EPG 905.3 Transportation Impact Analysis, Accompaniment to Synchro/SimTraffic

EPG 905.3.5.2.3 and EPG 905.3.5.3.2 provide summaries of common concerns and parameters in the Synchro and SimTraffic software, respectively. Below is an accompaniment to these articles that include user-friendly illustrations for utilizing the Synchro and SimTraffic software.

[bookmark: _bookmark1]D.1   Overview
Trafficware’s Synchro is a macroscopic analysis and optimization software application that supports both the Highway Capacity Manual (HCM) methodologies and the Intersection Capacity Utilization method for determining intersection capacity. Synchro is ideally used to analyze arterials and networks of multiple signalized and/or stop/yield -controlled intersections. The Synchro software application allows users to code roadway networks in a map-based interface (with aerial imagery overlays if desired) in addition to specifying key parameters in roadway link and intersection node tables. Then the user can specify the types of measures of effectiveness (MOEs) to quantify in auto-generated summary reports.

SimTraffic is utilized within the Synchro software application and performs micro-simulation and the animation of vehicular and pedestrian-related traffic. SimTraffic allows the user to specify the number of model runs and the types of measures of effectiveness (MOEs) to quantify in auto-generated summary reports. The SimTraffic software displays its animation while the simulation is being performed.

For detailed comparisons between Synchro and SimTraffic and between the Synchro and HCM analysis methods, refer to EPG 905.3.2.4.1, EPG 905.3.5.2.3 and EPG 905.3.5.3.1.

This guidance details best practices for the determination of key intersection parameters in Synchro/SimTraffic. Attributes for the following settings options are included:
· Lane Settings
· Volume Settings
· Signal Timing Settings
· Signal Phasing Settings
· Signal Detection Settings
· Simulation Settings
· Documentation and Report Settings
· SimTraffic Calibration and Model Run Settings

[bookmark: _bookmark2]D.2     Background
This MoDOT Synchro/SimTraffic guidance has been developed to provide best practices as identified through areview of nationally recognized and peer state DOT guideline documents. The HCM 6, A Guide for Multimodal Mobility Analysis, and the NCHRP 812 Report, Signal Timing Manual 2nd Edition, were especially reviewed in the development of this guidance.

The HCM 6 serves as a fundamental reference on concepts, performance measures, and analysis techniques for evaluating the multimodal operation of all transportation facility types. Included in the manual are recommended intersection parameters that are based on national studies of driver behavior and intersection performance. The NCHRP 812 is a guide for engineers to use for signal timing principles based on user priorities and operational objectives. The National Electrical Manufacturers Association (NEMA) is also referred to in the NCHRP 812, which establishes standard phasing conventions for signalized intersections. Exhibit D1 displays the NEMA phase numbers for a standard 4-leg intersection with phases 2 and 6 representing the major movements.


Exhibit D1 – Typical Phase Numbers for Vehicle & Pedestrian Movements at 4 -Leg Intersection
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Note: This illustration is Figure 4-3 from the FHWA Signalized Intersection Guide.



[bookmark: _bookmark3]D.3     Synchro Coding Recommendations

Coding roadway networks in Synchro is intuitive and can primarily be accomplished through the use of icons in the Home tab. For a detailed introduction to coding, it is recommended that the user access the Synchro User Guide in the Help tab of Synchro (refer to Exhibit D2).

Exhibit D2 – Synchro User Guide
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Since effective network coding can be nuanced, best practices to be aware of include the following:
· Intersection approaches should be coded using cardinal directions only (e.g., north, south, east, and west). Other approach directions (e.g., northeast, southeast, northwest, and southwest) could potentially prevent Synchro from discerning turn movements from through movements. This would lead to inaccurate capacity and queueing results. However, if non-cardinal directions are needed for an intersection (an example would be an intersection with more than 4 legs), then be sure to thoroughly check that all appropriate traffic movements are properly assigned.
· The analysis period should remain at the Synchro-default of 15 minutes.
· The absence of traffic volumes on certain traffic movements could potentially lead Synchro to incorrectly calculate one or more movements as being prohibited. It is advised that traffic volumes should be changed from any value less than 4 vehicles per hour (vph) to 4 vph for non-restricted movements (Note: this is a Synchro-only issue and is not a concern for other tools such as HCS).
· All external links should extend reasonable distances from an intersection (at least 1,000 feet if not constrained by nearby intersections) to ensure adequate queueing can be calculated in subsequent SimTraffic runs.
· The link speed should represent the posted or proposed speed limit of the actual roadway.
· Overlaps between conflicting traffic movements should be avoided. Exhibit D3 (on the next page) shows an example of how conflicting movements can be identified using both the ring-and-barrier diagram and error notifications that will appear at the bottom of the Timing Settings table. Additionally, a common error to avoid is the coding of conflicts between U-turn and right-turn movements.


Exhibit D3 – Conflicting Movements Example
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· If analyzing median-controlled facilities where each bound is coded as a separate link, then left turns or U-turns should be modeled on separate links. On these short turn-only median links, both the “Simulation Left Turn Speed” entering the link and the link speed should be 10 mph below the speed limit. Refer to Exhibit D4.


Exhibit D4 – U-Turn Speed Example
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Note: Link speeds displayed on links

· Be aware of and document locations that could impact lane usage (e.g., a lane merge beyond an intersection or an advanced turn lane at a diamond interchange). Modify the lane utilization factor where appropriate (see Table 26).
· Use the Coding Error Check. Click on “Options” and then “Error Check” to identify all errors and warnings by location (e.g., node number and traffic movement) and error type. Try to address all errors and warnings if possible.

Coding with Cluster Editor
The cluster editor can be activated by selecting the “Cluster Editor” button from the Signal Timing group on the Home tab. The cluster editor allows multiple intersections to share one controller (Group control) through interactive selections and color coding in a dialog box. The cluster editor is often used in conjunction with the Ring and Barrier Designer. The cluster editor is especially useful for assigning group control to diamond interchanges, closely spaced intersections, and arterials with wide medians modeled as two nodes. Some important items to be aware of for cluster editor include:
· The smallest node number in the cluster is the controller number that will be used for data exchange.
· With group control, it is recommended that each intersection use phases in one ring only. All phases for one node should, ideally, be contained in one ring.



[bookmark: _bookmark4]D.4    Overall Intersection Signal / Node Parameters

The Node Settings dialog box can be accessed in Synchro by either double clicking on the node or by selecting an intersection and pressing enter; it will also automatically display on the left of the screen if the “Timing” or “Phasing” settings are selected. In the Node Settings dialog box, the user can update data such as the node number, zone name, intersection coordinates, description notes, and signal timing data. Exhibit D5 displays an example Node Settings dialog box.














Exhibit D5 – Synchro Node Settings Example
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[bookmark: _bookmark5]D.5    Lane Settings Parameters
The Lane Settings table displays a grid where the user can enter lane and geometric information. Table D1 displays key lane setting attributes that can be adjusted by the user and suggested default values for these attributes if no field data is available. Exhibit D6 shows an example Lane Settings table as displayed in Synchro.

Table D1 – Synchro Lane Settings: Typical User-Adjusted Attributes (When Field Data is Not Available)

	Lane Setting Parameter
	Basis 1
	Potential Data Sources
	Suggested / Typical Value(s)

	Number of Lanes and Sharing
	M
	Field data, signal plan, aerial imagery
	Cross check latest aerial imagery with current
field data.

	Traffic Volume (vph)
	M
	Field data, past counts
	Use count data that is representative of
current traffic conditions.

	
Link Distance (ft)
	
A
	
Aerial imagery, user judgement
	If not constrained by neighboring
intersections or other constraints, code all intersection approach link distances to be
1,000’ at minimum to fully capture all potential
vehicle queueing.

	
Link Speed (mph)
	
A
	
Field data, road inventory, signal plan, local jurisdiction information
	Typical Links: Enter the speed limit or safe, legal speed anticipated at approach.
Typical Ramps: 35 mph
Loop Ramps: 25 mph
Driveways: 25 mph

	Lane Width (ft)
	MG
	Field data, aerial measuring tools
	12 ft (default) or manual adjustment to match
field data. 2

	
Grade (%)
	
A
	
Field data
	Flat Grade: 0% 2
Moderate Grade: 3% 2
Steep Grade: 6% 2

	Area Type (CBD, non-CBD) 3
	A
	User judgement
	Select CBD if appropriate.
(Refer to footnote #3)

	Storage Length (ft)
	MG
	Field data, aerial measuring tools
	Round user input up to the nearest 25’
increment (e.g., round 160’ up to 175’). 4

	
Storage Lanes (#)
	
MG
	
Field data, signal plan, aerial imagery
	Value only appears if Storage Length is
greater than 0’.
Blue Text: Calculated value
Red Text: User overridden value

	
Right Turn Channelized
	
A
	
Field data, signal plan, aerial imagery
	None: No right-turn channelization
Yield: Yield sign with no phases assigned Stop: Stop sign with no phases assigned Free: Phase is ‘free’ (100% green time)
Signal: Movement is controlled by the signal

	
Curb Radius (ft)
	
A
	
Field data, signal plan, aerial imagery
	Value only appears if Right Turn Channelized is selected. Curb Radius specifies the
horizontal curvature of the street intersection.
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Exhibit D6 – Synchro Lane Settings Example
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[bookmark: _bookmark6]D.6 Volume Settings Parameters
The Volume Settings table displays a grid where the user can enter information pertaining to traffic volume characteristics. Table D2 displays key Volume Setting attributes that can be adjusted by the user and do not overlap with the Lane Settings table. Exhibit D7 displays an example Volume Settings table as displayed in Synchro.





Table D2 – Synchro Volume Settings: Typical User-Adjusted Attributes (When Field Data is Not Available)
	Volume Setting Parameter
	Basis 1
	Potential Data Sources
	Suggested / Typical Value(s)

	
Conflicting Pedestrians (# / hr)
	M (L & R
turns)
	
Field data, past counts
	Enter the number of pedestrian calls per hour that
conflict with permitted turn movements (do NOT enter all pedestrians activating this phase unless there is only one pedestrian per ped call).

	
Conflicting Bicycles (# / hr)
	M
(R turns)
	
Field data, past counts
	Enter the number of bicycles that conflict with right turns.
Enter 0 if bicycles cross the right-turn traffic ahead of the intersection.

	
Peak Hour Factor (PHF)
	
M
	
Field data, user judgement
	Current Conditions: Use traffic data, if available, to calculate PHF.
Current Conditions with no data and Future
Conditions: Use default value of 0.92

	Growth Factor
	M
	Traffic forecasts
	Use default value of 1.00

	Heavy Vehicles (%) 2
	
M
	Field data, past counts, MoDOT AADT Map
	Use field data or heavy vehicle estimates from the MoDOT AADT Map. Otherwise, use the HCM
recommended default of 3%.

	Bus Blockages (# / hr)
	M
	Field data, user judgement
	CBD Bus Stop: 12 buses / hr
Non-CBD Bus Stop: 2 buses / hr

	  Adjacent Parking Lane                
	M
	Field data, aerial imagery
	Check the box if there is on-street parking AND that it
impedes traffic flow.

	Parking Maneuvers (# / hr)
	
	
	

	
Traffic from Mid-Block (%)
	
A
	
Field data, past counts
	Use default value of 0%.
(Using mid-block volumes can be evaluated on a case- by-case basis as necessary.)

	
Link OD (Origin-Destination) Volumes
	
A
	
N/A
	All approaches that connect to an adjacent intersection
have a button available in the Link O-D Volumes row.
The user can activate the settings by clicking on this button.

Link OD volumes allow detailed control over the origin and destination flows between two adjacent
intersections. Volume balancing can reduce or eliminate certain turn combinations. In most cases, Link O-D
volumes are not needed since O-D volumes make little difference to the timing plan optimization. The most
common use is to prevent vehicles from turning left twice (i.e. a U-turn) at a freeway or wide median arterial.

For a full, detailed guide on how to use the Link OD Volumes feature, refer to pages 9-6 through 9-9 in the
Synchro Studio 10 User Guide.


Note: Setting attributes displayed are user-adjustable attributes only
1 M = Movement: One value for each left-turn, through, and right-turn movement; A = Approach: One value or condition for the intersection approach;
MG = Movement Group: One value for each turn movement with exclusive left- or right-turn lanes and one value for
the through movement (inclusive of any turn movements in a shared lane)
2 The Heavy Vehicles percentages in Synchro represent the percentage of trucks and buses for each movement.




Exhibit D7 – Volume Settings Example
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D.7 Timing Settings Parameters
The Timing Settings table displays a grid where the user can enter information pertaining to timing and phasing characteristics of a signalized intersection. Table D3 displays key timing setting attributes that can be adjusted by the user and suggested default values for these attributes if no field data is available. Table D4 and Table D5 are both referenced in Table D3 and display yellow change intervals and red change intervals, respectively. Exhibit D8 is referenced in the lagging phase attribute section of Table D3 and displays an illustration of a yellow trap as displayed in Figure 4-13 of the FHWA Signalized Intersection Guide. Exhibit D9 displays an example Timing Settings table as displayed in Synchro.







Table D3 – Synchro Timing Settings: Typical User-Adjusted Attributes (When Field Data is Not Available)
	Timing Setting
Parameter
	Basis 1
	Potential Data
Sources
	Suggested / Typical Value(s)

	Detector Phases
	M
	Field data, signal plan
	Use signal plan data or Synchro automated values (same as protected phase
numbers).

	Leading Detector (ft)
	MG
	Field data, signal plan
	Use signal plan data or Synchro automated values (100’ for through
movements, 20’ for turning movements).

	Trailing Detector (ft)
	MG
	Field data, signal plan
	Use signal plan data or Synchro default value of 0’

	
Minimum Split (sec)
	
MG
	
Signal Plan, Synchro automated Calculation
	Signal Plan: User-defined value
Calculation: Minimum Initial Green Time + Yellow Time + All-Red Time OR
Walk Time + Flash Don’t Walk + Yellow Time + All-Red Time (whichever is larger)

	Total Split (sec)
	MG
	Signal Plan, Synchro
automated Calculation
	Signal Plan: User-defined value
Calculation: Sum of maximum splits for movement, includes Yellow + All -Red

	Yellow Time (sec)
	MG
	Signal Plan
	Refer to Table D4 for minimum yellow times relative to approach speeds and
grades.

	All-Red Time (sec)
	MG
	Signal Plan
	Refer to Table D5 for specific red times relative to approach speeds.

	Lost Time Adjust (sec)
	MG
	Signal Plan
	0 sec

	Lagging Phase
	MG
	Signal Plan
	User-defined values (Note: Set carefully to avoid “Yellow Traps” – refer to
Exhibit D8)

	
Recall Mode
	
MG
	
Signal Plan
	User-defined Value Options:
No Recall: The phase can be skipped.
Min: The phase cannot be skipped and will always come on to its minimum. Max: The phase will always show its maximum and has no detection. The phase cannot skip nor gap out, nor can it be extended.
Pedestrian: The phase will always show a walk phase. The phase cannot be
skipped nor gap out until the walk and do not walk intervals have passed.
C-Max: Used with coordinated signals only. This option is available for phases selected as the reference phase in the Offset settings. Phase shows for its max time starting at its scheduled start time.
C-Min: Used with coordinated signals only. This option is available for phases selected as the reference phase in the Offset settings. Phase shows for its minimum time starting at its scheduled start time. Coordinated movemen ts must have detectors. No effect with By Phase yield points except with lead -lag
phasing.

	
Speed Limit
	
A
	
Field data, signal plan
	Typical Links: Enter the speed limit or safe, legal speed anticipated at
approach.
Typical Ramps: 35 mph
Loop Ramps & Driveways: 25 mph


Note: Setting attributes displayed are user-adjustable attributes only
1 M = Movement: One value for each left-turn, through, and right-turn movement; A = Approach: One value or condition for the intersection approach;
MG = Movement Group: One value for each turn movement with exclusive left or right-turn lanes and one value for
the through movement (inclusive of any turn movements in a shared lane)







Table D4 – Duration of Minimum Yellow Change Interval
	Approach Speed (mph)
	Minimum Yellow Change 1 (sec)

	25
	3.0 2

	30
	3.2

	35
	3.6

	40
	3.9

	45
	4.3

	50
	4.7

	55
	5.0

	60
	5.4


Note: Table based on Exhibit 6-2 from the NCHRP 812
1 Based on negligible approach grades. A 0.1 second increase should be made for every 1% of downgrade and a 0.1 second decrease should be made for every 1% of upgrade.
2 The NCHRP 812 recommends that a minimum of 3 seconds should be used.


Table D5 – Duration of Red Clearance Interval

	Approach
Speed (mph)
	Red Clearance (sec)

	
	Width of Intersection (ft)

	
	30
	50
	70
	90
	110

	25
	0.4
	0.9
	1.5
	2.0
	2.5

	30
	0.1
	0.6
	1.0
	1.5
	2.0

	35
	0.0
	0.4
	0.8
	1.1
	1.5

	40
	0.0
	0.2
	0.5
	0.9
	1.2

	45
	0.0
	0.1
	0.4
	0.7
	1.0

	50
	0.0
	0.0
	0.2
	0.5
	0.8

	55
	0.0
	0.0
	0.1
	0.4
	0.6

	60
	0.0
	0.0
	0.0
	0.2
	0.5



Note: Table based on Exhibit 6-3 from the NCHRP 812

















Exhibit D8 – Yellow Trap Illustration
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Note: This illustration is Figure 4-13 from the FHWA Signalized Intersection Guide.

Exhibit D9 – Synchro Timing Settings Example
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[image: ]
Note: This example includes some customized timing settings based on field data that do not match all default settings provided in the tables.


[bookmark: _bookmark8]D.8 Phasing Settings Parameters
The Phasing Settings table displays a grid where the user can enter information relat ing to the phasing characteristics of a signalized intersection. Table D6 displays key Phasing Setting attributes that can be adjusted by the user and do not overlap with the Timing Settings table. Table D6 also provides suggested default values for these attributes if no field data is available. Exhibit D10 displays an example Phasing Settings table as displayed in Synchro.









Table D6 – Synchro Phasing Settings: Typical User-Adjusted Attributes (When Field Data is Not Available)
	Phasing Setting
Parameter
	Basis 1
	Potential Data Sources
	Suggested / Typical Value(s)

	Maximum Split (sec) 2
	MG
	Signal Plan
	User-defined values

	Optimize Phase Weights - Delays
	MG
	Signal Plan, Synchro default values
	Synchro-default value: 1 sec

	Vehicle Extension (sec)
	MG
	Signal Plan, Synchro default values
	Synchro-default value: 3 sec

	Minimum Gap (sec)
	MG
	Signal Plan, Synchro default values
	Synchro-default value: 3 sec

	Time Before Reduce (sec)
	MG
	Signal Plan, Synchro default values
	Synchro-default value: 0 sec

	Time To Reduce (sec)
	MG
	Signal Plan, Synchro default values
	Synchro-default value: 0 sec

	
Pedestrian Phase
	
MG
	
Signal Plan
	Select checkbox if there is a pedestrian
movement for a phase. (Synchro defaults to this being on. This parameter will impact the
optimization process (min splits)).

	Walk Time (sec) 2
	
MG
	
Signal Plan
	Actuated Signal: 7 sec
Pre-Timed Signal: Green interval minus “Flash Don’t Walk”

	Flash Don’t Walk (sec) 2
	MG
	Signal Plan
	Based on 3.5 ft/s walking speed

	Pedestrian Calls (# / hr)
	MG
	Field data, signal plan
	If data is available, enter the number of pedestrian push button calls for a phase.

	
Dual Entry
	
MG
	
Signal Plan, Synchro default values
	Synchro-default value: Use the
automatically checked boxes that will appear for phases 2, 4, 6, and 8.

	Fixed Force Off
	MG
	Signal Plan, Synchro default values
	Synchro-default value: Select “Fixed Force
Off” checkbox.


Note: Setting attributes displayed are user-adjustable attributes only
1 M = Movement: One value for each left-turn, through, and right-turn movement; A = Approach: One value or condition for the intersection approach;
MG = Movement Group: One value for each turn movement with exclusive left- or right-turn lanes and one value for
the through movement (inclusive of any turn movements in a shared lane)
2 Source: HCM 6 suggested default values
















Exhibit D10 – Synchro Phase Settings Example
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Note: This example includes some customized timing settings based on field data that do not match all default settings provided in the tables.


[bookmark: _bookmark9]D.9    Detector Settings Parameters
Synchro provides a Detector Settings grid where you can enter detector information. Many of these attributes are auto-populated by Synchro and/or overlap with the Timing Settings window. Signal plan sheets can be used to user-adjust detector loop values to match actual field conditions. If completing a capacity analysis, then Synchro-populated default values will suffice. Refer to Exhibit D11 for an example.





















Exhibit D11 – Synchro Detector Settings Example
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[bookmark: _bookmark10]
D.10 Simulation Settings Parameters
The Simulation Settings table displays a grid where the user can enter SimTraffic simulation specific information while in Synchro. The user can also use Simulation Settings to make the network more closely resemble actual field conditions and/or make it look more aesthetically appealing. Table D7 displays key Simulation Setting attributes that can be adjusted by the user and suggested default values for these attributes if no field data is available. All simulation table - specific settings are used for SimTraffic and do not influence Synchro MOE calculations. Exhibit D12, Exhibit D13, and Exhibit D14 are all referenced in Table D7 and display illustrations to explain lane alignment, median width, and link offset, respectively. Exhibit D15 displays an example Simulation Settings table as displayed in Synchro.
Table D7 – Synchro Simulation Settings: Typical User-Adjusted Attributes

	Simulation
Setting Attribute
	
Basis 1
	
Attribute Description
	
Suggested Default Value

	Taper Length (ft)
	MG
	Determines when vehicles can begin entering the storage bay.
	Synchro-default value: 25 ft
Field Data: User-defined value

	
Lane Alignment
	
M
	
Setting to determine how lanes align through an intersection. See Exhibit D12.
	Synchro-default values: “Right” for right turns, “Left” for left turns, & “Right-NA” for U-Turns Note: Ensure default settings are correct when the number of receiving lanes exceeds the
approach lanes.

	
Enter Blocked Intersection
	
M
	The “Entered Blocked Intersection” setting
controls simulation modeling gridlock avoidance (e.g., a selection of “1” or “2” will allow 1 or 2
vehicles to enter a blocked intersection.
	Intersections: “No”
Bends / Ramp Junctions: “Yes”
High Speed Approaches / Movements: “No”
Unsignalized Intersection Side Street: “1” or “2”

	
Median Width (ft)
	
A
	Attribute to set median width. Note that left-turn lanes are considered to be positioned in the median even if they are not defined as storage
lanes. This setting can be overridden. See Exhibit
D13 for examples.
	
Synchro-calculated value with option to override with field data

	
Link Offset (ft)
	
A
	Setting is used to offset the roadway alignment to the right or left of the centerline. This can be used to create a dog-leg intersection, if there are no
internal stop bars. See Exhibit D14 for examples.
	
Synchro-default value: 0 ft

	
Crosswalk Width (ft)
	
A
	Determines the width of the crosswalk (note that this will influence the distance of the stop bar from the intersection regardless of if there are
intersection crosswalks and/or a pedestrian
phase).
	
Synchro-default value: 16 ft

	Two-Way-Left- Turn-Lane (TWLTL) Median
	
A
	A visual-only display of a TWLTL median (simulated vehicles will not actually use the TWLTL median).
	
User-defined selection

	Turning Speed (mph) 2
	
M
	The turning speed of vehicles while inside the
intersection (utilized in SimTraffic only, not Synchro).
	Synchro-default left-turn value: 15 mph
Synchro-default right-turn value: 9 mph


Note: Setting attributes displayed are user-adjustable attributes only
1 M = Movement: One value for each left-turn, through, and right-turn movement; A = Approach: One value or condition for the intersection approach;
MG = Movement Group: One value for each turn movement with exclusive left- or right-turn lanes and one value for the through movement (inclusive of any turn movements in a shared lane)
2 It is recommended to use the Synchro/SimTraffic default values for this attribute. However, for intersections with large turning radii and for the modeling of intersections with freeway entrance/exit slip ramps, the turning speeds can be adjusted higher IF set to reasonable ranges. The best way to determine a reasonable range is to review field data and to review if the simulated turning movement saturated flow rates are reasonable.
Exhibit D12 – Lane Alignment Examples
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Note: This example is Figure 13-2 from the Synchro Studio 10 User Guide.

Exhibit D13 – Median Width Examples
[image: ]
Note: This example is Figure 13-4 from the Synchro Studio 10 User Guide.






Exhibit D14 – Link Offset Examples
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Note: This example is Figure 13-5 from the Synchro Studio 10 User Guide.

Exhibit D15 – Synchro Simulation Settings Example
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[bookmark: _bookmark11]D.11 Synchro Report Settings
Complete the following steps to document Synchro results through auto-generated reports created in the software. Exhibit D16 and Exhibit D17 display the “Create Report” options and header/footer dialog boxes, respectively, as displayed in Synchro.


1. Coding Error Check – Click on “Options” and then “Error Check” to identify all errors and warnings by location (i.e., node number and traffic movement) and error type. Try to address all errors and warnings if possible.
2. Open “Create Report” Dialog Box – Click on “File” and then “Create Report” to open the “Create Report” dialog box.
3. Select the appropriate report items (multiple items can be selected using the “CTRL” button)
a. If a signalized intersection, select either “HCM 6th Signalized” if using the HCM analysis method or “Intersection: Lanes, Volumes, Timings” if using the Synchro analysis method. Be sure to confirm that the selected reporting analysis method is acceptable with the appropriate MoDOT representatives.
b. If an unsignalized intersection, select “HCM 6th TWSC” or “HCM 6th ASWC” report
c. Under “Scope” (bottom of dialog box), select either a single intersection, zone, or the entire network
d. Display the following header and footer project information listed in Table D8 and Table D9, respectively. This pulls information as entered into the “Options” / “Scenario Properties” dialog box.
e. 
Table D8 – Header Settings

	%report_title%
	%alternative%

	%report_title2%
	Timing Plan: %planid%



Table D9 – Footer Settings

	%description%
	Synchro Report

	%analyst%
	Page %page%

















Exhibit D16 – Create Report Dialog Box
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Exhibit D17 – Header & Footer Settings

[image: ]



D.12 [bookmark: _bookmark12]SimTraffic Calibration
Refer to EPG 905.3.5.3.1 for the steps to utilize SimTraffic simulation and animation.


D.13 [bookmark: _bookmark13]SimTraffic Report Settings
Complete the following steps to document SimTraffic results through auto-generated reports created in the software. Exhibit D18 displays the “Select Report” options dialog box as displayed in SimTraffic.

1. Select the appropriate report items by clicking on “Reports” and then “Create Reports” (multiple items can be selected using the “CTRL” button)






2. Under the “Reports” tab, select the desired summaries as needed for the specific analysis type:
a. For a queueing and blocking report, select the “Queuing Information” checkbox
b. Select “Performance Report” to document network MOEs. Once selected, the user can select options in the “MOEs to include” list by holding CTRL and choosing multiple MOEs. For a capacity analysis, the following MOE items, at a minimum, should be selected:
i. All “Delay” options
ii. All “Network” options
iii. Under “Other,” select “Total Travel Distance,” “Total Travel Time,” and “Average Speed”
iv. Under “Section, Columns,” select ”Intersection, Movement.” To see variability by run, select an option ending with “Run Number”
3. Select the checkbox for multiple runs
4. Under “Scope” (bottom of dialog box), select either asingle intersection, zone, or the entire network
5. Under the “Header” tab, establish header and footer project information in a similar manner as Synchro.
6. Select the “Record Now” button to establish the number of desired simulation runs and to
begin recording in SimTraffic. Refer to EPG 905.3.5.3.1 for a discussion on the number of model runs to complete.





























Exhibit D18 – SimTraffic Select Report Dialog Box
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D.14 Additional Guidance
Saturated Flow Rate
The saturated flow rate is the equivalent hourly rate at which previously queued vehicles can traverse an intersection approach, assuming the green signal is available at all times and no lost times are experienced. Saturation flow rate is expressed as an expected average hourly rate in units of vehicles per hour per lane (pc/h/ln). The HCM states that the base saturation flow rate for a metropolitan area (greater than 250,000 population) is 1,900 pc/h/ln and the base saturation flow rate non-urban areas is 1,750 pc/h/ln (the Synchro default is set to be 1,900 pc/h/ln).

The base/ideal saturated flow rate is then adjusted by various factors to account for prevailing geometric and traffic conditions in the field. This adjustment will calculate the saturated flow rate, which typically results in a final rate that is lower than the base/ideal rate. Synchro will automatically calculate saturated flow rates for every traffic movement and display these auto-calculated values in the Lane Settings table and in Synchro reports. The saturated flow rate can be overridden using field data and/or for calibration purposes.

Mitigating Oversaturated Conditions
Oversaturated conditions occur when demand exceeds capacity, which is observable through the oversaturation symptoms as displayed in Table D10. Additionally, Table D11 summarizes a variety of mitigations strategies and what their primary objective is (i.e., maximize intersection throughput and/or to manage queues)

Table D10 – Symptoms of Oversaturation

	Oversaturation Symptom
	Description

	Overflow Queue
	Part of queue not served during a single cycle

	Approach Spillback
	Upstream queue physically blocks downstream vehicles

	Storage Bay Spillback
	Turning queue f ills storage bay and physically blocks through movement

	Storage Bay Blocking
	Through queue physically blocks turning movements from storage bay

	Starvation
	Traffic demand is restricted from using full downstream roadway
capacity

	Cross Intersection Blocking
	Queue extends into an intersection and blocks progression of crossing vehicles


Note: Table based on Exhibit 12-2 from the NCHRP 812







Table D11 – Oversaturation Mitigation Strategies
Operational of Sy[image: ]

Mitigation [image: ]
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Note: Setting attributes displayed are user-adjustable attributes only
M= Movement: One value for each left-turn, through, and right-turn movement;
A = Approach: One value or condition for the intersection approach;
MG = Movement Group: One value for each turn movement with exclusiveleft- or right-turn lanes and one value for
the through movement (inclusive of any turn movements in a shared lane)

2 Source: HCM 6 suggested default values

3 CBD = Central Business District (or ‘downtown”area). A CBD is characterized by high parking turnovers, narrow
short-block roadways, and high pedestrian activity.

“The storage bay length does notinclude thetaper length, which is aseparate measurement that can be specified in
the Simulation Settings table.
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ation Strategy

SplitReallocation

Reallocating splittime fromund
oversaturated phases.

aturated phases to

‘Adding splittimeto oversaturated phases withoutreducing spiit

Individual CycleLength Increase time for minor improvements, effectively increasing the cycle
Intersection(s) length.
Operation of Closely Spaced ) -
Maximize Intersection htoreaotions on One coopoerréxlt::l?l ::0 intersections using one controller, allowing close
Throughput Controller
Phase Sequence Changing the phase sequence to lead or lag left turns, increasing
Modificationfor Left Turns ! | the bandwidth for progressing platoons.
Arterial Preemption Flushing Progressing oversaturated movements by placing calls from
(“Green Flush”) downstreamintersections to upstreamintersections.
“Alternative Timing Using atiming plan to increase the cycle length and give the
Plan Flushing majority ofthe green time to the oversaturated phases
) Adding green time o a phase when a detector exceeds a defined
Green Extension
Individual threshold of occupancy. _
Intersection(s) Phase Re-Service Serving an oversaturated phase twice during the same cycle.
N Termination ofagreen interval (despite demand) when thereis
Phase Truncation
minimal to no flow over a detector.
Smultaneous Offsets ‘Sefting offset to zero between intersections, so that queues move
simultaneousl
Starting the green interval earlier at downstream intersections to
Manage Queues Negative Offsets allow the downstream queue to dissipate before upstream
Arterial Vehlcleﬁ arrive.
Offsets to Prevent Choosing offsets that allow the downstream queue to clear before
Queue Spillback the upstream vehicles reach the end ofthe downstream queue.
Offsets to Choosing offsets ﬂ}ate?n?uretheﬁrst released vehicleatthe
Prevont Starvation ;;:)s‘leam intersection joins the discharging queue as it begins to
Network Metering (Gating) Impeding traffic at approprate upstream points to prevent traffic
flow from reaching critical levels atdownstream intersections.
Maximize Intersection ‘Adaptive Control Qgplylngdetecﬁondamand adaptive signal control algorithms to
Throughput and Al justsignal timing.

Manage Queues

Combination of
Mitigation Strategies

Combining mitigation strategies and/or using them1n sequence
throughoutthe oversaturated period.
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Note: Table based on Exhibit 12-9 from the NCHRP 812
* This strategy can also be applied atthe individual intersection level, butitis primarily used for arterials
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