + decel) + 300 feet (extension) = 725 feet.
O 1 1 O 1
a ; >< | a ; Calculate Required Storage of Turn Lanes for PM Peak Hour
1 1 1 1) Required Storage for Condition B = High speed deceleration only = 175 feet (this applies for both the left and right turn lanes).
: ﬁ : : 2) Required Storage for Condition C = Queue Length (see Step 3 below) + Moderate Speed Deceleration
| @ 1 1 3A) Calculate the average number of vehicles per cycle for the PM peak hour for the left turn lane, round the answer up to the next whole number, and determine the queue
— A ! 2 ! 0 length per LDM Figure 401-10. This length is shown in the PM Build figure to the left in green.
500 1 & | 1
. N . ] [(200 veh/hr)*(120 s/cyc)]/3600 s/hr = 6.7 veh/cyc > 7 veh/cyc > 275 feet.
! 2 ! ! 3B) Calculate the average number of vehicles per cycle for the PM peak hour for the right turn lane, round the answer up to the next whole number, and determine the queue
. : S : _ ; = length per LDM Figure 401-10. This length is shown in the PM Build figure to the left in red.
E 1 “I‘;’ 1 E 1 “I? [(90 veh/hr)*(120 s/cyc)]/3600 s/hr = 3 veh/cyc > 3 veh/cyc > 150 feet.
" ; o : " ; o 4) Per LDM Figure 401-10, moderate speed deceleration is 100 feet.
600 ° 1 o 1 ° 1 o 5A) Required storage of the left turn lane = Step 3A + Step 4 = 275 feet (queue) + 100 feet (decel) = 375 feet.
= - 9 J k= ! 9 J k= 5B) Required storage of the right turn lane = Step 3B + Step 4 = 150 feet (queue) + 100 feet (decel) = 250 feet.
o3 : = : o3 : = 6) Calculate the average number of vehicles per cycle per lane for the thru/adjacent lanes, round the answer up to the next whole number, and determine the queue length
! ! ! per LDM Figure 401-10. This length is shown in the PM Build figure to the left in blue. For this example there are 2 thru lanes, so we need to calculate the thru volume per
: : : hour per lane then round up to the next interval of 10. (660 veh/hr )/2 lanes = 330 veh/hr/lane > 330 veh/hr/lane
1 1 1 [(330 veh/hr)*(120 s/cyc)]/3600 s/hr = 11.0 veh/cyc > 11 veh/cyc > 400 feet.
; | ; 7A) Compare the calculated lengths from Step 5A and Step 6. For this example the left turn lane required storage (375 feet) is less than the thru/adjacent lane queue (400
- 700 =— 1 1 1 feet); therefore, the left turn lane storage needs to be extended so left turning vehicles can enter the left turn lane without being blocked by the thru/adjacent lane.
: | : 7B) Compare the calculated lengths from Step 5B and Step 6. For this example the right turn lane required storage (250 feet) is less than the thru/adjacent lane queue (400
1 1 I feet); therefore, the right turn lane storage needs to be extended so right turning vehicles can enter the right turn lane without being blocked by the thru/adjacent lane.
: : : 8A) Left turn lane extension = Step 6 - Step 5A = 400 feet - 375 feet = 25 feet. 8B) Right turn lane extension = Step 6 - Step 5B = 400 feet - 250 feet = 150 feet.
. . . 9A) The required storage of the left turn lane = Step 5A + Step 8A = 375 feet (queue + decel) + 25 feet (extension) = 400 feet.
: : : 9B) The required storage of the right turn lane = Step 5B + Step 8B = 250 feet (queue + decel) + 150 feet (extension) = 400 feet.
- 800" = 1 | 1
| | 1 Determine Required Storage of Turn Lane
: : : 1) Per the AM and PM peak hour calculations the required storage for the left turn lane is 725 feet and 400 feet, respectively.
— >800 — 1 | | Per the AM and PM peak hour calculations the required storage for the right turn lane is 725 feet and 400 feet, respectively.

2)
AM Build PM Build Final Design 3) The required storage for the left turn lane is 725 feet and for the right turn lane is 725 feet.
4) See figure to the left for the Final Design.
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Determine Required Storage (Queue + Deceleration) for Turn Lane
The left and right turn lanes are at a signalized intersection with a design speed of 50 mph; therefore, the storage is based on LDM Figure 401-9 Condition Condition B or Condition C, whichever is greater.

Calculate Required Storage of Turn Lanes for AM Peak Hour
1) Required storage for Condition B = High speed deceleration only = 175 feet (this applies for both the left and right turn lanes).
2) Required Storage for Condition C = Queue Length (see Step 3 below) + Moderate Speed Deceleration
3A) Calculate the average number of vehicles per cycle for the AM peak hour for the left turn lane, round the answer up to the next whole number, and determine the queue length per LDM Figure 401-10. This length is shown in the AM Build figure to the left in green. 
[(260 veh/hr)*(120 s/cyc)]/3600 s/hr = 8.7 veh/cyc > 9 veh/cyc > 350 feet.
3B) Calculate the average number of vehicles per cycle for the AM peak hour for the right turn lane, round the answer up to the next whole number, and determine the queue length per LDM Figure 401-10. This length is shown in the AM Build figure to the left in red. 
[(230 veh/hr)*(120 s/cyc)]/3600 s/hr = 7.7 veh/cyc > 8 veh/cyc > 325 feet.
4) Per LDM Figure 401-10, moderate speed deceleration is 100 feet.
5A) Required storage of the left turn lane = Step 3A + Step 4 = 350 feet (queue) + 100 feet (decel) = 450 feet.
5B) Required storage of the right turn lane = Step 3B + Step 4 = 325 feet (queue) + 100 feet (decel) = 425 feet.
6) Calculate the average number of vehicles per cycle per lane for the thru/adjacent lanes, round the answer up to the next whole number, and determine the queue length per LDM Figure 401-10. This length is shown in the AM Build figure to the left in blue. For this example there are 2 thru lanes, so we need to calculate the thru volume per hour per lane then round up to the next interval of 10. (1220 veh/hr )/2 lanes = 610 veh/hr/lane > 610 veh/hr/lane > 
[(610 veh/hr)*(120 s/cyc)]/3600 s/hr = 20.3 veh/cyc > 21 veh/cyc > 725 feet.
7A) Compare the calculated lengths from Step 5A and Step 6. For this example the left turn lane required storage (450 feet) is less than the thru/adjacent lane queue (725 feet); therefore, the left turn lane storage needs to be extended so left turning vehicles can enter the left turn lane without being blocked by the thru/adjacent lane.
7B) Compare the calculated lengths from Step 5B and Step 6. For this example the right turn lane required storage (425 feet) is less than the thru/adjacent lane queue (725 feet); therefore, the right turn lane storage needs to be extended so right turning vehicles can enter the right turn lane without being blocked by the thru/adjacent lane.
8A) Left turn lane extension = Step 6 - Step 5A = 725 feet - 450 feet = 275 feet. 8B) Right turn lane extension = Step 6 - Step 5B = 725 feet - 425 feet = 300 feet.
9A) The required storage of the left turn lane = Step 5A + Step 8A =  450 feet (queue + decel) + 275 feet (extension) = 725 feet.
9B) The required storage of the right turn lane = Step 5B + Step 8B =  425 feet (queue + decel) + 300 feet (extension) = 725 feet.

Calculate Required Storage of Turn Lanes for PM Peak Hour
1) Required Storage for Condition B = High speed deceleration only = 175 feet (this applies for both the left and right turn lanes).
2) Required Storage for Condition C = Queue Length (see Step 3 below) + Moderate Speed Deceleration
3A) Calculate the average number of vehicles per cycle for the PM peak hour for the left turn lane, round the answer up to the next whole number, and determine the queue length per LDM Figure 401-10. This length is shown in the PM Build figure to the left in green. 
[(200 veh/hr)*(120 s/cyc)]/3600 s/hr = 6.7 veh/cyc > 7 veh/cyc > 275 feet.
3B) Calculate the average number of vehicles per cycle for the PM peak hour for the right turn lane, round the answer up to the next whole number, and determine the queue length per LDM Figure 401-10. This length is shown in the PM Build figure to the left in red. 
[(90 veh/hr)*(120 s/cyc)]/3600 s/hr = 3 veh/cyc > 3 veh/cyc > 150 feet.
4) Per LDM Figure 401-10, moderate speed deceleration is 100 feet.
5A) Required storage of the left turn lane = Step 3A + Step 4 = 275 feet (queue) + 100 feet (decel) = 375 feet.
5B) Required storage of the right turn lane = Step 3B + Step 4 = 150 feet (queue) + 100 feet (decel) = 250 feet.
6) Calculate the average number of vehicles per cycle per lane for the thru/adjacent lanes, round the answer up to the next whole number, and determine the queue length per LDM Figure 401-10. This length is shown in the PM Build figure to the left in blue. For this example there are 2 thru lanes, so we need to calculate the thru volume per hour per lane then round up to the next interval of 10. (660 veh/hr )/2 lanes = 330 veh/hr/lane > 330 veh/hr/lane
[(330 veh/hr)*(120 s/cyc)]/3600 s/hr = 11.0 veh/cyc > 11 veh/cyc > 400 feet.
7A) Compare the calculated lengths from Step 5A and Step 6. For this example the left turn lane required storage (375 feet) is less than the thru/adjacent lane queue (400 feet); therefore, the left turn lane storage needs to be extended so left turning vehicles can enter the left turn lane without being blocked by the thru/adjacent lane.
7B) Compare the calculated lengths from Step 5B and Step 6. For this example the right turn lane required storage (250 feet) is less than the thru/adjacent lane queue (400 feet); therefore, the right turn lane storage needs to be extended so right turning vehicles can enter the right turn lane without being blocked by the thru/adjacent lane.
8A) Left turn lane extension = Step 6 - Step 5A = 400 feet - 375 feet = 25 feet. 8B) Right turn lane extension = Step 6 - Step 5B = 400 feet - 250 feet = 150 feet.
9A) The required storage of the left turn lane = Step 5A + Step 8A =  375 feet (queue + decel) + 25 feet (extension) = 400 feet.
9B) The required storage of the right turn lane = Step 5B + Step 8B =  250 feet (queue + decel) + 150 feet (extension) = 400 feet.

Determine Required Storage of Turn Lane
1) Per the AM and PM peak hour calculations the required storage for the left turn lane is 725 feet and 400 feet, respectively.
2) Per the AM and PM peak hour calculations the required storage for the right turn lane is 725 feet and 400 feet, respectively.
3) The required storage for the left turn lane is 725 feet and for the right turn lane is 725 feet.
4) See figure to the left for the Final Design.
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Supplemental Exhibit 7.2.3A - Vehicle Fleet Mix
Managing Parameter Files and Vehicle Distributions.

In general, when parameters are adjusted in a model to better match conditions observed in
the study area, the parameter file in which those adjusted parameters are saved is shared
across all scenarios in the project. This is advisable to the extent possible because it is more
efficient and less prone to error. The sharing of parameter files across scenarios minimizes the
need to replicate adjustments that should apply to all scenarios in every scenario that uses a
different parameter file. You can save time in the modeling process by utilizing ODOT’s default
parameter file and by using this shared file in each scenario.

The parameter file needs only differ between two scenarios where the conditions are
observably different between the scenarios. The most common change in the model’s
parameters is adding the ODOT’s Vehicle Class Distributions/applying the truck percentages to
your model. In this context, an example of a situation in which you may need a different
parameter file in different scenarios is when a notably higher or lower percentage of trucks is
observed in the overall vehicle mix between the AM and PM periods.

However, if the overall vehicle class distribution is the same between the AM and PM periods
and deviations from that distribution are only observed locally between AM and PM, then you
can achieve these local differences while using a single, shared parameter file and preserve
the efficiencies described above. This is because the definition and application of the local
distributions are decoupled. The parameter file only stores the set of distributions that are
available for application and does not determine which distributions are applied or where they
are applied. Hence, the storage of the distributions can be shared by all scenarios. Which
distributions are applied and where they are applied is determined by a node or centroid field,
and the name of that field can vary between AM and PM scenarios. You identify which field is
used in each scenario when you choose Apply Distributions from the TransModeler menu system.
This change will apply only to the current scenario (unless you answer “Yes” to the prompt to
apply the distributions to all scenarios).

All the vehicles as they enter the model are based on your vehicle class distribution. The
proportion of each vehicle class in simulation is first defined globally in the parameter file but
can be varied locally using local loading distributions saved in the parameter file. ODOT
recommends the following five vehicle classes to be used (unless site-specific characteristics
require a different distribution): Car Low MPR, Car Mid MPR, Car High MPR, Pickup/SUV, and
Trailer Truck. Depending on the Trailer Truck percentage, the remaining four Vehicle Classes
will need to be adjusted per OATS Table 7-10 There is a parameter file available on ODOT’s
website, under Additional Downloads Section, which includes all 40 different vehicle-class
distribution. (The .xml file can be used as a base parameter file for any given project within
the state of Ohio. It is recommended to use it as a base (default) file and save your distribution
locally in the Input folder of each project as your project-specific parameter file.

There are 3 different ways you can add your project specific vehicle class distribution in your
model.
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Globally, by editing the Vehicle Fleet Mix. This is the default (Figure 1) which will be
utilized if nothing else is defined, or you would like to apply a specific truck percentage
(Ex: 4% Trailer Truck, with the corresponding values of other classes- see Figure 2) to
the entire network. After changing the values, hit “Apply” (Figure 3). By doing so, the
software will prompt you to save the file if this is the first time you are making any
changes into model’s parameter- Please follow the instructions on how to organize your
folders-(OATS, Section 7.1.2 File Organization). Save the file to your Input folder. Keep
consistent with your naming convention to avoid confusion. If this specific percentage
is only applied to one scenario (Ex: AM or PM), repeat the process for the rest of the
scenarios in your model.

Figure 1 - Default Vehicle Class Table

Figure 2- OATS Manual, Table 7-10. Vehicle Class Distributions

Table 7-10. Vehicle Class Distributions

Car Low MPR Car Mid MPR Car High MPR Pickup/SUv Trailer Truck
30% 40% 20% 10% 0%
30% 40% 19% 10% 1%
30% 39% 19% 10% 2%
30% 38% 19% 10% 3%
l 29% 38% 19% 10% 4%
29% 38% 18% 10% 5%
29% 37% 18% 10% 6%

OATS Manual, January 2026, Appendix G
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Figure 3- Adding 4-Percent Globally.
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2- Locally at each Node, by Local Loading Parameter. (This method offers flexibility on

applying a local distribution at a specific node and use the global distribution for the
rest of the network by simply not defining any distribution for the rest of the nodes)-
keep in mind the local vehicle distribution can only be applied at external (boundary)
nodes.
A local distribution will override the Global parameter on the nodes which have a
customized distribution. The Local Loading Parameters should be applied to nodes if
turning volumes are used to specify the demand or if the origins of the trips whose fleet
mix or time distribution you want to vary are nodes. If the origins of trips whose fleet
mix or time distribution you want to vary are centroids, then the parameters should be
applied to centroids. Figure 4 (see below) shows the default values for Local Loading
Parameter.

e To define a distribution, right click on “Default”- Figure 5-1 and “Add” a
distribution. Name your Distribution- Figure 5-2 and include the associated
percentages. If this is the first parameter you are adding/changing a parameter
in the model, the software will prompt you to save the file, otherwise it will be
added to your existing file. Repeat the process for all the different vehicle class
combinations according to your project’s need. If your scenarios share a
parameter file, then you will only need to perform this step once. The
distributions you define will be saved in the parameter file and will be available
for application locally in every scenario that shares the parameter file.

An example is provided for a few different combinations- See Figure 6.
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Figure 4- Default Local Loading Parameter
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Figure 6- Example of Adding Vehicle Class distributions.

- s

a2 Corewl

Make the scenario in which you want to apply the distributions the active
scenario in the project and then navigate to “Apply Distribution” in Local loading
Parameter- See Figure 7. Choose centroids and/or nodes layer field for your
vehicle distribution depending on how your demand inputs are defined. “Add
Field” and Name your Field - See Figure 8. This step and the steps that follow
should be repeated in each scenario if the local loading distributions will not be
the same in all scenarios. If all scenarios will use the same local loading
distributions, then you can perform this step once and answer “Yes” when
prompted whether you want to apply the distribution(s) to all scenarios.

Figure 7- Apply Distribution

Fue Edat

B E

Tools

Parameters Simuiation 30 \Window Help

Toolbars y WM = e — - N & _;_ =) L":‘ o ...... ~~
=4 N | 7 “J S S 8 ﬁ'« i
ou
=1

Traffic Signaks >

Tuming Volumes ’

O-D Matrices and Trip Lists >

Local Loading Parameters > Edit Distributions.

T [ Apply Distributions... l

Error Checlong b -

Output >

CalibratronyValidation >

Safety >

Project Preferences ’

Page 6 of 11

OATS Manual, January 2026, Appendix G



Figure 8- Add a Vehicle Class Distribution to a layer

A0 Certified Traffic

Apply Local Loading Parameters ? X

Choose Layer Fields for Vehicle Class Distribution

Centroids |NOHE V|
Nodes [None |v
Choose Layer F al
Centroids [Nene V|
MNodes |None V|
Add Field(s) to Modes =

Add a new field
Mame | VehClas=Dist
Type | String Ex: VehClassDist-AM

I oK I Cancel

e Specify feature(s) to which the above distributions apply. Choose the appropriate
layer and open the Dataview table. Select the appropriate vehicle class
distribution from the drop down for any centroids and/or node you wish to define
a specific distribution for - See Figure 9. Also, you could choose the appropriate
layer, select the Info button from the Menu and click on a specific node(s) to
change the User-Defined field(s)- See Figures 10 & 11.

Figure 9- Specify Vehicle Class Distribution to each Node/Centroid.

Datesew! - Nodes

w—DuOrde [EXtOrT Rank Radius  Priorit |VehClassDist AMVehClassDist PM|
1 2Yes Boundary No 2 0.00 Priority Road |5 percont ‘4-peorcent -
3 4No Midblock Freeway No 1 48.90 Priority Road = 1-percent -
_ 10-percent <

1 2Yes Boundary No 7 0,00 Priority Road {12-percent }-pemnl
1 4Yes Boundary Frooway No 1 0.00 Priority Road ¥ 2-percent W-percent v
1 4Yes Boundary No 4 0.00 Priority Road '»3-'”::::': -porcant -
2 BNo Channelized Diverge No 5 23.6% Priority Road - M -
1 12No Channelized Merge No s 16.54 Priority Road i S-parcant v

7-percent
3 12No  Channelized Merge Ramp No 5  48.36 Priority Road ~i8-percent -
2 5No  Diverge Exit Yes 4 21.97 Priority Road = Default | -
4 aNo  Intersection Ramp Yes 7 82.49 Priority Road v - v
4 AVas " A N ~ N s Dl d BDaoad - el § -
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Figure 10- Apply Distribution on a Node.
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Figure 11- Selecting the appropriate percentage
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Refer to OATS Section 7.2.3.2 setting up the local loading parameters. You can skip the
Define distribution process by utilizing ODOT’s default parameter file.

By Matrix (for O-D matrices only).
Defining the various fleet mix by matrix can be done in three ways.

One O-D matrix for the total demand - Depending on the truck percentage in the study
area, the first two methods can be applied as appropriate.

The total demand can be divided into two matrices. A truck matrix to specify the
percentages of trailer trucks in the network and another matrix for the remaining
vehicle classes- See Figure 12. This method requires adjusting the trailer truck
percentage value to zero in Global vehicle fleet parameters to avoid having that extra
percentage of trailer trucks in the network- See Figure 13. The model will utilize the
Global vehicle fleet parameters for the other matrix to calculate the remaining vehicle
classes at each origin- See Figure 14.

Figure 12- Separate O-D matrix for cars and Trucks
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Figure 13- Global Fleet Adjustment
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Figure 14- Trip Matrix Vehicle Class setting
Trip Matrix Settings ? Ed

Setup Contents  Pathse  Curve Options

Mumber of Matrices | 1 =

Matrix Name Vehicle Class ‘DriverGrDup | HOV | ETC | User A | User B | Probe |
] § Tnps I

Trip Matrix Settings ? X

Setup Contents Paths Curve Options

MNumber of Matrices || 1 =

|Matrix|"-.|ame Vehicle Class |Dri\.rerGr|:|up | HOV ‘ ETC | User A | User B ‘ Probe |
E[Trips Trailer Truck ]

¢ The total demand can be divided into separate O-D matrix files for each vehicle class.
The vehicle class can be defined in the Vehicle Class column on the Contents tab in the
Trip Matrix Settings. When no vehicle class is specified for a matrix in the Trip Matrix
Settings, the vehicle class for every trip in the matrix will be determined by the global
vehicle fleet parameters.
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Example 7.5.2A - Summary of TransModeler Results for Signalized

Intersections

TransModeler results for signalized intersections need to be summarized in a usable format.

Figure 15 below shows a good example that includes the following:

e Individual movement: LOS, Delay, 95""% Queue, Max Spillback, and Spillback Rate

e Approaches & Intersection: LOS, Delay

Figure 15 - Summary of TransModeler Results for Signalized Intersections
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Appendix H

Chapter 8. Presentation of Results -
Examples
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Example 8.1.2A - No-Build & Build Stick Figures

This example shows improvements at the I-70 & SR-235 interchange in Montgomery County for the
following:

e Off-Ramp improvements

e SR-235 intersections

Example 8.1.2B - No-Build & Build Stick Figures

This example shows improvements at the US-33 & Gender Road interchange in Franklin County for
the following:

e Gender Road intersections
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EMH:T Example 8.1.2B

Figure 2: No-Build (Existing) Condition Schematic
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Figure 3: Build (Proposed) Condition Schematic
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4.0 TRAFFIC ANALYSIS

Design traffic for this |IOS was the certified traffic developed for the FRA-FAI 33 TSMO Study (PID
111460) as shown in Appendix B. We calculated Peak hour factors (PHF) for freeway segments,
ramps and Gender Road links using 2022 counts obtained from ODOT’s database. Intersection
PHF's are based on turning movement counts from ODOT's database dated October, 2023.
Intersection counts were available for all Study Area intersections except the Gender
Road/Winchester Pike intersection. This study applied the average of PHF's calculated for the other
three intersections to Gender Road/Winchester Pike. Please see Appendix B for count data and
PHF calculations.

US 33 & Gender Road IOS 2
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Checklists for HCS Facilities and HCS Streets are required to be submitted starting July 1, 2025.
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Traffic Analyst Checklist: HCS (Facilities) - Only one checklist is required to be submitted per project. This is best viewed
as an 11x17 document.

Date:  06/10/2025 Checklist Prepared By: Gary Harrington Traffic Analyses Prepared By: Gary Harrington
District: 6 Project Name (County-Route-Section): PIC-23-20.60 PID: 115425 Study Type: Feasibility Study
HCS Version:  [0] HCS 2025 []J HCS 2024 [] HCS 2023 [] HCS 2022

Indicate below what types of analyses are prepared. For example was Facilities used to analyze a freeway with Basic, Merge, and Diverge
segments. For this case, only the pages for Basic, Merge, and Diverge segments need to be filled out.

Segments analyzed with Facilities: [0] Basic [O] Merge [O] Diverge [J Weaving [ Overlap
Isolated segments analyzed: [ Basic [] Merge [] Diverge [J Weaving  [] Overlap
r
— START GENERAL SEGMENTS DETAILS CALIBRATION RESULTS REPORT ()]

Project Properties

]_ Analyst 6 Jurisdiction

2 Agency 7 Time Analyzed

3 Analysis Year 2025 8 Date 6/3/2025

4 Project Description Units U.S. Customary
5 Facility Name

Facility Global Inputs

Jam Density, pc/mi/In 190.0 10 Area Type Urban &
Queue Discharge Capacity Drop. % |7 Demand Factor 1.000
9Managed Lane |:| Vehicle Value of Time (WOT), $/h 25.00
@ Lane-By-Lane Analysis O Mixed Flow Model O @
Segments Global Inputs
Bac Next
ﬁ_ | Freeway Thru Lanes HEE 16Ramp Lanes O
1 2 Freeway Free Flow Speed, mi/h [] |75.4 17Ramp Free Flow Speed. mi/h  [] |35.0
1 3 Freeway Terrain Type O |Level - 18Ramp Terrain Type [ |Level =
14 Freeway Peak Hour Factor [ 094 19Ramp Peak Hour Factor O |094
1.5 Freeway Total Trucks, % [ |o.o0 2 ORamp Total Trucks, % O |o.00
Driver Population D All Familiar ~ Weather Type D MNon-Severe Weather e
Proportion of CAVs, % O o Ramp Demand Adj. Factar [ |1.000
Speed Adjustment Factor [] |1.000 Capacity Adjustment Factar [ [1.000

Select All [] Apply Global Inputs

Copynight © 2025 University of Florida. All Rights Resen HCS™ Freeways Version 2025 (USC)

Item has been checked? (Check Yes, No, or N/A for each item. Items 1-8 must be entered.)
Yes No N/A

1) Analyst: Name of individual(s) preparing analysis.

2) Agency: Agency or company preparing analysis.

3) Analysis Year: Year of analysis. Typically the design year or opening year.

4) Project Description: Name of project (i.e., FRA-670-10.33, PID 120449).

5) Facility Name: Highway and direction (i.e., 1-670 EB).

6) Jurisdiction: Jurisdiction where analysis is performed (i.e., "District 6", etc.).

7) Time Analyzed: Time period and condition of analysis (i.e., "AM No-Build", "PM Build", "AM No-Build/Build", etc.).

8) Date: Date on which analysis was prepared or last revised.

9) Managed Lane: Check box if managed lane is being analyzed.

10) Area Type: Select "Urban” if project is located within the "Census Urban Area” per ODOT's TIMS, otherwise select "Rural”.

11) Freeway Thru Lanes: Specifies number of lanes in the analysis direction. If analysis includes a managed lane then this is the number
of general purpose lanes.

12) Freeway Free Flow Speed: Entered as posted speed limit plus 5 mph. See Section 4.6.

13) Freeway Terrain Type: "Level” is typically selected. Select "Specific Grade" if grade exceeds 3% for more than 1/2 mile. See Section
5.1.

14) Freeway Peak Hour: Default of 0.94 is to be used. See Section 5.2.

15) Freeway Total Trucks: Percentage of trucks in traffic stream. See Section 5.5.

16) Ramp Lanes: Number of lanes of on-ramp(s) and off-ramp(s).

17) Ramp Free Flow Speed: See Section 4.6 and Appendix D (Example 4.6A).

18) Ramp Terrain Type: Leave unchecked if Freeway Terrain Type (Item #13) is "Level”, otherwise contact the Office of Roadway
Engineering.

19) Ramp Peak Hour Factor: See Section 5.2.

20) Ramp Total Trucks: Percentage of trucks of on-ramp(s) and off-ramp(s). See Section 5.5.

OO0 O0000 OO0 OOoOoOoOooooOodod
OO0 O0000 OO0 OOoOoOoOooooOodod

OO0 OOoooo oo o A
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1) Analyst: Name of individual(s) preparing analysis.
2) Agency: Agency or company preparing analysis.
3) Analysis Year: Year of analysis. Typically the design year or opening year.
4) Project Description: Name of project (i.e., FRA-670-10.33, PID 120449).
5) Facility Name: Highway and direction (i.e., I-670 EB).
6) Jurisdiction: Jurisdiction where analysis is performed (i.e., "District 6", etc.).
7) Time Analyzed: Time period and condition of analysis (i.e., "AM No-Build", "PM Build", "AM No-Build/Build", etc.).
8) Date: Date on which analysis was prepared or last revised.
9) Managed Lane: Check box if managed lane is being analyzed.
10) Area Type: Select "Urban" if project is located within the "Census Urban Area" per ODOT's TIMS, otherwise select "Rural".
11) Freeway Thru Lanes: Specifies number of lanes in the analysis direction. If analysis includes a managed lane then this is the number of general purpose lanes.
12) Freeway Free Flow Speed: Entered as posted speed limit plus 5 mph. See Section 4.6.
13) Freeway Terrain Type: "Level" is typically selected. Select "Specific Grade" if grade exceeds 3% for more than 1/2 mile. See Section 5.1.
14) Freeway Peak Hour: Default of 0.94 is to be used. See Section 5.2.
15) Freeway Total Trucks: Percentage of trucks in traffic stream. See Section 5.5.
16) Ramp Lanes: Number of lanes of on-ramp(s) and off-ramp(s).
17) Ramp Free Flow Speed: See Section 4.6 and Appendix D (Example 4.6A).
18) Ramp Terrain Type: Leave unchecked if Freeway Terrain Type (Item #13) is "Level", otherwise contact the Office of Roadway Engineering.
19) Ramp Peak Hour Factor: See Section 5.2.
20) Ramp Total Trucks: Percentage of trucks of on-ramp(s) and off-ramp(s). See Section 5.5.
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Traffic Analyst Checklist: HCS (Facilities) - onty one checklist is required to be submitted per project. This is best viewed
as an 11x17 document.

* Facilities1.xuf* - HCS Freeways - X
= START GENERAL SEGMENTS DETAILS CALIBRATION RESULTS REPORT @
Segments Input
Map-Based Segmentation Analysis Period Start Time 1 07:00
Add Segment Delete Segment 1 ~ Add Analysis Period Insert Analysis Period
2 Type 3 Name 4 Length, ft 5 Lanes 6 Demand Volume, veh/h 7 Ramp Demand, veh/h 8 Segment Analysis Details 9 Events Listlo
1 Basic 5280 3 0 Details
2 Merge 1500 3 0 0 Details
3 Overlap 500 3 0 Details
4 Diverge 1500 3 0 0 Details
5 Basic 5280 3 0 Details
6 Weaving 3000 4 0 Details
7 Basic 5280 3 0 Details
Back r Facility Next
Type Basic Merge overlap Diverge Basic Weaving Basic
Length, ft 5280 1500 500 1500 5286 3000 5280
Segment ID 1 2 3 4 5 6 7
Lanes 3 3 3 3 3 4 3
= DN A

Copyright @ 2025 University of Florida. All Rights Reserved. HCS™ Freeways Version 2025 (USC)

Item has been checked? (Check Yes, No, or N/ A for each item. Item in blue is entered in the "General" tab. Items in green can be entered
on the Segments tab or Details tab. Items in orange without check boxes are for information only)

Yes No N/A

O

1) Analysis Period: Beginning of analysis period. Typical values are 7:00 (AM), 12:00 (MID), and 17:00 (PM).

2) Segment Number:

3) Type: Verify each Segment Type is correct.

4) Name: At a minimum, the Merge, Diverge, and Weaving segments need to be named (i.e., "On-Ramp from Main",
"Off-Ramp to Broad", "Between Ramps at SR-123")

5) Length: Freeway length of segment.

6) Lanes: Specifies number of lanes in the analysis direction. If analysis includes a managed lane then this is the number of

general purpose lanes.

7) Demand Volume: Peak hour Freeway demand traffic for segment. Entry on the Segments tab can only be made for
Segment #1. Volumes for other segments are entered in on the Details tab.

8) Ramp Demand: Peak hour Ramp demand for traffic segment.

9) Segment Analysis Details: Click "Details” to go to a specified segment.

10) Events List: Typically not used. This indicates if a segment is analyzed with Severe Weather or a Shoulder/Lane closure.

O O OO0 OO0
O O OO0 OO O
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Traffic Analyst Checklist: HCS (Facilities - Basic Segment) - only one checklist is required to be submitted per

project. This is best viewed as an 11x17 document.

f
Segment Data
Segment 1= Analysis Period 1 07:00-07:15
Coded Type Basic Analyzed Type Basic
- Segment
) Nane Type Basic
O Flow Length, ft 5280
Segment ID 1
) Speed Lanes 3
O Density  mceeemeae—--
om pmes=sss=esse-
O Los
(-]
Fast Slow
Geometric Data
@ 2Number of Lanes 3 7 Terrain Type Level @
Back 3Measured FF5 8 Percent Grade, % Next
4Free Flow Speed, mi/h 754 9 Grade Length, mi
Blength, t 5280 * Right Side Clearance, ft
* Lane Width, t - Total Ramp Density, ramps/mi
6Managed Lane
Demand Data
1ODemand,vehfh 0 12 Peak Hour Factor 0.54
1.1 Total Trucks, % 0.00 Single-Unit Trucks (SUT), %
Tractor-Trailers (TT), % - Mixed Flow Model
Proportion of CAVs 0
Adjustment Factors
Driver Population All Familiar S Speed Adjustment Factor 1.000
Weather Type MNon-Severe Weather ~ 13 Capacity Adjustment Factor 1.000
Incident Type Mo Incident . Demand Adjustment Factor 1.000
Work Zone O

Copyright © 2025 University of Florida. All Rights Reser

HCS™ Freeways Version 2025 (USC)

Item has been checked? (Check Yes, No, or N/A for each item. Item in blue is entered in the "General” tab. Items marked with ™" are
Yes No N/A typically not used.)

1) Analysis Period: Beginning of analysis period. Typical values are 7:00 (AM), 12:00 (MID), and 17:00 (PM).
2) Number of Lanes: Specifies number of lanes in the analysis direction. If analysis includes a managed lane then this is the number of
general purpose lanes.
3) Measured FFS: Check the box.
4) Free Flow Speed: Entered as posted speed limit plus 5 mph. See Section 4.6.
5) Length: Length of segment. See Section 6.2.1.1 and Example 6.2.1.1E - Basic Segment.
[0 6) Managed Lanes: On the "General” tab in the Facility Global Inputs, check the box if managed lane(s) exist. Otherwise this will be
disabled.
7) Terrain Type: "Level” is typically selected. Select "Specific Grade” if grade exceeds 3% for more than 1/2 mile. See Section 5.1.
8) Percent Grade: Applicable only if "Specific Grade" is selected as Terrain Type.
9) Grade Length: Applicable only if "Specific Grade" is selected as Terrain Type.
10) Demand: Peak hour demand traffic for segment.
11) Total Trucks: Percentage of trucks in segment. See Section 5.5.
12) Peak Hour Factor: Default of 0.94 is to be used. See Section 5.2.
[0 13) Capacity Adjustment Factor: Typically 1.000. See Section 6.5.1.

oOoOooood Oooo od
oOoOooood Oooo od
00
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Traffic Analyst Checklist: HCS (Facilities - Basic Segment)  - Only one checklist is required to be submitted per project. This is best viewed as an 11x17 document.
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1) Analysis Period: Beginning of analysis period. Typical values are 7:00 (AM), 12:00 (MID), and 17:00 (PM).
2) Number of Lanes: Specifies number of lanes in the analysis direction. If analysis includes a managed lane then this is the number of general purpose lanes.
3) Measured FFS: Check the box.
4) Free Flow Speed: Entered as posted speed limit plus 5 mph. See Section 4.6.
5) Length: Length of segment. See Section 6.2.1.1 and Example 6.2.1.1E - Basic Segment. 
6) Managed Lanes: On the "General" tab in the Facility Global Inputs, check the box if managed lane(s) exist. Otherwise this will be disabled.
7) Terrain Type: "Level" is typically selected. Select "Specific Grade" if grade exceeds 3% for more than 1/2 mile. See Section 5.1.
8) Percent Grade: Applicable only if "Specific Grade" is selected as Terrain Type.
9) Grade Length: Applicable only if "Specific Grade" is selected as Terrain Type.
10) Demand: Peak hour demand traffic for segment.
11) Total Trucks: Percentage of trucks in segment. See Section 5.5.
12) Peak Hour Factor: Default of 0.94 is to be used. See Section 5.2.
13) Capacity Adjustment Factor: Typically 1.000. See Section 6.5.1.
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Traffic Analyst Checklist: HCS (Facilities - Merge Segment) - only one checklist is required to be submitted per

project. This is best viewed as an 11x17 document.

Copyright © 2025 University of Florida. All Rights Reser

f
Segment Data
Segment 1= = Analysis Period 1 07:00-07:15 -
Coded Type Merge Analyzed Type Merge
~Segment
) None Type Merge
O How Length, ft 1508
] Segment ID 1
L) Speed Lanes 3
O Density = eeese;eeeee-
omo rEssssssssees
O 10s T
CIE
Fast Slow
Geometric Data
2Number of Lanes 3 6 Ramp Lanes 1
3Free Flow Speed, mi/h 75.4 7 Ramp Free Flow Speed, mi/h 35.0
4Freeway Length, ft 1500 8 Ramp Side Right -
*Freeway Terrain Type Level - * Ramp Terrain Type Level =
*Freeway Grade, % - * Ramp Grade, % -
@ *Freeway Grade Length, mi - * Ramp Grade Length, mi - @
Back |DMeasured FFS O C-DRoadway O Next
Right Side Clearance, ft - 10 Length of First Accel. Lane (LA), ft 800
Lane Width, ft - .1 Length of Second Accel. Lane (LA2), ft -
Total Ramp Density, ramps,/mi -
Managed Lane
Demand Data
12 Freeway Demand, veh/h 0 15 Merge Demand, veh/h 0
13 Freeway Peak Hour Factor 0.94 16 Ramp Peak Hour Factor 0.94
1 4 Freeway Total Trucks, % 0.00 17 Ramp Total Trucks, % 0.00
Freeway Single-Unit Trucks (SUT), % - Ramp Single-Unit Trucks (SUT), % -
Freeway Tractor-Trailers (TT), % - Ramp Tractor-Trailers (TT), % -
Proportion of CAVs 0
Adjustment Factors
Freeway Driver Population All Familiar e Ramp Driver Population All Familiar &
Freeway Weather Type MNon-5evere Weather ~ Ramp Weather Type MNon-5evere Weather ~
Freeway Speed Adjustment Factor 1.000 Ramp Spead Adjustment Factor 1.000
Freeway Capacity Adjustment Factor 1.000 Ramp Capacity Adjustment Factor 1.000
Freeway Demand Adjustment Factor 1.000 Ramp Demand Adjustment Factor 1.000
Incident Type No Incident v Work Zone O

HCS™ Freeways Version 2025 (USC)

Item has been checked? (Check Yes, No, or N/A for each item. Item in blue can are entered in the "General” tab. Items marked with ™" are

Yes No N/A typically not used.)

o O

Example 6.2.1.1A.

See Section 4.6.

5) Measured FFS: Check the box.

OoooOoOo O O O
OoooOoOo O O O

OATS Manual, July 2025 - HCS Facilities Checklist - Page 4 of 7

6) Ramp Lanes: Number of on-ramp lanes.
7) Ramp Free Flow Speed: See Section 4.6.
8) Ramp Side: Location of on-ramp relative to the freeway.
(] 9) C-D Roadway: Check if Collector-Distributor is being analyzed.

1) Analysis Period: Beginning of analysis period. Typical values are
7:00 (AM), 12:00 (MID), and 17:00 (PM).
2) Number of Lanes: Number of lanes on the freeway. See Appendix F,

3) Free Flow Speed: Entered as posted speed limit plus 5 mph.

4) Freeway Length: Length of Merge segment. Typically 1500 feet,
but can be less. See Appendix F, Example 6.2.1.1A.

Ooooo OO o O
Ooooo OO o O

10) Length of First Accel. Lane (LA): Length of on-ramp acceleration
length. See Appendix F, Example 6.2.1.1A.

11) Length of Second Accel. Lane (LA2): Only applies if a 2-lane
on-ramp is analyzed. See Appendix F, Example 6.2.1.1A.

12) Freeway Demand: Demand volume prior to the on-ramp.

13) Freeway Peak Hour Factor: Default of 0.94 is to be used.
See Section 5.2.

14) Freeway Total Trucks: Percentage of trucks in segment. See Section 5.5.

15) Merge Demand: Demand volume of on-ramp.

16) Ramp Peak Hour Factor: See Section 5.2.

17) Ramp Total Trucks: Percentage of trucks of on-ramp. See Section 5.5.
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Item has been checked? (Check Yes, No, or N/A for each item. Item in blue can are entered in the "General" tab. Items marked with "*" are 
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1) Analysis Period: Beginning of analysis period. Typical values are
     7:00 (AM), 12:00 (MID), and 17:00 (PM).
2) Number of Lanes: Number of lanes on the freeway. See Appendix F,
     Example 6.2.1.1A.
3) Free Flow Speed: Entered as posted speed limit plus 5 mph. 
     See Section 4.6.
4) Freeway Length: Length of Merge segment. Typically 1500 feet, 
     but can be less. See Appendix F, Example 6.2.1.1A.
5) Measured FFS: Check the box.
6) Ramp Lanes: Number of on-ramp lanes.
7) Ramp Free Flow Speed: See Section 4.6.
8) Ramp Side: Location of on-ramp relative to the freeway.
9) C-D Roadway: Check if Collector-Distributor is being analyzed.
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10) Length of First Accel. Lane (LA): Length of on-ramp acceleration
      length. See Appendix F, Example 6.2.1.1A.
11) Length of Second Accel. Lane (LA2): Only applies if a 2-lane 
      on-ramp is analyzed. See Appendix F, Example 6.2.1.1A.
12) Freeway Demand: Demand volume prior to the on-ramp.
13) Freeway Peak Hour Factor: Default of 0.94 is to be used. 
      See Section 5.2.
14) Freeway Total Trucks: Percentage of trucks in segment. See Section 5.5.
15) Merge Demand: Demand volume of on-ramp.
16) Ramp Peak Hour Factor: See Section 5.2.
17) Ramp Total Trucks: Percentage of trucks of on-ramp. See Section 5.5.
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Traffic Analyst Checklist: HCS (Facilities - Diverge Segment) - only one checklist is required to be submitted per

project. This is best viewed as an 11x17 document.

g

- START GENERAL SEGMENTS DETAILS CALIBRATION RESULTS REPORT (£)]

Segment Data

Back

Segment 1= = Analysis Period 1 07:00-07:15 -
Coded Type Diverge Analyzed Type Diverge
~Segment

) None Type Diverge

Length, ft 1588

- Flow Segment ID 1

2 Speed Lanes 3

O Density = === isesmsssss==s

omo rEssmsssssse

- e

O Los K

Fast Slow

Geometric Data

2Number of Lanes 3

3Free Flow Speed, mi/h 754

4Freeway Length, ft 1500

*Freeway Terrain Type Level =

*Freeway Grade, % -
*Freeway Grade Length, mi -

BMeasured Frs

Right Side Clearance, ft -
Lane Width, ft -
Total Ramp Density, ramps,/mi -

Managed Lane

Demand Data

2 Freeway Demand, veh/h 0
3 Freeway Peak Hour Factor 0.94
4 Freeway Total Trucks, % 0.00

Freeway Single-Unit Trucks (SUT), % -

Freeway Tractor-Trailers (TT), % -

Adjustment Factors

Proportion of CAVs 0

Freeway Driver Population All Familiar v
Freeway Weather Type Mon-5evere Weather ~
Freeway Speed Adjustment Factor 1.000

Freeway Capacity Adjustment Factor 1.000

Freeway Demand Adjustment Factor 1.000

Incident Type Mo Incident e

Copyright © 2025 University of Florida. All Rights Reser

6 Ramp Lanes 1

7 Ramp Free Flow Speed, mi/h 35.0

8 Ramp Side Right v
* Ramp Terrain Type Level =

Ramp Grade, % -
* Ramp Grade Length, mi - @
O C-DRoadway O Next

10 Length of First Decel. Lane (LD), ft 400

11 Length of Second Decel. Lane (LD2), ft -

15 Diverge Demand, veh/h 0
16 Ramp Peak Hour Factor 0.94
17 Ramp Total Trucks, % 0.00

Ramp Single-Unit Trucks (SUT), % -

Ramp Tractor-Trailers (TT), % -

Ramp Driver Population All Familiar v
Ramp Weather Type Mon-5evere Weather ~
Ramp Spead Adjustment Factor 1.000

Ramp Capacity Adjustment Factor 1.000

Ramp Demand Adjustment Factor 1.000

Work Zone O

HCS™ Freeways Version 2025 (USC)

Item has been checked? (Check Yes, No, or N/A for each item. Item in blue can are entered in the "General” tab. Items marked with ™" are

typically not used.)

Yes No N/A Yes No N/A
o O 1) Analysis Period: Beginning of analysis period. Typical values are o O 10) Length of First Decel. Lane (LD): Length of off-ramp deceleration
7:00 (AM), 12:00 (MID), and 17:00 (PM). length. See Appendix F, Example 6.2.1.1B.
O 0O 2) Number of Lanes: Number of lanes on the freeway. See Appendix F, O O 0O 11) Length of Second Decel. Lane (LD2): Only applies if a 2-lane
Example 6.2.1.1B. off-ramp is analyzed. See Appendix F, Example 6.2.1.1B.
O O 3) Free Flow Speed: Entered as posted speed limit plus 5 mph. O O 12) Freeway Demand: Demand volume prior to the off-ramp.
See Section 4.6. o O 13) Freeway Peak Hour Factor: Default of 0.94 is to be used.
O O 4) Freeway Length: Length of Diverge segment. Typically 1500 feet, See Section 5.2.
but can be less. See Appendix F, Example 6.2.1.1B. O 0O 14) Freeway Total Trucks: Percentage of trucks in segment. See Section 5.5.
O O 5) Measured FFS: Check the box. O O 15) Merge Demand: Demand volume of off-ramp.
O 0O 6) Ramp Lanes: Number of off-ramp lanes. O 0O 16) Ramp Peak Hour Factor: See Section 5.2.
O 0O 7) Ramp Free Flow Speed: See Section 4.6. o O 17) Ramp Total Trucks: Percentage of trucks of off-ramp. See Section 5.5.
O O 8) Ramp Side: Location of off-ramp relative to the freeway.
O O O 9) C-D Roadway: Check if Collector-Distributor is being analyzed.
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Traffic Analyst Checklist: HCS (Facilities - Diverge Segment)  - Only one checklist is required to be submitted per project. This is best viewed as an 11x17 document.
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Item has been checked? (Check Yes, No, or N/A for each item. Item in blue can are entered in the "General" tab. Items marked with "*" are 
                                        typically not used.)
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11
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gharring
Text Box
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gharring
Text Box
Yes   No   N/A

gharring
Text Box
1) Analysis Period: Beginning of analysis period. Typical values are
     7:00 (AM), 12:00 (MID), and 17:00 (PM).
2) Number of Lanes: Number of lanes on the freeway. See Appendix F,
     Example 6.2.1.1B.
3) Free Flow Speed: Entered as posted speed limit plus 5 mph. 
     See Section 4.6.
4) Freeway Length: Length of Diverge segment. Typically 1500 feet, 
     but can be less. See Appendix F, Example 6.2.1.1B.
5) Measured FFS: Check the box.
6) Ramp Lanes: Number of off-ramp lanes.
7) Ramp Free Flow Speed: See Section 4.6.
8) Ramp Side: Location of off-ramp relative to the freeway.
9) C-D Roadway: Check if Collector-Distributor is being analyzed.
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10) Length of First Decel. Lane (LD): Length of off-ramp deceleration
      length. See Appendix F, Example 6.2.1.1B.
11) Length of Second Decel. Lane (LD2): Only applies if a 2-lane 
      off-ramp is analyzed. See Appendix F, Example 6.2.1.1B.
12) Freeway Demand: Demand volume prior to the off-ramp.
13) Freeway Peak Hour Factor: Default of 0.94 is to be used. 
      See Section 5.2.
14) Freeway Total Trucks: Percentage of trucks in segment. See Section 5.5.
15) Merge Demand: Demand volume of off-ramp.
16) Ramp Peak Hour Factor: See Section 5.2.
17) Ramp Total Trucks: Percentage of trucks of off-ramp. See Section 5.5.
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Traffic Analyst Checklist: HCS (Facilities - Weaving Segment) - only one checklist is required to be submitted per

project. This is best viewed as an 11x17 document.

START GENERAL SEGMENTS DETAILS

CALIBRATION RESULTS

REPORT

b -

1

On-Ramp

Grade, %

4 Left-Sided

Managed Lane

Number of Lanes for 2 one-sidad weavi

ZNumberof Lanes
3Free Flow Speed, mi/h

Terrain Type

Grade Length, mi

Freeway-to-
7 Demand, veh/h 0
Demand Adjustment Factor
8 Pealk Hour Factor
9 Total Trucks,
Single-Unit Trucks (SUT), %
Tractor-Trailers (TT), %

Prop. of CAVs (segment)

Driver Population
Weather Type

Incident Type

Segment Data

Analysis Period

Analyzed Type

Type Weaving
Length, ft Jeae
Segment ID 1

Lanes 3

Freeway Geometric Data

Segment 1>
Coded Type Weaving
~Segment
' None
2 Flow
O Speed
O Density
O
2 Los
o
Fast Slow
2Numberof Lanes 3
3Measured FFS
/| Free Flow Speed, mi/h 75.4
5Weaving Configuration One-Sided
6Numberof Weaving Lanes (NWL) 2
|/ Shert Length (LS), ft 500
Interchange Density, int/mi 0.33
Lane Width, ft -

ides auxiliary lanes

1

% Terrain Type

% Percent Grade, %

% Grade Length, mi

8 Minimum FR Lane Changes
9 Minimum RF Lane Changes
0 Minimum RR Lane Changes

% Right Side Clearance, ft

% Total Ramp Density, ramps/mi

1 1 C-D Roadway

Ramp Geometric Data

Off-Ramp

15 Number of Lanes

16 Free Flow Speed, mi/h

* Terrain Type
* Grade, %

% Grade Length, mi

Demand Data

Freeway Ramp-to-Freeway
17 Demand, veh/h 0
1.000 Demand Adjustment Factor 1.000
0.94 | 9 () Peak Hour Factor 0.94
% 0.00 2 1 Total Trucks, % 0.00
- Single-Unit Trucks (SUT), %
- Tractor-Trailers (TT), %
0

Ramp-to-Ramp
17 Demand, veh/h

Demand Adjustment Factor
20 Peak Hour Factor
2 1 Total Trucks, %

Single-Unit Trucks (SUT), %

Tractor-Trailers (TT), %

Freeway Adjustment Factors

All Familiar

Mon-5evere Weather

Mo Incident

Copyright © 2025 University of Florida. All Rights Reserved.

Speed Adjustment Factor
Capacity Adjustment Factor

Work Zone

1 |07:00-07:15

Weaving

Level

Next

35.0

Level

Freeway-to-Ramp
17 Demand, veh/h
1.000

1.000 Demand Adjustment Factor

0.94 18 Peak Hour Factor 0.94

0.00 19 Total Trucks, % 0.00
Single-Unit Trucks (SUT), %

Tractor-Trailers (TT), %

1.000

1.000

HCS™ Freeways Version 2025 (USC)

Item has been checked? (Check Yes, No, or N/A for each item. Item in blue can are entered in the "General” tab. Items marked with ™" are

Yes No N/A
O O
O O
O O
O O
O O
O O
O O
O O O
O O O

typically not used.)

1) Analysis Period: Beginning of analysis period. Typical values arel
7:00 (AM), 12:00 (MID), and 17:00 (PM).

2) Number of Lanes: Number of lanes on the freeway including auxiliary

lane(s). See Appendix F, Example 6.2.1.1C.
3) Measured FFS: Check the box.
4) Free Flow Speed: Entered as posted speed limit plus 5 mph. See
5) Weaving Configuration: One-Sided or Two-Sided.

6) Number of Weaving Lanes: Number of lanes from which a weaving

maneuver may be made with one or no lane changes.

7) Short Length: Distance between the end points of any barrier markings

(solid white lines) that prohibit or discourage lane changing.

8) Minimum FR Lane Changes: Minimum number of lane changes for freeway-

to-ramp movement. Entry only applies for one-sided weaving segments.

9) Minimum RF Lane Changes: Minimum number of lane changes for ramp-

to-freeway movement. Entry only applies for one-sided weaving

OATS Manual, July 2025 - HCS Facilities Checklist - Page 6 of 7

Yes No N/A

O O o

O O o

o o
Section4.6.0 O

O O o

o o

o o

o o

o o

o o
segments. [0 O

o o

10) Minimum RR Lane Changes: Minimum number of lane changes for
ramp-to-ramp movement. Entry only applies for two-sided weaving
segments.
11) C-D Roadway: Check if Collector-Distributor is being analyzed.
12) On-Ramp Number of Lanes: Number of on-ramp lanes.
13) On-Ramp Free Flow Speed: See Section 4.6.
14) Left-Sided: Location of on-ramp relative to the freeway.
15) Off-Ramp Number of Lanes: Number of off-ramp lanes.
16) Off-Ramp Free Flow Speed: See Section 4.6.
17) Demand: Peak hour demand for specified movement.
18) Peak Hour Factor (Freeway): Default of 0.94 is to be used. See
Section 5.2.
19) Total Trucks (Freeway): Percentage of trucks from the freeway.
See Section 5.5.
20) Peak Hour Factor (Ramp): See Section 5.2.
21) Total Trucks (Ramp): Percentage of trucks from the ramp.
See Section 5.5.
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Item has been checked? (Check Yes, No, or N/A for each item. Item in blue can are entered in the "General" tab. Items marked with "*" are                                        typically not used.)

gharring
Text Box
1) Analysis Period: Beginning of analysis period. Typical values arel
     7:00 (AM), 12:00 (MID), and 17:00 (PM).
2) Number of Lanes: Number of lanes on the freeway including auxiliary 
     lane(s). See Appendix F, Example 6.2.1.1C.
3) Measured FFS: Check the box.
4) Free Flow Speed: Entered as posted speed limit plus 5 mph. See Section 4.6.
5) Weaving Configuration: One-Sided or Two-Sided.
6) Number of Weaving Lanes: Number of lanes from which a weaving
     maneuver may be made with one or no lane changes.
7) Short Length: Distance between the end points of any barrier markings
     (solid white lines) that prohibit or discourage lane changing.
8) Minimum FR Lane Changes: Minimum number of lane changes for freeway-
     to-ramp movement. Entry only applies for one-sided weaving segments.
9) Minimum RF Lane Changes: Minimum number of lane changes for ramp-
     to-freeway movement. Entry only applies for one-sided weaving segments.

gharring
Text Box
10) Minimum RR Lane Changes: Minimum number of lane changes for   ramp-to-ramp movement. Entry only applies for two-sided weaving segments.
11) C-D Roadway: Check if Collector-Distributor is being analyzed.
12) On-Ramp Number of Lanes: Number of on-ramp lanes.
13) On-Ramp Free Flow Speed: See Section 4.6.
14) Left-Sided: Location of on-ramp relative to the freeway.
15) Off-Ramp Number of Lanes: Number of off-ramp lanes.
16) Off-Ramp Free Flow Speed: See Section 4.6.
17) Demand: Peak hour demand for specified movement.
18) Peak Hour Factor (Freeway): Default of 0.94 is to be used. See Section 5.2.
19) Total Trucks (Freeway): Percentage of trucks from the freeway.           See Section 5.5.
20) Peak Hour Factor (Ramp): See Section 5.2.
21) Total Trucks (Ramp): Percentage of trucks from the ramp. 
      See Section 5.5.
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Traffic Analyst Checklist: HCS (Facilities - Overlap Segment) - only one checklist is required to be submitted per

project. This is best viewed as an 11x17 document.

g

Back

Segment

Coded Type

2Number of Lanes
3Measured FFS

4Free Flow Speed, mi/h
5Length, ft

* Lane Width, ft

6Managed Lane

8Demand, wveh/h
9T0ta| Trucks, %

* Tractor-Trailers (TT), %

* Proportion of CAVs

Driver Population
Weather Type
Incident Type

Work Zone

1>

Overlap

Segment Data
Analysis Period

Analyzed Type

- Segment

) None
 Flow

) Speed
) Density
o1

0 LOS

Fast

Type Owerlap
Length, ft 588
Segment ID 1

Lanes

Slow

754

500

0.00

All Familiar

Mon-5evere Weather ~

Mo Incident

O

Copyright © 2025 University of Florida. All Rights Reser

Geometric Data
7Terrain Type
* Percent Grade, %
* Grade Length, mi
* Right Side Clearance, ft

+ Total Ramp Density, ramps/mi

Demand Data
10 Peak Hour Factor
* Single-Unit Trucks (SUT), %

% Mixed Flow Model

Adjustment Factors
~ Speed Adjustment Factor
Capacity Adjustment Factor

v Demand Adjustment Factor

- START GENERAL SEGMENTS DETAILS CALIBRATION RESULTS REPORT (£)]

1 | o07:00-07:15 v
Basic
Level = @
Next

0.94
1.000
1.000
1.000

HCS™ Freeways Version 2025 (USC)

Item has been checked? (Check Yes, No, or N/A for each item. Item in blue can are entered in the "General” tab. Items marked with ™" are

typically not used.)

general purpose lanes.

Yes No N/A
O O

O O

O O

O O

O O

O O

disabled.

O O

O O

O O

O O

3) Measured FFS: Check the box.
4) Free Flow Speed: Entered as posted speed limit plus 5 mph. See Section 4.6.
5) Length: Length of segment. See Section 6.2.1.1 and Example 6.2.1.1D - Overlap Segment.

OATS Manual, July 2025 - HCS Facilities Checklist - Page 7 of 7

1) Analysis Period: Beginning of analysis period. Typical values are 7:00 (AM), 12:00 (MID), and 17:00 (PM).
2) Number of Lanes: Specifies number of lanes in the analysis direction. If analysis includes a managed lane then this is the number of

6) Managed Lane: On the "General” tab in the Facility Global Inputs, check the box if managed lane(s) exist. Otherwise this will be

7) Terrain Type: "Level” is typically selected. Select "Specific Grade” if grade exceeds 3% for more than 1/2 mile. See Section 5.1.
8) Demand: Peak hour demand traffic for segment.

9) Total Trucks: Percentage of trucks in segment.

10) Peak Hour Factor: Default of 0.94 is to be used. See Section 5.2.
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Text Box
Yes   No   N/A

gharring
Text Box
1) Analysis Period: Beginning of analysis period. Typical values are 7:00 (AM), 12:00 (MID), and 17:00 (PM).
2) Number of Lanes: Specifies number of lanes in the analysis direction. If analysis includes a managed lane then this is the number of general purpose lanes.
3) Measured FFS: Check the box.
4) Free Flow Speed: Entered as posted speed limit plus 5 mph. See Section 4.6.
5) Length: Length of segment. See Section 6.2.1.1 and Example 6.2.1.1D - Overlap Segment. 
6) Managed Lane: On the "General" tab in the Facility Global Inputs, check the box if managed lane(s) exist. Otherwise this will be disabled.
7) Terrain Type: "Level" is typically selected. Select "Specific Grade" if grade exceeds 3% for more than 1/2 mile. See Section 5.1.
8) Demand: Peak hour demand traffic for segment.
9) Total Trucks: Percentage of trucks in segment.
10) Peak Hour Factor: Default of 0.94 is to be used. See Section 5.2.
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Traffic Analyst Checklist: HCS (Streets) - only one checklist is required to be submitted per project. This is best viewed as an 11x17

document.
Date: Checklist Prepared By: Traffic Analyses Prepared By:
District: Project Name (County-Route-Section): PID: Study Type:

HCS Version:  [] HCS 2025 [] HCS 2024 []J HCS 2023  [] HCS 2022

The "Quick Start” window below will be displayed when opened. It is unaltered.

Quick Start
Default Selections
1 Number of Intersections | v 5 Cycle Length, s 120
2 Forward Direction EB 6 Minimum Green, s 6
Number of Periods 1 = 7 Yellow Change, s 4.0
Analysis Duration, h 0.250 8 Red Clearance, s 0.0
3 Base Saturation Flow, pcphpl | 1500 Passage Time, s 20
4 Speed Limit, mi/h 35 Detector Length, ft 40
Units (@ USCustomary () Metric Units
Template Help (7) Select Template
OK Cancel

Item has been checked? (Check Yes or No for each item.)
Yes No

|:| |:| 1) Number of Intersections: Intersections being analyzed. Intersections can be added or deleted after the initial data set is created.

I:I I:I 2) Forward Direction: Entry specifies direction of "phase 2" in timing plan. Typically, EB or NB. The window below will
appear after selecting the "OK" button.

|:| |:| 3) Base Saturation Flow: See Section 5.3. Entry will be 1900 pcphpl (urban) or 1750 pcphpl (non-urban).
I:I I:I 4) Speed Limit: Posted speed limit of each movement.

See Section 5.7

|:| |:| 5) Cycle Length: Typically 60s to 120s. Default of 120s is acceptable since analyses will be optimized.

I:I I:I 6) Minimum Green: Revise to 7s. This meets the minimum green duration for left turn movements. Minimum green duration
for the thru movements will need to be revised in the Primary Input Data section.

|:| |:| 7) Yellow Change: Use existing or 4.0s.
|:| |:| 8) Red Clearance: Use existing of 2.0s.

Forward Direction

The urban street forward direction has been specfified as eastbound (EB). Once
this direction has been chosen it can only be reversed from now on, in this
particular dataset. Northbound and southbound will no longer be available for
selection in this dataset. Are you sure you want to proceed with eastbound (EB)
as the forward direction?

[_] Do not show this again

Yes No
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The "Primary Input Data” window below will be displayed when opened. It is unaltered. This is best viewed as an 11x17 document.

[l |
-l File View Edit Windows Reports  Help - =
] =RECOR NS =3 Intersection: 1= - 4 1 Start Time: Period: 1= 7:00 - 4 9-
Classic Mode  Visual Mode
= PRIMARY INPUT DATA 2
General Phasing
21
2 Urban Street | | 17 Cycle. s 120 A
3 Intersection | | l—_ 18 Pre-Timed Signal O 4 1 ﬁ
4 Description | | x__[= (ffset, s 0 ! 2 3 :
5 Forward Direction EB ~  Area Type Other - .":E = ::: 19 Phase 2 Direction  EB - A L k
Segment Length, ft Duration = 20 Phase 4 Direction 5B M 5 [ 7 Ps
All Segment Lengths 6PHF - Refersnce Phass 2 T Side Street Split Phasing 022
Prop. of CAY, % ICI Reference Point  End M Pﬂ?“”g Uncoordinated Irtersection [ 23
izard
. Force Mode Fixed @ Field-Measured Phase Times [
Traffic and Geometry
EBL EBT EBR WBL WBT WBR MNBL NBT NBER GSBL SBT SBR Phase Duration
8 Demand, veh/h © Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo o | =
Lane Width. ft [120 |[12.0 |[120 120 |[120 |[120 |[12.0 |[120 |[120 |[120 |[120 |[120 | =3
9 Storage Length. f 0 Jo Jo Jo Jio Jo Jo Jo Jo Jo Jo Jo | [Geen (1160 |00 [00 |00 00 00
10Base Saturation, pc/h/n 1300 |[1900|[1300 || 1900 || 1900 || 1500 || 1900 || 1500 |[1300 |[1300 |[1300|[1300 |  |Yellow |40 00 |00 |00 0.0 00
1.1 Heavy Vehicles, % O Jo Qo Jo Jo Jo Jo Jo Jo Jo Jo Jo ] LR 0o oo 0o 0.0 0o oo
12 Grade, % EI EI EI EI Timing
Buses, perh o] o] o] o ] EBL EBT WBL WBT NBL NBT SBL  SBT
Parking, per h 0 N - |0 0 N - |0 0 Mo~ 0 0 N~ 0 Assigned Phase (5) (2) (1) (6) (3) (8) (7) (4)

Bicycles, perh EI EI EI EI Phase Split, s |2[;._|}

|
Pedestrians. per h D D D D 24YelowChange.s [40 |40 |40 |40 40 Jfe0 4o [s0 |
13 Amival Type |3 ”3 ”3 ”3 ”3 ”3 ”3 ”3 ”3 ”3 ”3 ”3 |25HedC|earance.s |D.I} ||D.D ||D.D ||D.D ||D.D |||}_[;. |||}_[;. |||}_[;. |
|

500 |[20.0

500 (200 300 |00 |[30.0

Upstream Filtering {1) I-ER I-WB I-NB I-5B 26 Minimum Green, s |E || 6 ” 6 ” ] ” ) ”E “E ”E
Iniial Gueue, veh © Jo Jo fo Jo Jlo Jo Jo o Jo flo Jlo [271agPhase mEt er [Jwe [ Jwr [Jw [ nt [Jst sT
14 Speed Limit. mih Passage Tme.s [20 |20 |20 |20 20 20 20 2o |
Detector. f 40 Jeo Jo Jao Jlao Jlao Jla0 a0 Jl40 |40 [[90 [0 |ogrecaiMode o ~ wn <lof - W -]OF - OF - OF - OF -
15RTOR. veh/h . . L L Dual Ertry O= T [Jwe wr [ Nt s sT
1 6 Unsignalized Movement ] O O O Dallas/FYA Phasing Cew [Jws Simultaneous Gap - NS
Unsignalized Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Item has been checked? (Check Yes, No, or N/A for each item. Items in blue can be entered in the "Quick Start” window.)
Yes No N/A
|:| |:| 1) Start Time: Beginning of analysis period. Typically value are 7:00 (AM), 12:00 (MID), and 17:00 (PM).

2) Urban Street: Name of corridor being analyzed.

L]
L]
L]

3) Intersection: Name of intersection along corridor being analyzed.

4) Description of project: (i.e., FRA-670-10.33, PID 120449).

5) Forward Direction: Direction of Phase 2 in the timing plan.

6) PHF: Peak Hour Factor (See Section 5.2). Use existing intersection PHF. Use 0.92 if unknown or a new intersection.
7) Lane Assignments: Ensure correct number/types of lanes are coded.

8) Demand: Peak hour demand traffic volume for movement.

9) Storage Length: See Section 6.2.2.1 Primary Input Data - Traffic section. Enter value for all movements.

10) Base Saturation: See Section 5.3. Entry will be 1900 pcphpl (urban) or 1750 pcphpl (non-urban).

11) Heavy Vehicles: See Section 5.5. Enter value per approach (i.e., enter "3" for EBL, EBT, and EBR ).

[

12) Grade: See Section 5.1. Consider entering when grade exceeds 3 percent for more than 1/2 mile.
13) Arrival Type: Typically use default value of 3. See Section 6.2.2.1.

14) Speed Limit: Posted speed limit of each movement.

15) RTOR: Typically use default value of 0. See Section 5.4

16) Unsignalized Movement: See Section 6.2.2.1 Primary Input Data - Traffic section.

17) Cycle: Typically 60s-120s (see Section 5.7)

0 OO

18) Pre-Timed Signal: Check if signal is pre-timed.
19) Phase 2 Direction: Direction of Phase 2 in the timing plan.

20) Phase 4 Direction: Direction of Phase 4 in the timing plan.

See Section 6.2.2.1 Primary Input Data - Phasing section

21) Phasing: Ensure phasing is correct. For left turns (permitted only, protected only, or protected + permitted).
For right turns (does overlap exist?).

22) Side Street Split Phasing: Check if side street split phasing occurs.

23) Uncoordinated Intersection: Check if intersection is analyzed as an isolated intersection.

LI

See Section 5.7

24) Yellow Change: Use existing or 4.0s.

OO Od O O0O0dddooooooddddod
OO Od O O0O0dddooooooddddod

25) Red Clearance: Use existing or 2.0s.

26) Minimum Green: 7s (protected lefts), 10s (minor street thru movements), 20s (major street thru movements or
interchange ramp intersections.

27) Lag Phase: Entry specifies associated left-turn phase occurs immediately after the opposing thru movement phase
terminates. If split-phase occurs, entry indicates which thru movement phase (4 or 8) occurs first.

I:I I:I I:I 28) Recall Mode: Entry specifies if controller will automatically place a call for the specified phase each time the controller
is servicing a conflicting phase.

OATS Manual, July 2025 - HCS Streets Checklist - Page 2 of 3
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The "Detailed Input Data" window below will be displayed when opened. It is unaltered. This is best viewed as an 11x17 document.

Il HCS Streets - [Streets1.xcus 7] — O >
st File View Edit Windows Reports Help - F X
] =R & =4 Intersection: 1= M Start'l'lme:Period: 1= T:00 . 0-
Classic Mode  Visual Mode
PRIMARY IMPUT DATA 2
El DETAILED IMPUT DATA,
General Intersection
1 Analyst | EEL EBT EBR WBL WBT WBR NBL NBT NBR SBL S5BT SBR
nes
8 La 1 1 1 1 1 1 1 1 1 1 1 1
2 Agency/Co. | | 9 Shared Lane O O O O O O O O
3 Date |T'-'E- Jume 03, 2025 E- |]_O Percent Tums in Shared Lane 0 0 0 0 0 0 0 0
A Time Period | | Percent Unopposed Left Tums 0 0 0 0
5 Analysis Year [2025 | 11 Heaviest Lane Voiume.vehn [0 o Jlo Jo Jo Jo Jo Jo Jo Jo Jo Jo |
4 Jutnd | | Start-Up Lost Time, s [20 |20 |20 |20 |20 |20 |20 |20 |20 |20 |20 |20 |
urisdiction
Extension of Effective Green,s |20 (20 |20 |20 |20 |20 |20 |20 |20 |20 |20 |20 |
General Pedestrian Clear Interval, s
Mumber of Calculation terations Receiving Lanes
170 Tum Radius, f 1z ] |32 |12 | 32 |1z | 32 12| |32 |
Critical Merge Gap, 3 : Work Zane Active N N N O
Stored Vehicle Lane Length, f 250 Left/Thru Lanes Open ‘ - - -
Approach Width, ft 24.0 240 240 240
Length of Detected Vehicle, f Bus Blockage Time. s
Parking Maneuver Time, s 18 18 (|18 18 18 18 18 13
Stored Heawy Vehicle Length, ft g | | | ” | | ” | | ” | | |
12 Opposing Right-Tum Lane Influence ] ] ] O
7 Queue Length Percentie %~ Field Propottion Amiving on Green  [0.00 [[0.00 [[0.00 [[0.00 |0.00 |[0.00 |[0.00 |0.00 |[0.00 |[0.00 |[0.00 |0.00 |
Segment Signal
Acceleration Rate, ft/s2 Nalg'lne .
) 5.0
Stop Threshold Speed, mish Fwd Rev Exclusive Pedestrian Phase Time, s 0.0
Upstream Width, ft .
Pedestrians Pushing Button, prop Restrictive Median, ft Deceleration Rate, ft/s2
Sneakers per Cycle., veh Right-Hand Curb, % Crtical Headway (pemitted left tum). s
Right-Hand Access Points
=) N .
Platoon Minimum Headway. s/veh 1.50 Mid-Segmert Delay, s/veh Folow-Up Headway (pemitted left tum), s
160 Field Travel Speed, mi/h
Flatoon Maximum Headway, s/veh =
Field Free-Flow Speed, mi‘h
0138
Flatoon Dispersion Factor L On-5treet Parking, % Safety Input Data
0 - Speed Calibration Factor, mi/h
Demand Growth, % * B z Safety and Emission
Access Point Access Points
Critical Headway {left from majar), s Active
Follow-Up Headway (left from major), s PHF L =h Court: O Mew Delete
Right-Tum Equivalency Factor EBL EBT EBR WBL WBT WBR MNBL NBT MNBR SBL SBT SBR
Maximum Tum Bay Length, ft Flow Rate, veh/h
Deceleration Rate, ft/52 Lanes
Right-Tum Speed, ft/s Mame Location, ft
Optimization Origin-Destination
Include this Intersection in Optimization 14 Minimum Cycle, s MNumber of Generations Upstream
Po— : 15 Maximum Cycle, s Population Size Direction
13 Objective Function Percert Base FFS 716C " . - bty : L T R M
Cle Incremert, s rossover rrobabity, =
Cycle Length m Phasing Sequence ] d
1 7 Master Intersection 1 Mutation Probability, % T
Splits Dallas Phasing [ Forward Weighting, % Convergence Threshold, % [gp10 Downstream o
Offsets Reverse Weighting. % g Random Mumber Seed 7781 M
Interchanges and Altemative Intersections
Interchanges Altemative
Interchange Intersection [ Altemative Intersection N
Interchange Type Diamond
Intersection Type
EDTT Data
Item has been checked? (Check Yes, No, or N/A for each item.) Item has been checked? (Check Yes or No for each item.)
Yes No Yes No
o O 1) Analyst: Name of individual(s) preparing analysis. o O 5) Analysis Year: Year of analysis. Typically, the design year or
o O 2) Agency/Co: Agency or company preparing analysis. opening year.
gency gency pany preparing Y! pening y
O 0O 3) Date: Date on which analysis was prepared, or last revised. O 0O 6) Jurisdiction: Jurisdiction where analysis is performed
O O 4) Time Period: Time period of analysis (i.e., "AM No-Build", "PM Build", etc.). (i.e., "District 6", etc.).
O Od 7) Queue Length Percentile: Select "95".
Yes No N/A O 0O 8) Lanes: Ensure correct number/types of lanes are coded.
See Section 6.2.2.1 Detailed Input Data - Intersection section
o O O 9) Shared Lane: Boxes are automatically checked if lane assignments are entered on the Primary Input Data tab. Checked boxes indicate a shared lane (i.e., Left/Thru,
Left/Thru/Right, Thru/Right, or Left/Right lane configuration.).
O O O 10) Percent Turns in Shared Lane: Entry specifies the percent of left-turn or right-turn vehicles using the shared lane instead of the exclusive lane. Entry only applies to
Shared-plus-exclusive lane configurations. See Sections 4.7, 5.6, 6.2.2.1, Appendix F -Examples 6.2.2.1C and 6.2.2.1D.
o O O 11) Heaviest Lane Volume: Entry specifies the single-lane volume with the highest volume of each movement group. See Sections 5.6, 6.2.2.1, and Appendix E - Example 5.6A.
O o 0O

12) Opposing Right-Turn Lane Influence: Entry specifies whether or not permitted left turners are influenced by exclusive right-turn lanes on the opposing approach.

See Section 6.2.2.1 Detailed Input Date - Optimization section

13) Objective Function: Select "Overall Delay" or "Balanced Delay". Typically, "Overall Delay” provides the best results.

14) Minimum Cycle: Typically 60s.

15) Maximum Cycle: Typically 120s.

16: Cycle Increment: Enter "5".

17: Master Intersection: Entry specifies the master intersection number for a signal timing optimization run. Offset for master intersection will not be modified during optimization.
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