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This document provides Best Practices that should be followed for capacity analysis submittals to NCDOT.   5 

Standard values for capacity analysis are provided in the NCDOT Capacity Analysis Guidelines Standards 6 

document.      7 
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Best Practices for Traffic Impact Analyses Submitted to NCDOT 117 

The Driveway Manual Policy indicates that a coordination with appropriate NCDOT Transportation Improvement 118 

Program (STIP) personnel is required for proposed developments on an active STIP project (i.e., STIP project is in 119 

the planning phase, in the design phase, in the construction phase, or within 5 years after construction).  The 120 

applicant should determine if the proposed site is on an active STIP project at the scoping stage of Traffic Impact 121 

Analysis (TIA) development.  If it is determined that a development is on or near an active STIP project, the 122 

applicant should coordinate with appropriate Project Management Unit and/or Division personnel and provide a 123 

site plan overlay over the most current STIP design (public hearing map, roadway design, etc.). This is especially 124 

important in coordinating proposed access points with the current STIP design.  A STIP design year analysis may 125 

be needed if the TIA is proposing a new and/or modified driveway along the STIP project corridor.   126 

It is the applicant’s responsibility to next see if there is a STIP traffic forecast developed and if/when a forecast 127 

has been developed. It is the applicant’s responsibility to reach out to who developed or approved the forecast to 128 

determine if the subject development traffic was included in the forecast or not. If the proposed site traffic was 129 

included in the forecast, the applicant/PEF needs to document this in the scoping document and TIA.  If the 130 

proposed site traffic was not included in the forecast for a given parcel/zone, then a STIP design year analysis 131 

should be included with the TIA with the proposed additional site traffic added to the STIP design year forecast 132 

volumes.  The following chart details this process.  133 

 134 

Applicants should include the Traffic Safety Unit on TIA and TIA scoping submittals that could include safety 135 

concerns. 136 

Unadjusted daily trips (without modal splits, pass-by trips, internal capture rates) should be provided in the Trip 137 

Generation tables as required in the Policy on Street and Driveway Access to North Carolina Highways (Driveway 138 

Manual).   139 

NO
YES

Is there an active* STIP project on or near the study area of the TIA?
https://connect.ncdot.gov/projects/planning/pages/state-transportation-improvement-program.aspx

No  further action required.

NO

Upon coordination with appropriate personnel**, is a roadway 
plan or public hearing map available?

NO

No  further action required 
regarding traffic forecasts. 

Applicant must acquire the available 
roadway plan and/or public hearing 

map and overlay their site plan. YES

YES

Upon coordination with appropriate personnel**, is a traffic 
forecast available?

Step 1

Step 2

Step 3
Applicant must contact transportation 

planning division or forecast developer to 
determine if the subject development 

traffic was included in the forecast.

YESNO

Applicant shall identify in the scope that STIP 
design year analysis is required with the 

addition of the appropriate amount of site 
traffic added to the STIP design year forecast.

Was subject development traffic included in 
forecast?

Step 4
Applicant shall provide appropriate 

documentation that subject development 
traffic was included in the traffic forecast in 

the scope and TIA. 

*An active STIP is defined as a STIP within the stages 
from preliminary engineering to 5 years after 

construction. 

**Appropriate personnel include, but are not limited to: 
Project Management Unit, Roadway Design, Division, etc.

TIA/STIP Project Coordination Flow Chart
Note: Documentation of all steps is required in the applicant’s TIA and TIA scoping information.

NCDOT Congestion Management Section - Revised November 2024

No  further action required regarding 
roadway plans or public hearing maps. 
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If local data is intended to be used for trip generation, proper justifications should be provided in the scoping 140 

document and in the TIA.  Local trip generation studies should follow ITE Trip Generation Procedures. 141 

For retail developments, trip generation for individual outparcels should be calculated separately from the 142 

remainder of the development. Similarly, trip generation for the same land use across different buildings should 143 

be calculated separately unless the same parking area is intended to be used, and public streets are not crossed. 144 

When zoning is nonspecific, the highest peak hour generating land use should be used. One example for this would 145 

be Land Use Code (LUC) 945 – Convenience Store/Gas Station. This 945 LUC allows for the independent variable 146 

to either be Vehicle Fueling Position or GFA. Both options need to be checked and the highest peak hour 147 

generating one should be used.   148 

For multi-use developments, pass-by percentages should be applied to the retail and services component only. 149 

Total pass-by trips (sum of entering and exiting) should not exceed 10% of the volume on the adjacent street. 150 

The applicant should provide origin/destination distribution points in the trip distribution diagram. In addition to 151 

the origin/destination points, please provide the trip distribution movements for entering and exiting site trips 152 

during the AM and PM peak hours and any other study period being analyzed. The TIA should include trip 153 

distribution figure, site trip figures for primary trips and for pass-by trips.  154 

Intersections in the proposed study area should be included if site trips are expected to add 10 percent or more 155 

to the expected background volumes for any approach/movement or at the discretion of NCDOT or local 156 

authorities.  157 

Approved or planned (not yet approved) development traffic in this area should be included in background traffic 158 

based on coordination with district and local authorities. The background traffic should also include potential 159 

growth in the study area, which can be determined using a growth factor that is calculated based on the long term 160 

AADT data trends, traffic forecast data. Both the growth factor and the background approved development should 161 

be discussed in the scoping document, prior to TIA submittal. For developments that are planned to be built out 162 

over multiple phases, it should be noted that the site trips generated from a previous phase should NOT be added 163 

to the background traffic volumes of the subsequent phases. The build out volumes for every phase should include 164 

the site trips generated by what is planned to be constructed during this phase as well as the site trips of 165 

everything that was constructed in the frame of this project in all previous phases.  166 

The provided site plan/map in the scope and in the TIA shall include an appropriate scale and shall clearly show 167 

the location and type of each access point, internal street network, proposed buildings/parcels with their 168 

anticipated uses and sizes at full build-out and, if applicable, any nearby interstate, US, NC, or Secondary Roads 169 

(SR) in conformance with requirements in the Driveway Manual. 170 

A comparison table across analysis scenarios should be provided in the TIA to identify roadway network 171 

improvements based on level of service, delay and queuing requirements detailed in the Policy on Street and 172 

Driveway Access to North Carolina Highways. Comparison tables should include both the 95th percentile queue 173 

from Synchro analysis and the maximum observed queue from Simtraffic simulation. Please note that a Signal 174 

Timing modification is not considered a mitigation.  175 

Capacity Analysis Guidelines should be followed consistently between Future no build Synchro files and future 176 

build Synchro files for a fair comparison between both files.  An example among others, the cycle length in the 177 

future no build should not be unnecessarily higher than the cycle length in future build as this will not allow for 178 

an accurate comparison of both files.  179 
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If the Developer wishes the TIA information to remain confidential, they need to clearly mark the document 180 

CONFIDENTIAL. It will remain confidential until a formal Driveway Permit has been requested or upon which time 181 

the Department knows that a public announcement has been made about the development. 182 

It is the PEF responsibility to identify control-of-access breaks that occur in the area that is being studied for the 183 

TIA. These identified control-of-access breaks need to be clearly marked on the TIA recommendation diagram.  184 

185 
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Best Practices for all Capacity Analyses Submitted to NCDOT 186 

GENERAL PROJECT INFORMATION 187 

This information applies to State Transportation Improvement Projects (STIP) and TIA studies. 188 

Project Coordination 189 

For TIA’s, complete the NCDOT TIA Checklist which is referenced on the Congestion Management Website.  190 

The NCDOT TIA Checklist is a group of three sets of standard forms designed to facilitate the TIA need 191 

determination, project scoping, and TIA submittals. The objective is to improve TIA consistency and streamline 192 

the review and approval process statewide. 193 

When schools are in the vicinity of a STIP project or new development; coordination with the Municipal and School 194 

Transportation Assistance Section (MSTA) is required.  195 

All intersections within the study area should be evaluated unless otherwise justified.  For STIP projects, analyze 196 

all roadways with an anticipated design year Annual Average Daily Traffic (AADT) of over 1,000 vehicles per day. 197 

For STIP projects, the traffic analysis scope should be discussed with the NCDOT project manager along with the 198 

Congestion Management Section, and if applicable, the Transportation Planning Division. 199 

Strategic Transportation Corridors and Comprehensive Transportation Plans (CTP) 200 

NCDOT places highest priority in the planning and long-term improvement of safe, highly reliable, and efficient 201 

multimodal Strategic Transportation Corridors (STC). The STC identify a network of critical multimodal 202 

transportation corridors considered the backbone of the state’s transportation system. These 25 corridors move 203 

most of our freight and people, link critical centers of economic activity to international airports and seaports, and 204 

support interstate commerce. They must operate well to help North Carolina attract new businesses, grow jobs 205 

and catalyze economic development. A Comprehensive Transportation Plan (CTP) is a long-range multimodal plan 206 

that identifies transportation improvement need and proposes solutions for the next 50 years.  CTP facilities are 207 

broken down into the following facility types: freeway, expressway, boulevard, major thoroughfare, minor 208 

thoroughfare. Metropolitan Transportation plan (MTP) identifies how the multi-modal transportation system will 209 

be managed and operated to meet the region’s economical, sustainability goals for the upcoming 20 years while 210 

remaining fiscally constrained. 211 

All projects must conform to the vision of the STC and CTP to protect the safety, mobility and traffic carrying 212 

capacity of these corridors. In addition, if a project is in an urban area, it must conform to the vision of the MTP. 213 

The project must support the proposed facility type and allowed access types recommended in the CTP/MTP.  214 

Median and Control-of-Access Breaks 215 

Changes in Control-of-Access (C/A) will require approval from the NCDOT Right-of-Way Disposal and Control-of-216 

Access Committee. New or modified median crossovers must be approved by the State Traffic Engineer or 217 

designee for existing roadways, the Roadway Design Project Engineer for active STIP projects, and the State 218 

Highway Design Engineer for exceptions to the Median Crossover Guidelines on active STIP projects. These 219 

requests must be initiated by the District Engineer. 220 

For driveway requests that require a change in C/A, a new median crossover, or both, the benefit to the travelling 221 

public should be demonstrated. To provide a basis for comparison, analysis should demonstrate the benefit along 222 

the following hierarchy: no access, right-in/right-out, directional crossover, unconventional intersection designs, 223 

and full access. 224 

https://connect.ncdot.gov/resources/safety/Congestion%20Mngmt%20and%20Signing/Congestion%20Management/NCDOT%20TIA%20Checklist%207-21-2017.docx
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Interchanges 225 

New and modified interchanges along interstate routes may require an Interchange Access Report (IAR) that 226 

requires approval by Federal Highway Administration (FHWA). Control-of-access is recommended for at least 227 

1,000 feet beyond the nearest ramp terminal. If this is not feasible, full C/A will extend for a minimum of 350 feet 228 

and a raised island will be installed to a point a minimum of 1,000 feet beyond the ramp terminals. 229 

Best Practices for Synchro/SimTraffic 230 

The remainder of this document provides Best Practices to ensure that consistent traffic analysis is done by/for 231 

the North Carolina Department of Transportation (NCDOT) Congestion Management Section using 232 

Synchro/SimTraffic software. Traffic analysis requires an understanding of traffic engineering principles and the 233 

ability to make sound engineering judgments.   234 

Strict adherence to the Guidelines is not an explanation as to why something was, or was not, done during the 235 

development of an analysis.  By reviewing reports, plans, and submittals, the NCDOT in no way relieves the analyst 236 

of possible claims or additional work resulting from errors or omissions. 237 

These Guidelines are limited to capacity analysis studies only. Detailed operational studies, such as field signal 238 

timing, may have different requirements. These Guidelines may be utilized for projects that are not being 239 

prepared for the NCDOT Congestion Management Section, such as projects at the Division level, at the discretion 240 

of the responsible NCDOT Business Unit. For Non-Congestion Management Section projects, substitution of the 241 

responsible NCDOT Business Unit throughout these Guidelines where NCDOT Congestion Management Section 242 

approval is required is acceptable. 243 

SYNCHRO/SIMTRAFFIC SOFTWARE 244 

Synchro is a macroscopic (deterministic) analysis and optimization software application that supports the latest 245 

Highway Capacity Manual’s (HCM) and previous versions for signalized intersections, unsignalized intersections 246 

and single lane roundabouts.  SimTraffic is an accompanying software application that performs micro-simulation 247 

and animation of vehicular and pedestrian-related traffic. Synchro does not provide performance data for 248 

freeways, multilane highways, or two-lane rural roads; therefore, alternative analysis methodologies should be 249 

used for these road classes.  NCDOT utilizes Synchro and SimTraffic to evaluate the performance of urban streets, 250 

signalized intersections and unsignalized intersections (two-way stop, all-way stop and single lane roundabouts). 251 

Therefore, these guidelines only apply to the aforementioned types of analyses.   252 

GENERAL SYNCHRO INFORMATION/PROJECT SETUP 253 

NCDOT is currently utilizing Synchro 11 and recommend that Synchro files submitted in the frame of any capacity 254 

analysis to be compatible with Synchro 11. Please note that the guidelines discussed in this document apply for 255 

Synchro 11. For additional details on Synchro 11 usage, please refer to the Synchro Studio 11 User Guide.   256 

File Naming Conventions 257 

This section includes file naming conventions for Synchro projects.  Each scenario should be stored in its own 258 

separate set of folders and the files should follow the following standard naming conventions: 259 

 {STIP or Project No.}_{Analysis Year}_{Scenario}_{Alternative (if applicable)} 260 

 With: 261 

  STIP or Project No.:  STIP, Special Project (SP) or SPOT ID 262 

Analysis Year: Analysis Year for Model  263 

https://support.gridsmart.com/support/solutions/articles/69000541835-synchro-studio-11-user-guide
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Scenario: No-Build, Build or some other special scenario 264 

Alternative: Alternative name/number or additional information to distinguish between differing 265 

options or scenarios 266 

 For Example:  U-0000_20XX_No-Build 267 

   R-0000_20XX_No-Build 268 

   I-0000_20XX_Build_Alternative 1 269 

Background Images for Model Development  270 

The development of models is typically done utilizing aerial imagery for existing conditions models and GIS 271 

shapefiles for proposed designs.  The following file formats can be attached in Synchro: DXF, GIS, Bitmap, JPEG 272 

and Shapefile (*.dxf, *.bmp, *.jpg, *.jpeg and *.shp).   There are several sources and methods for utilizing aerial 273 

imagery in Synchro as detailed in the Synchro User Guide.  274 

Previously Developed Models 275 

Check with the appropriate NCDOT Congestion Management Section staff member to determine if existing models 276 

are available for the project study area.  If an existing model is available, the previous model may be used as a 277 

starting point or merged into a single model with the same file name as the new model. Please refer to the Synchro 278 

User Guide for more information on procedures that can be followed to merge files in Synchro.   279 

Fiscal Constraint for Future Year Models 280 

When developing future year models, review the pertinent plans listed below to determine if any additional 281 

reasonably foreseeable projects, beyond the subject project being modeled, are located within the model study 282 

area.  Any project that is reasonably foreseeable should be included in the future year model(s).  Use the following 283 

criteria to determine if a project is reasonably foreseeable: 284 

• For model study areas located within the boundaries of a Metropolitan Planning Organization (MPO), 285 

review the currently adopted Comprehensive Transportation Plan (CTP) or Metropolitan Transportation 286 

Plan (MTP) to determine if any projects within the model study area are included on the fiscally 287 

constrained list of projects. This link could be utilized as a starting point: 288 

https://connect.ncdot.gov/projects/planning/Pages/Comprehensive-Transportation-Plans.aspx  289 

• For a non-MPO area, determine if any project located within the model study area that has construction 290 

funding in the current STIP.  This link could be utilized as a starting point: 291 

https://ncdot.maps.arcgis.com/home/webmap/viewer.html?webmap=cb02f4f828974670ad01bb83be9292 

1b18c  293 

Node Numbering 294 

Node numbering should be done in a consistent manner across all projects.  The main corridor should be 295 

numbered starting in either the southern or western part of the corridor depending on the orientation of the 296 

project and increase in reasonable increments (1, 2, 3, 4… or 10, 20, 30, 40…).  For projects where there is more 297 

than one major corridor, each corridor should be numbered in a similar manner with each corridor progressing 298 

with the next set of logical numbers. 299 

Node numbers can be changed by double clicking on a node, which opens the Node Settings panel on the left side 300 

of the screen.  In the Node Settings panel, select the top row (Node #) and type in the desired number.  Synchro 301 

prevents duplicate node numbers, and the analyst will be prompted to overwrite the existing node number if 302 

duplicated.     303 

https://connect.ncdot.gov/projects/planning/Pages/Comprehensive-Transportation-Plans.aspx
https://ncdot.maps.arcgis.com/home/webmap/viewer.html?webmap=cb02f4f828974670ad01bb83be91b18c
https://ncdot.maps.arcgis.com/home/webmap/viewer.html?webmap=cb02f4f828974670ad01bb83be91b18c
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Zones 304 

Synchro allows for the creation of zones where intersections can be grouped together (assigned in the Timing 305 

Settings tab).  Zones are helpful when there is a need to analyze a specific corridor of the network.  The analyst 306 

can create zones to have different cycle lengths for a section of a network or to change the timings of a specific 307 

corridor while keeping the remaining parts of the network constant.  Zones can be beneficial for the following 308 

features: 309 

• Optimization of network cycle lengths 310 

• Optimization of network Offsets 311 

• Output Reports  312 

Cardinal Directions 313 

Intersection approaches should only be coded by cardinal directions (north, south, east, and west) as other 314 

approach directions (northeast, southeast, northwest, and southwest) may prevent Synchro from discerning turn 315 

movements from through movements resulting in inaccurate capacity and queuing results.   316 

To adjust directions, right click over the direction wanting to be changed and a drop-down list will appear, then 317 

select the correct cardinal direction for that approach.  Note that each leg may have to be manually adjusted to 318 

get all cardinal directions correct.  The directions can be revised in any of the setting windows.  319 

 320 

Cardinal directions may not be feasible for atypical intersections and alternative intersection designs such as 321 

diverging diamond interchanges and continuous flow Intersections.  In the case of atypical intersections and 322 

alternative designs, the project analyst should use best judgment when coding approach directions. 323 

Scenario Manager   324 

The Scenario Manager allows the user to track scenarios and enter project information which is shown on output 325 

reports.  The Scenario Name should provide the STIP/Project Number and analysis period (year and time of day).  326 

The Alternative should be a description of the scenario being analyzed and the Analyst should provide the name 327 

of the firm performing the work.  If helpful to the analyst, the Time and Timing Plan ID information may also be 328 

included. 329 

It is important to update this information for each Synchro file to avoid confusion when output is provided. The 330 

Scenario Manager can be found in the vertical left banner of Synchro.   331 

 332 
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 333 

VOLUME DEVELOPMENT AND INPUT 334 

Volume Development 335 

The development of traffic volumes is one of the most important elements of an analysis project. Typically, 336 

volumes for TIA’s will be developed from existing traffic counts and volumes for STIP projects will be developed 337 

from an approved traffic forecast. The following sections include Best Practices for developing project level traffic 338 

volumes.   339 

Existing Traffic Counts 340 

Take traffic turning movement counts at each existing intersection in the project area, which should reflect normal 341 

daily and/or peak hour traffic conditions for each individual intersection in the network. Each individual 342 

intersection in a network may exhibit different peak hours within a counted peak period (e.g., 5:00-6:00 PM and 343 

5:15-6:15 PM within the 5:00-7:00 PM peak period) throughout the network. When submitting a traffic analysis 344 

document for review, the traffic counts used for capacity analysis purposes should have been taken no more than 345 

one year prior to the submittal date of the document.  When using traffic count data to predict future year 346 

volumes an appropriate growth rate should be applied.  Growth rates should be consistent with historical growth 347 

rates in the study area.  Heavy vehicles and pedestrians should be included in all traffic counts and may be used 348 

in the traffic analysis. 349 

Normally, counts should be taken during the following weekdays: Tuesday, Wednesday, or Thursday.  In areas 350 

with high seasonal traffic variations, counts should be taken during peak seasonal conditions or appropriate 351 

seasonal factors should be applied to the traffic count volumes. Counts should not be taken on holidays, when 352 

school is not in session, or when a significant weather event or traffic incident occurs. 353 

Zoomed-in 
photo
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For developments near schools or for school developments, refer to MSTA guidelines to determine the existing 354 

traffic counts collection procedure.   355 

StreetLight data cannot be used for count data. StreetLight data may be used in a similar nature as travel demand 356 

models, forecast data, AADT maps, etc. to assist with volume balancing or in certain circumstances to help 357 

estimate existing traffic volumes when traffic counts are not feasible due to temporary changes in traffic patterns 358 

(e.g, construction detours, significant weather impacts, schools being out of session). Usage of StreetLight data 359 

requires prior approval from Congestion Management Section, District and/or Local authorities.  360 

Traffic Breakouts 361 

Traffic forecasts for STIP projects should be completed or approved by the NCDOT Transportation Planning 362 

Division (TPD) before performing traffic analysis work.  To perform the traffic volume breakouts, traffic forecasts 363 

should provide the following information: 364 

• Annual average daily traffic volume (AADT) 365 

• Percent of trucks (duals, TTST) on a facility 366 

• Directional split (D) 367 

• Percent of traffic during the peak hours K (DHV) 368 

• The direction of D during the AM and PM peak hours 369 

The Intersection Analysis Utility (IAU), originally developed by TPD, should be used to convert forecasted AADT to 370 

Peak Hour Volumes.  IAU’s are available to break out traffic forecast volumes displayed with both one-way and 371 

two-way arrows and included in the NCDOT Traffic Engineering Suite which is available at the Congestion 372 

Management Website.  373 

If this spreadsheet is not used, justification should be provided for any alternate method chosen.   374 

Interpolations 375 

An interpolation spreadsheet is included in the NCDOT Traffic Engineering Suite for direct interpolation of Traffic 376 

Forecast Scenarios. The interpolation spreadsheet entitled “spreadsheet to assist in the interpolation of traffic 377 

volumes” can be found on the Congestion Management Website and can be utilized to interpolate between hourly 378 

volumes of different years. . This interpolation is based on a straight-line calculation method and used for hourly 379 

volumes. Please refer to the forecast document for information on how to properly determine intermediate year 380 

volumes. 381 

When determining intermediate traffic year volumes, the appropriate traffic breakout spreadsheet should be 382 

applied to the Base and Future Year AADT forecasts first, and then the interpolation spreadsheet should be used. 383 

Traffic Adjustments 384 

The analyst should provide documentation and methodology for all traffic adjustments and rerouting.  The NCDOT 385 

Traffic Engineering Suite spreadsheet is available to assist in converting a "standard" intersection traffic volume 386 

layout to layouts for unconventional intersection designs. (Examples include Reduced Conflict Intersections, 387 

quadrant designs, etc.)   388 

Volume Balancing 389 

Typically, a network should not need to be balanced if only minor differences exist from traffic forecast breakouts 390 

or traffic counts. In real word conditions there are typically minor intersections or driveways between 391 

intersections, which would create an imbalance.  If large differences exist between intersections, it may be 392 

necessary to balance the network or add source/sink nodes to account for these imbalances.  If a network is 393 

balanced, documentation regarding the balancing methodology should be provided. 394 

https://connect.ncdot.gov/municipalities/School/pages/default.aspx
https://connect.ncdot.gov/resources/safety/Congestion%20Mngmt%20and%20Signing/NCDOT%20Traffic%20Engineering%20Suite.xlsx
https://connect.ncdot.gov/resources/safety/Congestion%20Mngmt%20and%20Signing/NCDOT%20Traffic%20Engineering%20Suite.xlsx
https://connect.ncdot.gov/resources/safety/Congestion%20Mngmt%20and%20Signing/Congestion%20Management/Spreadsheet%20to%20assist%20in%20the%20interpolation%20of%20traffic%20volumes.zip
https://connect.ncdot.gov/resources/safety/Congestion%20Mngmt%20and%20Signing/Congestion%20Management/Spreadsheet%20to%20assist%20in%20the%20interpolation%20of%20traffic%20volumes.zip
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Volume Settings and Inputs 395 

Volume Settings 396 

The volume settings tab is used to enter/edit traffic volumes and related information.  Each scenario models 397 

hourly volumes for one design hour/peak period (ex. 7:00 – 8:00 AM or 5:00 – 6:00 PM).  Note the absence of 398 

traffic volumes on some movements that are allowed at one or more intersections may cause Synchro to 399 

incorrectly calculate one or more movements as being prohibited. It is recommended to code zero, one, two, or 400 

three volume movements to four vehicles (minimum) per hour for allowable movements.  401 

Heavy Vehicles 402 

The modeling of heavy vehicles (duals and TTST’s) can have substantial effects on the operations of the model. 403 

Therefore, heavy vehicle percentages should be included under the volume settings tab in Synchro.  If the 404 

percentage of duals and TTST’s are available from a traffic forecast, their average value should be used.  For 405 

example, if an intersection leg has 3% duals and 4% TTST’s, the percentage entered into Synchro would be, (3+4)/2 406 

= 3.5, rounded up to 4 percent.  407 

If a forecast is not available and traffic counts are, the percentage of trucks from the counts should be used.   408 

A minimum of 2% should be used for the percentage of heavy vehicles.   409 

Peak Hour Factor 410 

The peak hour factor accounts for the fluctuation in traffic arrivals during the peak hour and is used to convert the 411 

hourly traffic volume into the flow rate that represents the peak fifteen minutes.  The analyst should use a peak 412 

hour factor of 0.90 unless the analysis requires a specific peak hour factor that was agreed on after a coordination 413 

with MSTA/Congestion Management. If traffic counts are available, the resulting PHF should only be used for 414 

existing conditions and any future analyses should use a PHF of 0.90.  In the event PHF adjustments are allowed, 415 

the adjustments should be consistent across all future analysis scenarios and consistent across all intersection 416 

movements per intersection.   417 

If a school is in the vicinity of the project, coordination with the MSTA group is necessary to determine the 418 

appropriate peak hour factor that needs to be used.    419 

Pedestrians and Bicycles 420 

The modeling of pedestrians and bicycles at intersections can influence the operation of the model and may be 421 

included in the analysis on a project-by-project basis. Typically, this data is not included in the model unless there 422 

is a specific reason, such as in a downtown area or other area with higher pedestrian and bicycle conflicts.   423 

If it is determined that pedestrians will be included in the model, they should be added to the network under the 424 

“volume settings” tab as conflicting pedestrians (#/hr).  This value is the number of pedestrians conflicting with 425 

the right-turns and permitted left-turns (separate entries).  Additionally, for a signalized intersection, the number 426 

of pedestrian calls per phase should be included under “phasing settings” tab. The number of pedestrian calls 427 

represents the number of pedestrians activating the phase, which is typically the same number as the conflicting 428 

pedestrians’ number.   429 

If it is determined that bicycles will be included in the model, they should be added to the network under the 430 

“volume settings” tab as conflicting bicycles (#/hr).  This value is the number of bicycles that conflict with right-431 

turns.  Conflicts with permitted left-turns can be ignored since Synchro assumes bicycles clear during the queue 432 

clearance time for vehicles.  433 
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Link OD’s (Origins/Destinations) 434 

Synchro does not provide for complete network OD’s; however, it does allow the analyst to adjust OD’s between 435 

adjacent intersections.  This can be helpful to prevent vehicles from making circulatory route choices, such as at 436 

interchanges or closely spaced intersections.  These circulatory routes may not affect Synchro outputs; however, 437 

they may influence the simulation in SimTraffic.  438 

 439 

The Link OD Volumes allows the analyst to adjust the OD’s between the intersections to prevent these circulatory 440 

movements.  The analyst should review the entire network for these movements and adjust the Link OD 441 

accordingly.  Refer to the Synchro User Guide for a detailed explanation of this procedure.    442 

 443 

NETWORK CODING 444 

Link Speed 445 

For arterials, collectors and local roadways, the link speed should be selected based on the posted speed limit of 446 

the facility. For roadways that do not have a posted speed limit, an appropriate speed limit should be selected 447 

and documented in the model documentation. Ensure that the speed limit is uniform across a link length (unless 448 

posted speed limit indicates differently). In addition, ensure that the speed limit of each link is uniform between 449 

various scenarios for an accurate comparison between different Synchro files (unless justification is provided). 450 

Example 

Circuitous 

Route 
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For freeway ramps, the default speed limit should be 45 mph.   451 

For freeway loops the default speed limit should be 25 mph.  452 

If detailed design information is available, then deviation from the default speed is acceptable, if properly 453 

documented in the model documentation.   454 

Link Names 455 

All roadways’ links should be named for the reviewer to identify which roadways are being analyzed.  Link names 456 

(i.e., Steet Name) are input in the Lane Settings tab at each intersection node so they can be included on the 457 

headings of the output reports. 458 

Link Lengths 459 

It is preferred that all links be a minimum of 100’ to avoid simulation issues in SimTraffic.  Additionally, all boundary 460 

nodes should extend a reasonable distance beyond the last intersection node (typically 1,000’) to ensure adequate 461 

queuing can be calculated in SimTraffic. 462 

Bend Nodes 463 

Bend nodes connect two links traversing the same directions and are typically used to create lane additions/drops 464 

or to assist the analyst in visually matching the network to aerial photography.  Volume data is not a required 465 

input for a bend node; however, laneage data is required input.  The analyst should minimize the use of bend 466 

nodes which increase the time for SimTraffic calculations and excessive bends and short links cause SimTraffic to 467 

model vehicles at slower speeds and can result in reduced capacities.  468 

 469 

Lane Width 470 

Use the default width of 12 feet for all lanes being coded.  On a project-by-project basis, it may be determined 471 

that the additional effort associated with coding lane widths is critical to adequately evaluate the operations and 472 

requires approval from the NCDOT Congestion Management Section.  If it is determined that lane widths will be 473 

modeled, the lane widths (rounded to the nearest foot) will be coded for all roadways within the model according 474 

to their actual width.   475 

Grades 476 

The grade of a roadway has an impact on a vehicle’s ability to accelerate and decelerate and is accounted for in 477 

the model.  The effect of grades needs to be balanced against the level of effort required to obtain and add them 478 

to the model.  Two potential options are available and should be determined on a project-by-project basis: 479 
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• Option 1: No Modeling of Grades – Due to minimal variations in topography or the level of analysis being 480 

completed; it is not critical to model the effect of grades on the operations.  Therefore, develop the model 481 

with an elevation and grade of zero for all links. 482 

• Option 2: Modeling of Grades – Develop the model to include the approximate grade, taken from an 483 

appropriate data source (e.g., signal plan), for each link within the model.   484 

It is also possible that the level of detail for coding grades and elevations in the model may vary between the 485 

existing model data and the proposed design depending on the level of design. Determine the need for coding 486 

grades into models on a case-by-case basis during the scoping process. 487 

Saturation Flow Rate 488 

The saturation flow rate is the maximum flow through a signalized intersection if the signal were to stay green for 489 

an entire hour and the flow of traffic through the intersection were as dense as possible.  The default value in 490 

Synchro is 1,900 veh/hr/ln and is typically not modified.  Any variation to the default value should be done in 491 

accordance with the HCM and should be justified in the documentation.   492 

Lane Utilization Factor 493 

The lane utilization factor determines how the traffic volumes assigned to a lane group are distributed across each 494 

lane.  Synchro automatically selects this factor based on the type of lanes input.  This field can be overridden and 495 

may be justified in certain situations.  One example would be dual turn lanes where one lane is used much more 496 

than the other.  If this situation occurs, the lane utilization factor may be adjusted accordingly and should be done 497 

in accordance with the HCM and should be justified in the documentation. NCDOT Research Project HWY-2003-498 

07 entitled “False Capacity for Lane Drops” presents various lane utilization factor models that can be utilized to 499 

predict lane utilization factor for lane drop at different intersection types. These models can be found in Table 18 500 

of this study.  The computational tool developed in NCHRP 3-98 can be utilized to determine the upstream and 501 

downstream auxiliary through lane length at a signalized intersection. This computational tool was developed 502 

based on NCHRP 707 that introduced the guidelines for safe and effective implementation of auxiliary through 503 

lanes at signalized intersections.  504 

Intersection Geometric Coding 505 

The coding of intersections in a consistent manner is a goal that will allow for the most reliable comparison of 506 

alternatives and allow for the re-use of model networks.  The following sections include Best Practices that should 507 

be adhered to as much as possible when developing intersections within the model.   508 

Channelized Movements 509 

Model channelized right turn lanes as part of the same link as the through traffic and included in the main 510 

intersection node. Right turn movements may be coded with an overlap phase when appropriate. The latest 511 

Highway Capacity Manual adopted for use by NCDOT does not include any means of determining delay or Level 512 

of Service for yield movements; therefore, include yield-controlled right turn movements in the signal operations 513 

as a permitted phase.  For yield-controlled movements, Right Turn on Red (RTOR) may be used for the right turns 514 

to emulate the yield-controlled conditions.   515 

https://connect.ncdot.gov/projects/research/RNAProjDocs/2003-07FinalReport.pdf
https://connect.ncdot.gov/projects/research/RNAProjDocs/2003-07FinalReport.pdf
https://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectID=2492
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 516 

Right turn channelization options are available under the Lane Settings tab including control type, curb radius and 517 

lane additions. These functions are used to visually match existing field conditions and control simulation 518 

operations only.  519 

 520 

For channelized free flow movements, the right turn can be removed from signal operations and set at free when 521 

a dedicated lane addition is included downstream.   522 

May be 

checked 
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Offset Left Turn Lanes 523 

The modeling of offset left turns (those with the left turn separated from the adjacent through lanes to improve 524 

sight distance at the intersection) should be modeled as part of the same link as the adjacent through lanes.  This 525 

methodology will likely not visually match field conditions; however, operations will be the same.  526 

Coding of Turn Lanes 527 

When coding turn lanes, the available storage is often a critical component of the analysis and should be modeled 528 

at a level that allows for the accurate analysis of the operations.  The storage length of a turn lane should not 529 

include the taper length and should be measured from the stop bar to the beginning of the taper.   530 

Synchro only allows one length to be entered for the storage length, which is usually an issue for dual turn lanes 531 

because they are often not the same length.  In this situation, the average of the two turn lane lengths should be 532 

used.   533 

It is important to note that if a turn lane does not include a storage length, it is assumed to be a full lane which 534 

will extend the length of the link.  The storage length does not affect Synchro output results; however, it will have 535 

considerable effect on any simulation results. 536 

Modeling Wide Medians and Two-Stage Crossing 537 

The modeling of wide medians and two-stage crossings at unsignalized intersections can have a noticeable effect 538 

on operations and require special consideration when coding the model.  If the model is coded with a two-stage 539 

crossing but the median width is not wide enough to store a truck, the truck will block through traffic until it finds 540 

a gap.  Conversely, if it is coded as a single node then vehicles must find gaps in both directions of traffic before 541 

making the turn, causing the side street delay to be much higher than expected.  Therefore, a balance is required 542 

to allow the model to produce realistic results.  543 

If a roadway has a median width greater than 50 feet, it should be modeled as a two-stage crossing with nodes 544 

being located on each side of the median and a separate link representing the median refuge area between them.  545 

If the median width is 24-50 feet in width the intersection should be coded in the same manner; however, the 546 

intersections should be coded with a minimum link length of 48 feet by moving the intersection nodes out slightly 547 

to accommodate truck storage within the median link.  For median widths less than 24 feet, it should be coded as 548 

a single intersection node and vehicles must clear both directions of traffic in a single movement to make a left 549 

turn. 550 

Roundabouts 551 

The design of a roundabout should be based on projected traffic 20 years after the completion of construction.  552 

A flow-scale analysis determining the expected failure year of the proposed roundabout based on a maximum v/c 553 

ratio (degree of saturation) of 0.85 should be provided.  A peak hour v/c ratio greater than 0.85 in the future 554 

design year does not absolutely remove a roundabout from consideration as a solution.  555 

Analysis for roundabouts has been updated in the HCM 6th Edition.  These updates have increased the capacity 556 

of roundabouts when compared to the HCM 2010.  It is acceptable for single lane roundabouts to use the HCM 557 

6th Edition for reporting roundabout MOE’s.  Include roundabouts in SimTraffic outputs as well.  For dual lane 558 

roundabouts, it is recommended that Sidra Intersection software package be utilized for roundabout operations.   559 

If a dual-lane roundabout is needed for the design year, consider construction as a single-lane roundabout 560 

designed for simple expansion to a dual-lane design.  The interaction between the proposed roundabout and 561 

adjacent intersections should be considered. Roundabouts should not be constructed where queues from 562 

adjacent intersections restrict the flow of vehicles leaving the roundabout. 563 
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For single-lane roundabout analysis, use a minimum 120 feet for the roundabout inscribed diameter, with 16-foot 564 

lanes, and an 88 foot inside diameter. For dual-lane roundabout analysis, use a minimum 150 feet for the 565 

roundabout inscribed diameter, with 15-foot lanes, and a 90 foot inside diameter. The speed of the roundabout 566 

should be restricted to a maximum of 25 mph.  For mini roundabout analysis, consult with Congestion 567 

Management staff. 568 

Signalized Intersection Coding 569 

The coding of signalized intersections in Synchro requires a basic understanding of signal design and operations.  570 

The following section includes the default values and basic coding requirements for signalized intersections.  More 571 

detailed coding of signalized intersections may be allowable on a project-by-project basis if they are warranted by 572 

the project scope or the nature of the improvement.  Discuss deviation from the default values with the NCDOT 573 

Congestion Management Section and document, if approved.  For additional guidance on the design of signalized 574 

intersections, please refer to the NCDOT Traffic Management and Signal System Unit Design Manual  575 

Code all existing signalized intersections in Synchro as shown on a verified signal plan from the NCDOT or local 576 

municipality.  If a signal plan is unavailable, obtain phasing and timings from a field visit or by contacting the 577 

maintaining authority for verification. NCDOT signal plans can be found at 578 

https://connect.ncdot.gov/site/tmsd/SignalPlans/Pages/default.aspx.   579 

Timing and Phasing Settings 580 

The coding of signalized intersections is completed by utilizing the Timing and Phasing Settings tabs.  The following 581 

sections include the process for coding signalized intersections in the model. 582 

Control Type 583 

The Control Type is a dialog box of intersection control options such as pretimed, actuated uncoordinated, semi 584 

actuated uncoordinated, actuated coordinated, unsignalized, and a roundabout.  The signal plan should inform 585 

the analyst to whether the signal is actuated or semi actuated and coordinated or uncoordinated.  For analyses, 586 

it is acceptable (and recommended) to assume that signals are actuated coordinated unless specific information 587 

is available. It is NCDOT standard practice for future analysis, to analyze signals as coordinated when they are 588 

within ½ mile from each other.  589 

Phasing Settings 590 

For any existing signals, the use of the Table of Operations and Phasing Diagram on the existing signal design plans 591 

should be utilized as a basis for determining the phasing for the signal.  In the absence of an existing signal plan, 592 

engineering judgment and/or field visit observations should be utilized to determine the most appropriate phase 593 

settings. 594 

For new or proposed signals, set the phase IDs based on the NEMA phase numbering system included in the 595 

following figure. 596 

https://connect.ncdot.gov/resources/safety/Pages/TSMO-Design-Resources.aspx
https://connect.ncdot.gov/site/tmsd/SignalPlans/Pages/default.aspx
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 597 

Turn Phasing (Turn Type) 598 

The turn type in the timing settings tab should be set to correct states by using the drop-down list to properly 599 

define turning movements as split, permitted, protected, protected + permitted (pm+pt), Dallas Protected+ 600 

Permitted (D.P+P) with a Flashing Yellow Arrow, or overlap.  601 

Combined lanes should not be analyzed with a right-turn overlap.  602 

 Default Timing Settings 603 

The default timing settings in Synchro are described along with guidance on how each parameter should be 604 

implemented beyond the default settings below. 605 

• Coordinated Phases 606 

o Default = No (Uncoordinated)  607 

o Modified to yes for any coordinated phases, typically phases 2+6 608 

• Coordination Referenced to  609 

o Default = Begin of Green 610 

• Coordination Mode  611 

o Default = Fixed 612 

• Yield Point  613 

o Default = Single 614 

• Minimum Initial  615 

o For Major Street Through Movements, based on the posted speed along the approach, with >50 616 

mph = 14 seconds, 40-45 mph = 12 seconds and ≤35 mph = 10 seconds.   617 

o For Protected Left Turns and All Side Street Movements, 7 seconds. 618 

• Yellow Time 619 
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o Default = 5 seconds 620 

• All Red Time 621 

o Default = 2 seconds 622 

• Lost Time Adjust 623 

o Default = -2 seconds 624 

• For actuated signals under recall, “none”, “min”, or “C-Max” should be specified for the main street, and 625 

“none” should be specified for minor streets or movements. 626 

• RECALL MODES 627 

o Pretimed: All Phases MAX Recall  628 

o Actuated-Uncoordinated: Phase 2+6, use MIN Recall, all other phases use NONE (no recall) 629 

o Actuated-Coordinated (to Phase 2+6): Phase 2+6, use CMAX Recall, all other phases use NONE (no 630 

recall)  631 

Pedestrian Timing Settings 632 

If it is determined during scoping that the model will include the analysis of pedestrians at intersections, then use 633 

the following settings: 634 

• Walk Time + Flash Don’t Walk (W + FDW) is defined as: 635 

o W + FDW = 7 seconds + Crossing Width (ft) / 3.5 ft/sec 636 

If it is determined that the model will not include the analysis of pedestrians at intersections, then the pedestrian 637 

phase box will be unchecked.   638 

Lagging Phases 639 

The Lagging Phase check box indicates if the phase in question is a lagging or leading phase.  This box should only 640 

be checked if the corresponding phase is a lagging phase. 641 

Flashing Yellow Arrow 642 

Flashing Yellow Arrows (FYA’s) have become preferred to protected + permitted (pm+pt) signals for left-turn 643 

traffic at signalized intersections.  FYA’s provide operational improvements and eliminate the “yellow trap” where 644 

drivers may make a left turn movement as their signal turn transitions to red assuming the opposite direction is 645 

transitioning to red at the same time.   646 

D.Pm (Dallas Permitted) left-turn type phase type can be used to model existing permitted left-turns with flashing 647 

yellow arrow in the field.  648 

Synchro does not provide a specific turn type for FYA’s; however, Dallas Protected-Permitted (D.P+P) phasing can 649 

be utilized since phasing and operations are similar.   650 

Reviews have shown only minimal differences in total delay when comparing D.P+P to the traditional pm+pt 651 

phasing in Synchro.  The primary difference in the timing settings is that the permitted phases select the opposing 652 

through phase rather than the concurrent one, which matches controller settings.  Use Dallas phasing for existing 653 

conditions where a four-section head with a FYA has been installed.  If a five-section “doghouse” signal head is 654 

used, then use the traditional pm+pt phasing.   655 

Please note that when pm+pt or D.P+P are selected, a Permitted Flashing Yellow checkbox appears in the timing 656 

settings window.  This checkbox is only used if a simulation within SimTraffic is conducted.  The Permitted Flashing 657 

Arrow checkbox does not affect the analysis results in Synchro.  658 
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Allow Lead/Lag Optimize 659 

During signal optimization, Synchro can select the most efficient order of phases.  If the allow lead/lag optimize 660 

box is checked, Synchro will optimize all combinations to choose the most efficient phase order (lead or lag).  If 661 

this tool is utilized, avoid the “yellow trap” scenario.  662 

Right Turn on Red (RTOR) 663 

Do not model Right Turn on Red (RTOR) for signalized intersections in a future year analysis, except where 664 

explicitly allowed (see below).  If RTOR are used in the future year, code the base year model to match for a more 665 

reliable comparison of the results.  RTOR can be found under the Lane Settings tab.    666 

The use of RTOR is permitted when coding channelized right turns with yield-controlled movements that can be 667 

modeled as part of the signal. Refer to Channelized Movements section for additional details. On a project-by-668 

project basis, the use of RTOR for signals that currently allow RTOR and are not modified as part of the build 669 

improvements, may be allowed, if approved by the NCDOT Congestion Management Section. 670 

U-Turn Conflicts with Overlapping Right 671 

If U-turn volumes are nominal, then U-turn volumes can be coded as left turns. Otherwise, if the U-turn volumes 672 

are high, they must be coded as U-turn. In this case, at signalized intersections in Synchro, a conflict may exist 673 

between a protected U-turn phase and a right-turn overlap phase. It is unacceptable to retain this conflict coding 674 

in a Synchro model.  The analysis should match expected field conditions. Either the U-turn must yield to the 675 

protected right-turn, or the right turns must yield to the protected U-turn. Under field conditions, if a “U-Turn 676 

Must Yield”, a “U-Turn Yield to Right Turn” sign will be posted.  677 

Detector Placement and Settings 678 

Typically, the default detector placement and settings in Synchro are utilized for analyses.  It is not recommended 679 

to revise the default detector phases, because if overridden the detector phases will not update if the phase 680 

numbers are changed.  681 

Ring and Barrier  682 

Once the phases for a traffic-actuated timing plan have been defined, a phase order and transition scheme with a 683 

ring-and-barrier table can be defined as well.  The ring-and-barrier table is a common method for illustrating the 684 

phase transition logic for actuated controllers and is shown on the bottom of the Timing Settings window.   685 

The block of phases between any two consecutive barriers is referred to as a barrier and the sequence of phases 686 

in a single row – which may span multiple barriers – is referred to as a ring.  Dual ring, two-barrier designs are 687 

common; however, Synchro allows more complex designs with as many as 4 barriers and 4 rings and can be 688 

revised using the Ring and Barrier Designer tab on the main toolbar.    689 
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 690 

The ring and barrier for existing signals is defined based on the Phase Diagram from the existing signal design plan.  691 

For modified or new signals, the ring and barrier table is set up based on engineering judgment. 692 

Cluster Editor 693 

It is becoming more common, especially with alternative intersection designs, to have a single signal controller 694 

controlling multiple intersections (nodes).  Synchro can group multiple nodes into a single signal controller by 695 

using the Cluster Editor tool on the main toolbar.   696 

 697 

The Cluster Editor allows the analyst to select each node that you want grouped together on a single controller. 698 

For additional information on this, please refer to the Synchro Studio User Manual.    699 

 700 

https://support.gridsmart.com/support/solutions/articles/69000541835-synchro-studio-11-user-guide
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Signal Recommendations 701 

Consider monitoring for signalization when peak hour warrants are met.  Poor LOS on a side street does not always 702 

result in a recommendation for signalization if v/c ratios and queuing are acceptable.  The following list indicates 703 

when signals are less desirable: 704 

•  Strategic Transportation Corridors 705 

•  In close proximity to other signals 706 

•  When the signal creates operational and queuing problems greater than it solves 707 

When signals are warranted, consider every option to reduce phasing, especially on a Strategic Transportation 708 

Corridor. 709 

General Signalized Intersection Best Practices 710 

The phasing and timing settings for signalized intersections require the analyst to review the volumes, Synchro 711 

results, and SimTraffic simulation to determine the most appropriate signal operations.   712 

• Signal phasing should remain consistent for all time periods. As an example, if split phasing is used for the 713 

AM peak, it must be used for the PM peak. Changing the phasing sequence, such as altering left-turn 714 

phasing from leading left to lagging left, is dependent on the traffic signal controller equipment. 715 

• Dual left turns should be used cautiously due to:    716 

o Turn Conflicts requiring split phasing 717 

o Protected Phasing (see signal plans) 718 

o Driveways in close proximity to the intersection on the receiving lanes can lead to erratic 719 

movements 720 

o Merges on the receiving lanes can create false capacity in the analysis 721 

• Dual right turns with one lane sharing a through movement perform poorly in overlap and RTOR 722 

conditions.  723 

• Through movements on highway ramps should not be combined with right turns for three phase signals 724 

or standard diamond configurations. The through movement should be shared with the left-turn lanes. 725 

• For analysis of future operations, use protected-only phasing, not protected/permitted phasing. This 726 

analysis will identify the required storage if protected-only phasing is found to be necessary in the field in 727 

future.  728 

• Intersections with combination through/left-turn lanes should have either permitted-only left-turn 729 

treatment or split phase left-turn treatment for that approach. This is not a recommended geometric 730 

configuration and should be avoided if there is an opposing movement. 731 

• Lane configuration for opposing side streets should match, when possible, to avoid driver confusion (for 732 

example: avoid a combination through/left-turn and right-turn lane on one approach opposite a 733 

combination through-right-turn and left-turn lane on the opposite approach). 734 

• For analysis, generally use protected left-turn treatment instead of permitted when: 735 

o Dual left-turn lanes are present  736 

o Hourly volume exceeds 240 cars 737 

o Left-turn lanes are crossing 3 or more opposing through lanes of traffic 738 

o When a condition is satisfied in the table below: 739 
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Number of Opposing Lanes  
(Through and Right) Condition 

1 Left-Turn Volume * Opposing Volume > 50,000 

2 Left-Turn Volume * Opposing Volume > 90,000 

3 or more Left-Turn Volume * Opposing Volume > 110,000 

• Use overlapping right-turn phasing where appropriate. Use of a shared through-right turn lane limits the 740 

effectiveness of the right-turn overlap, especially where volumes require dual right turns. 741 

• Cycle lengths for individual intersections in coordinated systems should be equal. Double or half cycles 742 

can be used if the minimum cycle lengths, defined below, are accommodated. 743 

• It should not be the intent of capacity analysis for planning purposes of a project to fully design and 744 

optimize a coordinated traffic signal system. 745 

• Generally, the minimum cycle lengths are shown in the table below.  Deviation from these minimum 746 

values is acceptable if justified in the model documentation.  747 

Number of NEMA Phases Minimum Cycle Length 

2 60 seconds 

3 90 seconds 

4 or more 120 seconds 

• Generally, the maximum cycle length should not exceed 180; however, cycle lengths up to 240 seconds 748 

are acceptable if justified in the model documentation. 749 

• Overall cycle lengths should be rounded to the nearest 5 seconds increment.  750 

 751 

ALTERNATIVE INTERSECTION CODING 752 

Restricted Crossing U-Turn (RCUT) Coding 753 

The proper coding of Restricted Crossing U-Turns (RCUT’s) in Synchro allows for the accurate modeling of the 754 

operations and optimization of the corridor with full one-way progression.  The preferred method for coding 755 

RCUT’s is to develop them as one-way links in each direction along a roadway as shown in the Synchro file below: 756 

 757 
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The main street should be analyzed as parallel one-way streets, rather than a single facility, because each two-758 

phase signal impacts only one direction of traffic on the main street. U-turn crossovers should be located 759 

approximately 600-800 feet from the side street. Spacing may also be determined by the U-turn queuing. 760 

The coding of the main intersection should be such that each direction of travel has its own node.  If the main 761 

intersection includes directional left turn lanes from the mainline onto the side street, they should be coded as 762 

separate links with the link beginning approximately at the point where the monolithic island would begin.  763 

Consideration should be given to adding a segment break and short additional lane on the mainline link in advance 764 

of the left turn lane splitting from the mainline roadway to better model the transition into the left turn storage 765 

bay.   766 

Caution should be exercised when coding RCUT intersections to ensure appropriate lane continuity. 767 

The coding of the U-turn locations should include creating a short link between each direction of traffic with either 768 

unsignalized or signalized control at the downstream node (the odd numbered nodes in the schematic below) 769 

where the vehicles are turning.  If a traffic control device is not placed on the U-turn link, it will not be possible to 770 

collect delay or LOS at the node; therefore, all U-turn nodes must have a traffic control device defined. The 771 

upstream node for the U-turn links (the even numbered nodes below) operates as a dummy node; it should have 772 

no traffic control, and the “Enter Blocked Intersection” setting should be changed to Yes under “simulation 773 

settings” tab.  See the schematic below additional guidance on coding of RCUTs (Reduced Conflict Intersections).   774 

Coding RCUTs in Synchro 
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Diverging Diamond Interchange Coding 775 

A Diverging Diamond Interchange (DDI) interchange allows two directions of traffic to temporarily cross to the left 776 

side of the road.  The DDI increases access to the interstate by moving high volumes of traffic through an 777 

intersection without increasing the number of lanes and traffic signals.  It should be noted, when the interchange 778 

has heavy through movements, a DDI may not be the best configuration to service the traffic demand. 779 

DDI’s should be considered at locations: 780 

• With heavy left-turn traffic volumes onto and off the freeway ramps 781 

• Without adjacent traffic signals or nearby driveways 782 

• Where there is limited roadway width for left-turn lanes between ramp intersections and limited right-of-783 

way to expand 784 

The coding of Diverging Diamond Interchanges (DDI) in Synchro allows for a high-level evaluation of the operations 785 

of the interchange.  Below is a Synchro screenshot of a DDI.   786 

 787 

Continuous Flow Intersection Coding (CFI) 788 

A continuous flow intersection (sometimes referred to as a displaced left-turn intersection) improves traffic flow 789 

and reduces delays by allowing left turns and through movements of one or both approaches to occur at the same 790 

time.  The left-turns from the main intersection are moved to cross the mainline several hundred feet upstream 791 

of the main intersection which reduces delays and improves capacity. 792 

If displaced left turns are only used in one direction, it is recommended to use a single signal controller.  If all four 793 

legs have displaced left turns, use of a single controller is still recommended but dual controllers are also 794 

allowable.  Below is a Synchro screenshot of a CFI with displaced left-turns on the northbound and southbound 795 

approaches only. 796 

 797 
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 798 

Signal phasing and timing for a CFI can be complex.  As indicated in the FHWA Displaced Left Turn Informational 799 

Guide, “the multiple signalized intersections within a [CFI] are usually coordinated so certain movements at 800 

separate intersections essentially operate during the same phase."  Ideally, timing should allow for displaced left-801 

turning traffic and parallel through movements to “continuously flow" through the intersection without stopping 802 

or queuing on displaced left turn lane.  Additional guidance on phasing for CFI is provided in the FHWA Displaced 803 

Left Turn Informational Guide.  804 

SIGNAL OPTIMIZATION 805 

The optimization of signalized intersections is vital to accurately model the traffic operations of both isolated 806 

signals and coordinated corridors. The optimization of signals in Synchro is completed in two different manners 807 

depending on the number of signals being analyzed, with isolated signals (those that are not coordinated with 808 

other signals in a signal system) and multi-signal corridors (those that are coordinated as part of a signal system) 809 

being optimized with separate methods. 810 

Isolated Signal Optimization 811 

If the signal is an isolated signal, click on the signal to be optimized and use the Intersection signal feature under 812 

the Optimize Tab to optimize either the intersection splits or cycle length.   813 

 814 

The Splits command will select the optimal split for each phase based on each lane groups volume divided by its 815 

adjusted saturation flow rate. This is a good exercise when looking to have a good and quick indication how certain 816 

laneages or cycle lengths will work for any given volume.  If two or more lane groups move concurrently, the 817 

highest volume to saturation flow rate will be used to set the phase time. 818 

https://safety.fhwa.dot.gov/intersection/crossover/fhwasa14068.pdf
https://safety.fhwa.dot.gov/intersection/crossover/fhwasa14068.pdf
https://safety.fhwa.dot.gov/intersection/crossover/fhwasa14068.pdf
https://safety.fhwa.dot.gov/intersection/crossover/fhwasa14068.pdf
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The Cycle Length command will set the intersection to its natural cycle length.  It is worth noting that in certain 819 

instances longer cycle lengths will provide better performance measures.  When optimizing, Synchro tries to 820 

determine the shortest cycle length with acceptable performance while conforming to the recommended 821 

minimum cycle lengths stated in the NCDOT Capacity Analysis Guidelines standards and in the General Signalized 822 

Intersection Best Practices section of this document 823 

Multi-Signal Corridor Optimization 824 

To optimize the cycle length for multiple signalized intersections that are located along a corridor, utilize the 825 

Network signal optimization tool.  This tool allows the analyst to optimize the cycle length for the entire network 826 

or a corridor by selecting a specific zone.  827 

 828 

 829 

The following are recommendations for optimizing cycle lengths using the Network Cycle Length command box. 830 

• Allow Uncoordinated = Never 831 

• Allow Half Cycle Length = Checked  832 

• Preserve Files for Each Cycle Length = Unchecked unless a specific need is identified 833 

• Optimize Phase Sequence = Checked 834 

• Offset Optimization = Extensive 835 

https://connect.ncdot.gov/resources/safety/Congestion%20Mngmt%20and%20Signing/Standards%20-%20Capacity%20Analysis%20Guidelines.pdf
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• Weighting = No Weighting 836 

• Scope = Set to Zone if the analyst is performing optimization of a specific corridor and that zone should 837 

then be selected in the drop down.  If the entire network is to be optimized, the analyst should select 838 

Entire Network. 839 

• Write Timing File = Unchecked, unless a specific need is identified 840 

When performing the optimization, the analyst can choose between Manual or Automatic to run the optimization.  841 

The analyst should choose Automatic to let Synchro chose the best timings combination.  If the analyst uses the 842 

Manual option, they must justify that in the traffic report and provide detail on the steps taken to choose the 843 

timing data used in the Synchro file. 844 

Intersection Offset Optimization 845 

To optimize the offset for a single intersection, the analyst should select the intersection to be optimized and then 846 

select the Intersection Offset Optimization tab.  When selecting the Offset button Synchro will test all possible 847 

offsets and lead/lag optimizations to minimize delay between this intersection and its immediate neighbors. 848 

Optimize Network Offsets  849 

To optimize the offset for multiple signalized intersections that are located along a corridor, the analyst should 850 

select the Offset Optimization on the Network Tab. This tool allows the analyst to optimize the offset for the entire 851 

network or a corridor by selecting a specific zone.  It is important to note that this step should be completed after 852 

the cycle length has been optimized.  The Offset Optimization will not affect the cycle length.   853 

 854 

The following are recommendations for optimizing offsets using the Network Offsets command box. 855 

• Splits = Use existing should be selected (Only select Optimize if there has been a change in volume or 856 

geometry)   857 

• Optimize Lead/Lag Phasing = Checked  858 
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• For early runs and option testing, the user may use a Quicker optimization (more in the middle of the 859 

scale as shown above) but for final analysis and results that will be reported, use the Best Timing Plan 860 

optimization. 861 

• Weighting = No Weight 862 

• Scope = Set to Zone if the analyst is performing offset optimization of a specific corridor and that zone 863 

should then be selected in the drop down.  If the entire network is to be optimized, the analyst should 864 

select Entire Network. 865 

Best Practices for Signal Optimization 866 

The optimization of signalized intersections requires experience in traffic operations and basic knowledge of signal 867 

design; however, the optimization methods in Synchro should be considered a tool that assists the analyst in 868 

developing the signal timing and offsets for a given project; therefore, fine tuning may be required following the 869 

completion of the optimization task in Synchro.   870 

The coordination of grids and other networks where major corridors intersect may require optimizing both the 871 

east-west and north-south routes separately.  The best way to coordinate this type of system is to first optimize 872 

the major route that includes the coordinated phases, then each perpendicular route should be reviewed, and the 873 

cycle length set to the same (or a compatible variation of the) major corridor cycle length with each signal’s splits 874 

being optimized individually.   875 

Optimization of RCUT corridors should be done individually for each direction of travel along the corridor. 876 

Please note that if you see a grey bar in the phasing diagram under "timing settings" tab, this means that the splits 877 

of the signal were not optimized. If this signal is in a coordinated system, please optimize the splits for this 878 

intersection, and then optimize the cycle length and offset for the entire network or zone as described in the 879 

previous sections.  880 

SIMULATION SETTINGS  881 

The Simulation Settings tab allows the analyst to enter SimTraffic specific parameters that will be used in the 882 

SimTraffic simulation.  Changes to simulation settings will not affect the Synchro outputs but will have a 883 

considerable effect on any simulation results.   884 

Two-Way Left Turn Lane Coding 885 

Synchro can model two-way left turn lanes (TWLTL) under the Simulation Settings tab.  The median will be colored 886 

with the pavement markings and dashed yellow lines; however, the TWLTL is for visualization purposes and has 887 

no effect on MOE’s or simulation outputs.  The vehicles in the simulation will only use the available storage length 888 

input in the lane settings tab.    889 

   Taper Lengths 890 

The default taper length in Synchro is 25 feet which allows a maximum of one queued vehicle to be stored in the 891 

taper.  The taper length does not affect Synchro output results; however, it will have considerable effect on any 892 

simulation results.  All taper lengths in the model should be set to 100 feet, which allows additional vehicles to 893 

store in the taper length.   894 

Lane Alignment  895 

The Lane Alignment controls how lanes align when adding a lane downstream as shown below: 896 

A. Left 897 

B. Right 898 
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C. L-NA (left, no add) 899 

D. R-NA (right, no add) 900 

901 

Lane alignment Figure copied from the Synchro Studio User Manual Guide 902 

Lane alignments for each movement should be reviewed to ensure they connect to the appropriate receiving lanes 903 

that are likely to be utilized under real world conditions.  The Intersection Paths tool can be used to review the 904 

lane alignments and can be found on the Map Settings tool under Options tab.    905 

Enter Blocked Intersection 906 

The Enter Blocked Intersection setting controls how queued vehicles perform at intersections to prevent gridlock 907 

conditions.  A value of “No” does not allow vehicles to block an intersection and should be the default setting.  A 908 

value of “Yes” should be entered for bend nodes, where queued vehicles will not affect the intersection.   909 

For side streets at unsignalized intersections the value can be set to one (1) or two (2) which will allow one or two 910 

vehicles to enter the intersection.  Allowing one (1) or two (2) vehicles to enter the intersection from the side 911 

street can help the capacity of driveways.  There may be other cases that warrant entering a blocked intersection 912 

and should be justified in the documentation.   913 

Turning Speed 914 

This entry is used to define the speed at which vehicles make a turning maneuver in SimTraffic and does not affect 915 

Synchro output results.  Typically, this value should not be modified; however, there are a few instances in which 916 

it is appropriate (e.g., when coding a reduced conflict intersection, or a diverging diamond interchange).  In 917 

addition, sometimes a through movement is shown as turning movement due to geometric design constraints as 918 

shown below: 919 

https://support.gridsmart.com/support/solutions/articles/69000541835-synchro-studio-11-user-guide
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 920 

This issue can typically be resolved by changing the link to a cardinal direction or by shifting nodes and/or adding 921 

curvature.  If this in not feasible, the turning speed for this movement should be changed to match the speed limit 922 

of the road.  It is also important to note that if this occurs at an intersection instead of a bend node, the left-turn 923 

and right-turn factors along with the lane utilization factors should be modified as well.  924 

The analyst should address any modifications to the default turning speeds in the documentation.  925 

SIMTRAFFIC SIMULATION  926 

As previously mentioned, SimTraffic is an accompanying software with Synchro that performs micro-simulation 927 

and animation of vehicular and pedestrian-related traffic.  SimTraffic should not be used to provide performance 928 

data for freeways, multilane highways, or two-lane rural roads; therefore, use alternative methodologies for these 929 

road classes. To run a simulation, the SimTraffic button should be selected on the main toolbar, which will open 930 

SimTraffic in another window.   931 

Overall network operations should be reviewed during the simulation, and any significant queuing, starvation, 932 

spillback, or gridlock should be addressed. 933 

Intervals and Volumes 934 

Before running a simulation in SimTraffic, the Intervals and Volumes tab should be selected under the 935 

Calibration toolbar.   936 

 937 

The seeding duration should be set to a minimum of 10 minutes, or the time needed to traverse the corridor. The 938 

recording duration should be set to 60 minutes.  The start time should be set to match the peak hour selected 939 

(i.e., 7:00 to 8:00 AM or 5:00 to 6:00 PM).  This will not have any effect on the simulation results, but the hours 940 
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will align for reporting purposes.  Statistics should only be recorded for the analysis hour and not for the seeding 941 

period. 942 

 943 

Random Seed 944 

Typically, the random number seed should be set to 1; however, the random number seed may be changed, if the 945 

same seed number is consistent for all analyses on the project (i.e., Existing, No-Build, Build Alternatives).   946 

PHF Adjust 947 

Typically, the PHF Adjust is set to “No”.  In certain instances, such as analyzing school operations or an area 948 

adjacent to a school, the PHF adjust may be set to “Yes”.  “Requirements for School Studies” included in the MSTA 949 

School Traffic Calculator should be followed.  950 

Visual Validation 951 

In most situations, the SimTraffic default settings for driver and vehicle behaviors are adequate for planning level 952 

studies. There may be instances where the default settings do not always capture location specific operations; 953 

therefore, visual validation should be considered as a means of better replicating the real-world operations.  954 

Further refinement of the model, through varying driver and vehicle behaviors, can be undertaken to develop the 955 

model to a level where it better replicates the operations of the actual network. Any variance from the default 956 

settings should be discussed with Congestion Management before proceeding and any changes to default settings 957 

should be justified and documented.  958 

Number of Runs 959 

When performing simulation runs for outputs and MOEs, a minimum of ten (10) runs should be performed. This 960 

is done by selecting Multiple Runs and choosing 10 for the number of run and the Starting Number should be 1.  961 

Select Multiple runs on the main SimTraffic toolbar and then enter the number of runs and starting number in the 962 

appropriate boxes. SimTraffic will provide a summary of all intervals run; however, it is good practice to review 963 

the results of all runs to ensure there are no outliers that need to be addressed.   964 
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                                                                                                               965 

ERROR CHECKING AND QUALITY CONTROL  966 

Network Error Check in Synchro 967 

Following the development of the model and prior to running any output or submitting for review, the analyst 968 

should utilize the Error Check tool under the options tab to review the model coding.  It is possible, that the error 969 

check will identify items that are not actually errors or will not influence model results.  Therefore, if after running 970 

the error check, it is determined that items are identified that are not actual errors, they should be documented 971 

in the model documentation. 972 

 973 

 974 

Quality Control 975 

Perform Quality Control of the model prior to submittal to NCDOT.  A detailed review of the model for quality 976 

control should be done by an individual with a thorough understanding of Synchro and these Guidelines. A second, 977 

independent review of the model by an individual who has expertise in traffic operations but was not involved in 978 

the development of the model is also recommended prior to running any outputs. 979 

OUTPUT REPORTS 980 

Output reports from Synchro and SimTraffic for all intersections analyzed should be included in the documentation 981 

for review. To generate output reports, the analyst should go to File and select the create report button. Report 982 

headers for each report should include the intersection number, roadway names, description of scenario and the 983 

alternative analyzed. Additionally, the footer of each report should include the date, report type and firm 984 

performing the work. 985 

Synchro Reports 986 

Signalized Intersections 987 

Output reports for signalized intersections should use the Lanes, Volumes, and Timings report and include the 988 

following from the data to include list: 989 

• Lane Inputs 990 

• Lane Outputs 991 

• Volumes Inputs 992 

• Volume Outputs 993 

• Simulation Settings   994 

• Detector Settings 995 
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• Level of Service Info 996 

• Timing Inputs 997 

• V/C Ratios, Delays 998 

• Actuated Inputs 999 

• Queues 1000 

• Skip Unused Items 1001 

 1002 

Unsignalized Intersections 1003 

Unsignalized intersections should use the HCM 6th Edition detailed output report when reporting MOEs for two-1004 

way or all-way stopped controlled intersections.  Unsignalized intersections do not report an overall intersection 1005 

level of service.  In the traffic technical memorandum, the analyst should report the delay and level of service for 1006 

all movements that have conflicting movements. The traffic technical memorandum should also include the 95th 1007 

percentile queue for all conflicting movements. It should be noted that the HCM 6th Edition queue lengths are 1008 

reported in vehicles, not feet. In this situation, the analysis should multiple the number of vehicles by 25 feet to 1009 

determine the estimated queue length.   1010 

 1011 
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 1012 

Roundabouts 1013 

As previously noted, it is acceptable for single lane roundabouts to use the HCM 6th Edition for reporting 1014 

roundabout MOE’s.  For dual lane roundabouts, it is recommended that Sidra Intersection be utilized for 1015 

roundabout MOE’s.   1016 

SimTraffic Reports 1017 

A SimTraffic “Queuing and Blocking Report” should be provided for all intersections analyzed. The report should 1018 

include the Simulation Summary and Queuing Information and be a summary of the 10 runs. It is recommended 1019 

that before submitting any simulation outputs, they should be evaluated for reasonableness.  For example, there 1020 

could be outlier results that need to be explained.  Outlier or unexpected results can come from multiple factors.  1021 

A truck could become stuck making a turning maneuver locking down a network for example.  Also turning queues 1022 

may seem to be unrepresentative of the queues seen or provided by Synchro.  At times, a turning vehicle may 1023 

become caught in the queue for the through movement and the resulting maximum queue may be unrealistic.  In 1024 

this case, the geometrics may need to be modified or perhaps the 95th percentile queue could be used.  1025 

Also, the analysis document must note when the maximum SimTraffic queue spills back onto the next link 1026 

SimTraffic reports shows a maximum queue that only measures how long the queue is to the end of the link 1027 

segment (queuing may go beyond the end of the link and this should be identified).  If queuing extends beyond 1028 

the length of a link, such as the entire length of a freeway ramp, the upstream block percentage should be 1029 

identified.  1030 

  1031 

 1032 



NCDOT Capacity Analysis Guidelines BEST PRACTICES NCDOT Congestion Management Section  

November 20, 2024   Page 38 of 44 

 1033 

MEASURES OF EFFECTIVENESS 1034 

Interrupted Flow Measures of Effectiveness 1035 

The evaluation of MOE’s for interrupted flow facilities is primarily based on the delay, LOS and queue length at 1036 

each intersection.0 When performing analyses, providing an adequate overall intersection LOS alone is not 1037 

sufficient. Items such as queuing, individual movement level of service, and volume–to capacity ratio should be 1038 

evaluated and addressed. Additional measures of effectiveness beyond level of service should be reported for 1039 

near or over capacity conditions. 1040 

Include the data in the following sections for all intersections within the model network.  Arrange the output in a 1041 

reasonable manner to allow for an orderly review. In general, the network should be presented along each 1042 

corridor from west to east and from south to north along the corridor.  The outputs should also be labeled based 1043 

on the cardinal directions (Northbound, Eastbound, Southbound and Westbound) unless there is justification for 1044 

varying from this requirement.   1045 

For reporting purposes, the approaches of the intersection should be ordered beginning with the Eastbound 1046 

direction and continuing as Westbound, Northbound, Southbound while movements at each intersection should 1047 

be listed from left to right in the direction oriented toward the intersection (for example: EB Left, EB Through then 1048 

EB Right).   1049 

Signalized Intersections 1050 

Report the control delay by intersection and control delay by lane group and their corresponding LOS for the 1051 

overall intersection and each individual lane group.   1052 

For approach based and intersection wide assessments, LOS is defined solely by control delay. However, there 1053 

may be individual movements (lane groups) where the v/c ratio is greater than one.  If this occurs, the movement 1054 

(lane group) is considered LOS F, even if the control delay is below the LOS F threshold, and this can be footnoted 1055 
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in the table. Further evaluation is needed at these locations and additional improvements may be necessary to 1056 

achieve acceptable operations.   1057 

Analysts work for a variety of sponsors and clients who have a variety of motives. Sometimes sponsors and clients 1058 

want a certain alternative to succeed (perform well in the design year) and sometimes they want a certain 1059 

alternative to fail (perform poorly on the design year). However, the objective of any analyst using these 1060 

Guidelines in any NCDOT context should be to provide all stakeholders with an honest assessment of the 1061 

performance of an alternative under conditions that follow these Guidelines and mimic those that would occur if 1062 

the alternative were to be built as closely as possible.  Analysis should demonstrate an effort to provide acceptable 1063 

and functional movement to all lane groups. For example, queue lengths for all movements should not exceed 1064 

available storage lengths.  Significant deviations in analysis input or output from those honest conditions should 1065 

be approved by all major stakeholders and highlighted in any reports. 1066 

Queue Lengths 1067 

Report the queue length utilizing both the Synchro 95th percentile queue length and the maximum queue length 1068 

from SimTraffic.  Base all maximum queue lengths on an average of all simulation runs (minimum of ten model 1069 

runs) for the one-hour peak period simulated.  For the analysis of Build designs, the length of turn bays should 1070 

accommodate the greater of the 95th percentile queue length from Synchro or the max queue length from 1071 

SimTraffic.  Storage recommendations for queue lengths should be rounded up to the nearest 25 feet with a 1072 

minimum of 100 feet for both right-turn and left-turn lanes.  Recommended storage lengths are considered 1073 

"Variable Storage Lengths" as referenced in the NCDOT Roadway Design Manual and in the NCDOT Policy on Street 1074 

and Driveway Access to North Carolina Highways, which also provides details on calculating deceleration and taper 1075 

distances. 1076 

For Synchro 95th percentile queue lengths, any movement that is flagged (~, #, or m) should be reviewed in further 1077 

detail and more reliance should be placed on SimTraffic outputs.  A ~ indicates that the volume exceeds capacity, 1078 

and the queue length could be much longer than reported.  A # indicates that compound queuing may occur over 1079 

multiple cycles and exceed the reported 95th percentile queue length.  If the v/c ratio for the movement is less 1080 

than one, then the reported queue length may be acceptable for design of storage bays.  The m indicates traffic 1081 

is being metered from upstream and could also indicate a volume or signal coding issue.   1082 

Queue lengths for through lanes should also be reviewed to ensure that they don’t extend beyond the taper of 1083 

the adjacent turn lanes.  If this occurs, engineering judgment should be used to adjust storage lengths accordingly.    1084 

It should be noted that the max queue length in SimTraffic will only be reported for the length of the link or storage 1085 

lane and does not account for queuing that may extend beyond adjacent nodes.  This can be an issue where closely 1086 

spaced intersections exist or bend nodes are present, such as DDI, RCI, or RCUT designs.  The simulation should 1087 

be reviewed and if queuing extends beyond an adjacent node the queue lengths should be added together to 1088 

report the max queue for that lane.    1089 

 1090 

 1091 

 1092 

 1093 

 1094 
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Sample Signalized Intersection Performance Measure Table 1095 

 1096 

Unsignalized Intersections (Stop or Yield Controlled) 1097 

Report the Control Delay by Lane Group and their corresponding LOS for any individual lane group that has a 1098 

conflicting movement.   1099 

Note there is not an overall LOS for unsignalized intersections in the HCM methodology; therefore, do not report 1100 

overall Intersection Control Delay or LOS for unsignalized intersections.  There is currently no methodology for 1101 

determining the control delay or LOS for yield-controlled movements (except for roundabouts); therefore, for 1102 

those near signals, model as part of the signal (as noted in the Intersection Coding section).  For yield-controlled 1103 

intersections that are not near a signalized intersection, report Queue Length for each yield-controlled approach 1104 

with a note that delay and LOS are not reported for yield controlled intersections. 1105 

Sample Unsignalized Intersection Performance Measure Table 1106 

 1107 

The analyst should review level of service and queuing outputs to determine if turn lanes are required for 1108 

unsignalized intersections. An additional tool can be found on the nomograph provided in Attachment A.  For 1109 

school developments, contact MSTA to determine the adjustment needed for the nomograph in Attachment A – 1110 

Warrant For Left and Right-Turn Lanes – Unsignalized Intersections.  1111 

Roundabouts 1112 

The HCM 6th Editions detailed report should be used for the approach/lane group LOS and delay which should be 1113 

documented in the traffic technical memorandum.  Queue lengths and v/c ratios should be documented and any 1114 

movement with a v/c ratio greater than 0.85 should be considered for additional improvements. 1115 

TECHNICAL DOCUMENTATION 1116 

Technical documentation of traffic analysis consists of a report, with appendices as necessary, along with a listing 1117 

and justification for any variance from these guidelines.  In the future, a sample technical report will be provided 1118 

as a go-by. In the interim, technical reports should consist of the following sections: 1119 

AM PM AM PM AM PM AM PM

16.6 15.1 B B

LT 40.3 8.8 D A #242 38 200 225

TH 2.7 10.4 A B 52 165 201 1484

TH 15.3 9.6 B A 376 156 299 133

RT 11.7 8.8 B A m202 60 259 96

LT 44.4 38.1 D D 84 #313 141 896

RT 24.4 21.2 C C 122 187 146 500

Signalized Intersections

Intersection 

No.
Intersection Approach

Lane 

Group

Delay (sec) LOS 95th % Queue Max Queue

1
Lake Boone Trl at 

Wycliff Rd

Overall

Lake Boone Trl 

Eastbound

Lake Boone Trl 

Westbound

Wycliff Rd 

Southbound

AM PM AM PM AM PM AM PM

Lake Boone Trl 

Westbound
LT 10.4 18.3 B C 16 5 100 24

Myron Dr 

Northbound
RT 10.5 12.2 B B 6 23 56 115

Shopping Center 

Dwy Southbound
RT 18.3 11.9 C B 57 11 333 74

95th % Queue Max Queue

2

Lake Boone Trl at 

Shopping Center 

Dwy/Myron Dr

Intersection No. Intersection Approach
Lane 

Group

Delay (sec) LOS

Unsignalized Intersections



NCDOT Capacity Analysis Guidelines BEST PRACTICES NCDOT Congestion Management Section  

November 20, 2024   Page 41 of 44 

1. Executive Summary – Provide a summary of project purpose, results for each analysis scenario, and any 1120 

recommendations made. 1121 

2. Project Background – Briefly describe the purpose of memo and project description. 1122 

3. Description of Scenarios Analyzed – Provide a description of each scenario analyzed.  1123 

4. Methodology – Describe the methodology for the capacity analysis, including the Synchro release version 1124 

and build number.  A brief description of any project anomalies may be included here along with whether 1125 

previous Synchro models were used to develop this analysis.   1126 

5. Measures of Effectiveness – Provide a description of the measures of effectiveness (MOEs) selected for 1127 

the project.  The MOEs to be provided are detailed in these guidelines. 1128 

6. Volume Development – Provide a description of volume development methodology and any 1129 

unconventional treatment to the development of volumes. 1130 

7. Deviations from Default Values – Provide a list of any default values that were modified in the analysis, 1131 

including a brief justification for the deviation. Include approval of the deviations in an Appendix to the 1132 

report. 1133 

8. Base Year No-Build Analysis – Provide a description of Base Year No-Build scenario and analysis results, 1134 

including any notable concerns that arose during visual validation. 1135 

9. Future Year No-Build Analysis – Provide a description of Future Year No-Build scenario and analysis 1136 

results, including any notable concerns that arose during visual validation. 1137 

10. Future Year Build Analysis – Provide a description of Future Year Build scenario and analysis results, 1138 

including any notable concerns that arose during visual validation.  If multiple build alternatives were 1139 

analyzed, include description and results for each. 1140 

11. Base Year Build Analysis (if applicable) – Provide a description of Base Build scenario and analysis results, 1141 

including any notable concerns that arose during visual validation.  Also include illustrations of the signal 1142 

timings used for each intersection in each peak period.  If multiple build alternatives were analyzed, 1143 

include description and results for each. 1144 

12. Conclusions and Recommendations – Provide a brief description of the conclusions and any 1145 

recommendations developed based on the analysis results.  Discuss any counterintuitive results. A 1146 

recommendation diagram figure needs to be provided in the Capacity Analysis Document.  1147 

The following tables should be provided in the technical report: 1148 

1. Base Year No-Build Measures of Effectiveness 1149 

2. Future Year No-Build Measures of Effectiveness 1150 

3. Future Year Build Measures of Effectiveness (include tables for each build alternative analyzed) 1151 

4. Base Year Build Measures of Effectiveness, if applicable (include tables for each build alternative analyzed) 1152 

The following figures should be provided in the technical report or appendices of the technical report: 1153 

1. Project and Model Study Area (distinguish between the project study area limits of the analysis model) 1154 
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2. Base Year No-Build Volumes 1155 

3. Base Year No-Build Laneage 1156 

4. Base Year No-Build MOEs 1157 

5. Future Year No-Build Volumes 1158 

6. Future Year No-Build Laneage 1159 

7. Future Year No-Build MOEs 1160 

8. Future Year Build Volumes (for each build alternative) 1161 

9. Future Year Build Recommended Laneage (for each build alternative) 1162 

10. Future Year Build MOEs (for each build alternative) 1163 

11. Base Year Build Volumes (if applicable) 1164 

12. Base Year Build Recommended Laneage (if applicable) 1165 

13. Base Year Build MOEs (if applicable) 1166 

SUBMITTAL REQUIREMENTS 1167 

The following items should be included in a submittal package: 1168 

• Synchro models following the naming convention outlined in the File Naming Conventions section.  1169 

• MOE Spreadsheets 1170 

• Technical Documentation   1171 

For review purposes, a printable digital copy of the report/documentation submittal is preferable, although 1172 

NCDOT may require hard copies as well.  The number of hard copies will be determined during the scoping process 1173 

of each project.  For plan sheets, such as site plans, the digital submittal should be legible and to scale when 1174 

printed as a 22” x 34” sheet.  Use of the Portable Document Format (PDF) is preferred. 1175 
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ATTACHMENT A – WARRANT FOR LEFT AND RIGHT-TURN LANES – UNSIGNALIZED INTERSECTIONS  1176 

 1177 
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LINKS 1178 

• NCDOT Congestion Management Section website:  1179 

https://connect.ncdot.gov/resources/safety/Pages/Congestion-Management.aspx 1180 

• NC OneMap Aerial Photography:  1181 

NC OneMap  1182 

• NCDOT Functional Classification Map : 1183 

http://ncdot.maps.arcgis.com/home/webmap/viewer.html?layers=029a9a9fe26e43d687d30cd3c08b171184 

92 1185 

• NCDOT Congestion Management Guidelines -Standards  1186 

https://connect.ncdot.gov/resources/safety/Congestion%20Mngmt%20and%20Signing/Standards%20-1187 

%20Capacity%20Analysis%20Guidelines.pdf  1188 

• NCDOT signal plans: 1189 

 https://connect.ncdot.gov/site/tmsd/SignalPlans/Pages/default.aspx.   1190 

• MSTA website: 1191 

Municipal School Transportation Assistance (MSTA)  1192 

• Synchro Studio 11 – User Guide  1193 

https://support.gridsmart.com/support/solutions/articles/69000541835-synchro-studio-11-user-guide  1194 

https://connect.ncdot.gov/resources/safety/Pages/Congestion-Management.aspx
https://www.nconemap.gov/
http://ncdot.maps.arcgis.com/home/webmap/viewer.html?layers=029a9a9fe26e43d687d30cd3c08b1792
http://ncdot.maps.arcgis.com/home/webmap/viewer.html?layers=029a9a9fe26e43d687d30cd3c08b1792
https://connect.ncdot.gov/resources/safety/Congestion%20Mngmt%20and%20Signing/Standards%20-%20Capacity%20Analysis%20Guidelines.pdf
https://connect.ncdot.gov/resources/safety/Congestion%20Mngmt%20and%20Signing/Standards%20-%20Capacity%20Analysis%20Guidelines.pdf
https://connect.ncdot.gov/site/tmsd/SignalPlans/Pages/default.aspx
https://connect.ncdot.gov/municipalities/School/pages/default.aspx
https://support.gridsmart.com/support/solutions/articles/69000541835-synchro-studio-11-user-guide

