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NCDOT Synchro Planning Level Analysis

The mission of the NCDOT Congestion Management Section is the 
statewide application of cost-effective traffic engineering based 

operational and safety improvement strategies which mitigate the 
impacts of traffic congestion, improve system efficiency, enhance 

traveler safety, and improve economic vitality.  

The vision of the NCDOT Congestion Management Section is 
optimal system-wide mobility.



Congestion 
Management 

Website
https://connect.ncdot.gov/resources/safety/

Pages/Congestion-Management.aspx
Being Updated!
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NCDOT Capacity Analysis Guidelines
https://connect.ncdot.gov/resources/safety/Pages/Congestion-Management.aspx

In other words, use the defaults or 

explain and justify prior to

submitting analysis 
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Capacity Analysis Tool Selection Guidance
• Planning-level analysis

– results provide estimates of expected 
performance and are useful in informing the 
initial feasibility and high-level design 
features.

• HCM analysis
– balances operational detail with reasonable 

data input needs and analysis resource 
requirements.

– may provide insight on additional geometric 
design and signal timing details

• Microsimulation analysis
– allows for flexible customization and 

configuration of geometry, signal timing, and 
other operational parameters. 

– provides visualization of traffic patterns and 
roadway geometry

Slide Data Courtesy Kittelson & Associates, Inc.
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Levels of Planning Analysis from HCM

• High level
– Large analysis area
– Low detail

• Medium level
– Focus on a single roadway

facility, segment, or
intersection

– Greater detail

• Low level
– Highly focused and highly detailed

Slide Data Courtesy Kittelson & Associates, Inc.
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Intersection Capacity Analysis Tools
Planning Analysis vs. Operations Analysis

Highway Capacity Manual Synchro plus SimTraffic

Highway Capacity Software SIDRA

Others???
TransModeler
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Levels of Intersection Analysis

Planning-level Tools
e.g. CAP-X, Vjust, etc.
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HCM Analysis Methods
e.g. HCM, HCS, Synchro, 

Sidra, etc.

GROUND TRUTH

Microsimulation
e.g. TransModeler, VISSIM, 

etc.

Slide Data Courtesy Kittelson & Associates, Inc.



Levels of Intersection Analysis

Planning-level Tools
e.g. CAP-X, Vjust, etc.
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HCM Analysis Methods
e.g. HCM, HCS, Synchro, 

Sidra, etc.

GROUND TRUTH

Microsimulation
e.g. TransModeler, VISSIM, 

etc.
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Seven Step Process of Synchro and 
SimTraffic Planning Level Analysis 
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Step 1: Model Network

• Include all study intersections
• Accurately model distance between intersections
• Include future lane/intersection improvements from 

other developments or projects
• Y-Line lengths should be close to 1000’ in order to view 

full queue lengths
• Code storage lengths correctly

– Use 100’ tapers 

• Use cardinal directions (N, S, E, W, not NW, SE, etc.)
• Reduced Conflict Intersections (RCUT) in Synchro 

should be modeled using one-way pairs (check with 
CMS for guidance)

NCDOT Synchro Planning Level Analysis



Step 2: Follow Analysis Guidelines

• Use NCDOT Capacity Analysis Guidelines Provided by 
Congestion Management, for example…

• Turn Lane Treatment
– No protected-permitted lefts
– No right turns on red

• Recommended Timing Settings
– Minimum initial green time, yellow time, all-red time, lost time 

adjustment, minimum split

• Minimum Cycle Length
– Based on number of phases in the signal

• Use a Peak Hour Factor (phf) of 0.9 except for near schools 
where 0.5 to 0.75 is commonly used (check with MSTA or CMS)
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Step 3: Create Synchro File for Each Scenario

• A separate file should be created for both AM and PM 
peak hours for each scenario
– Existing No Build

– Future Year No Build
– Future Year Build

– Others as Needed

• Each file should have matching corridor and Y-line 
lengths or else simulations will not match!
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Step 4: Input Volumes

• Input turning movement volumes into the corresponding 
file for each scenario

• In Synchro, use 4 vph as a minimum turning movement 
volume for any permitted movement
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Step 4: Input Volumes

• Balance volumes and/or explain discrepancies between 
intersections within reason (check with CMS)
– Look at what’s between the intersections

• More development = More volume drops or gains
• Less development = Less volume drops or gains

A

B

C Y
X

Z

A+B+C ~ X+Y+Z

Balanced

~
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Step 5: Optimize Signal Timing

• Optimize Signal Cycle Lengths 
– Make sure to stay above minimums in Guidelines

• Optimize Splits
• If There are Multiple Signals within the network: 

– Should be coordinated if appropriate
– If coordinated:

• Optimize network cycle lengths, all cycle lengths should be the same or half cycle
• Optimize network offsets

• Ensure analysis matches Capacity Analysis Guidelines
• Run “Coding Error Check” in Synchro before Simulation
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Step 6: Take Note of MOEs

• Synchro Analysis:
– Record overall intersection LOS and delay for signalized 

intersections
– Record approach, and/or movement, LOS and delay for 

each leg of the intersection
– Record 95th percentile queue lengths for each approach

• Create a table showing MOEs (Measures of 
Effectiveness e.g. LOS, delay, queuing, v/c, etc.)
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Step 7: Run SimTraffic Simulation

• SimTraffic should always be run when using Synchro as 
an analysis tool

• Set seeding time to at least 10 minutes and recording 
time to 60 minutes

• Record simulation (10 runs is recommended)
• Print queuing and blocking report for the whole network

– Should be included with analysis document appendix
– Make a table recording SimTraffic maximum queue lengths

• Lanes and storage recommendations should be 
higher of Synchro 95 th and SimTraffic Maximum 
Queues (iteration may be necessary).  Ensure 
recommended lanes and storage are coded.
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Planning Level Capacity Analysis of 
Existing Intersection in Synchro and 

SimTraffic

20
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ADD LINK- Use to add 

a street to your 

network

Map View- Returns 

you to this view

Synchro Basics:

• You can pan screen / drag map by clicking scroller 

button on your mouse

Use this Display Results tabs to 

show different things on the map. 

Such as: input traffic volumes, 

speed, link length, volume 

balancing, etc.



Start by changing network settings to match our 

guidelines

1. Go to Options

2. Click Network Settings

1

2



Change Default Settings for These:

**MUST CLICK “SET ALL” FOR EACH THEN “OK”



Change Default Settings for These:

**MUST CLICK “SET ALL” FOR EACH THEN “OK”



You can add a background 

map image if you like



Find your wanted location:

• Drag to area or use search bar to type in an address

• Once you find your wanted background image, click 

“Select Region”

• Draw a box around wanted region then click on a 

reference point (a reference point helps when the 

Synchro network is already drawn). Click “Next”

• If no network is already drawn, then leave world 

coordinates at 0,0 and click “Ok”

• Now you have a map as a background

• If you don’t see your map, click this button:



ADD LINK- Use to add 

a street to your 

network

Links should be around 1000’ in length 

so we can see all queuing in SimTraffic. 

When you start drawing a link, the 

length will appear here 



This is a node. They are at 

the end of links and at 

intersections. You can move 

them my right-clicking and 

clicking “Move”



This is a link. Each link has 

two sections. If a link is 

vertical, then the top half is 

the northern part of the 

link, bottom half is 

southern

You can add curvature to a link by right-

clicking on it and then click “Add 

Curvature”. When a link has curvature, 

then any new links drawn over the 

curved link will NOT connect as an 

intersection. This is a helpful tool if you 

don’t want the links to connect, like with 

overpasses. If you have curvature and 

need to connect a new link; simply right-

click the link again and select “Remove 

Curvature”



When you first draw links, they appear 

like this. To add lanes, double click on a 

link. Since there are two sections for 

each link, each section controls one 

direction of lanes. Ex: the northern 

section controls the northbound lanes, 

the southern section controls the 

southbound lanes.



Our guidelines say to only code by 

cardinal directions (north, south, 

east, and west).

Change this by right clicking where 

it says the direction (NWT in this 

case), then double click to which 

direction you would like to change 

it to. You may need to change all 

link sections.





After clicking on an intersection node, 

you can edit some intersection settings 

on this yellow side window that 

appears. To see all the intersection 

settings, click timing settings.



This is the Timing Settings screen. First 

step is to determine your control type. 

See the Timing Signals Training Module 

for a description of each type. For 

closely-spaced signals (<1/2 mile), our 

default is to use “Actd-Coord”

To continue, traffic movement volumes 

need to be entered. You can do so on 

this screen. You can also enter volumes 

in the map view, lane settings view, and 

simulation settings view.

Enter volumes in the second row where 

it says “Traffic Volume”. The volume 

entered is for the movement, not the 

lane. Ex: The westbound direction has a 

shared left/through lane. Volumes for 

the left-turn movements will still be 

entered under the WBL column even 

though there isn’t a dedicated WBL lane.

*Helpful tip: 

Change the Node Number to help 

keep your network easy to read.



The following settings come from the Capacity Analysis 

Guidelines

Left turns can be permitted (perm) 

unless protected phasing exists or 

one of the following apply, then, use 

protected only:

**Highest peak hour should govern



*Minimum Split is Minimum Initial + 7 seconds 

if 5 and 2 Y and AR are used (unless ped phase)

Recall Mode should be “None” for side 

streets and “C-Min” for major streets 

(or “Min” if signal is not coordinated)



Cycle Length is based on how many total 

possible (NEMA) phases there are. In this 

example, there are five total phases:

1. Phase 1 (SBL) runs with Phase 5 (NBL)

2. Phase 1 (SBL) runs with Phase 6 (SBT)

3. Phase 5 (NBL) runs with Phase 2 (NBT)

4. Phase 2 (NBT) runs with Phase 6 (SBT)

5. Phase 4 (EB) runs with Phase 8 (WB)

There can also be right-turn overlap where 

the right-turns run with nonconflicting left-

turns. This option is permitted + overlap 

(pm+ov)



The “Natural Cycle” is generally the cycle 

length where the signal runs with the least 

amount of delay. If this number is greater 

than the minimum cycle length in our 

guidelines, then click “Optimize Cycle 

Length” to use this length. Otherwise, use 

our minimum as shown below. “Optimize 

Splits” should always be clicked. This 

optimizes how much green time each phase 

in order to achieve the best LOS/delay. This is 

based on the traffic volumes.



Side Notes:

• It’s not typical for our level of analysis, but 

signals can have different cycle lengths in 

the AM peak hour than in the PM peak 

hour. As long as it is greater than the 

minimum cycle length in the Guidelines.

• If you have multiple signals (that are 

coordinated) then all of the signals should 

have the same cycle length. Half cycles 

can be used when appropriate. Meaning 

one signal’s cycle length could be 120 sec 

(4 or more phases) while the next is 60 

sec (2 phases). See next slide for multi-

signal optimization.   



To optimize multiple signals, go to the 

optimize tab at the top, then click 

“Cycle Length” under the Network 

section. This window will then appear. 

Choosing automatic will change the 

cycle lengths after calculating the best 

length. Choosing manual will show you 

the cycle lengths with corresponding 

delay and will then allow you to choose 

the cycle length (adhere to minimums).  

After optimizing the “Cycle Length” of 

the network of signals, click “Offsets” 

to optimize the offsets for a given 

reference phase (typically “2+6”).  

Optimization can be performed for the 

“Entire Network” or by defined “Zone”.



This section provides the LOS and delay for 

the whole intersection. If your intersection is 

stop-controlled, there is no LOS/delay for the 

whole intersection, instead use the worst 

movement LOS/delay from “HCM 6th Ed”.

This section shows the LOS and delay for 

each signalized intersection movement. 

This section shows the LOS and delay for 

each approach. Approach is all the 

movements for a direction. Ex. SBL is a 

movement, SBL+SBT+SBR is the approach.



This screen is “Lane Settings”. On this screen you can 

edit the traffic volumes, street names, speed limits and 

storage lengths, amount of storage lanes, right-turn 

channelization, right-turn on red (RTOR).  

Similarly, the “Volume Settings” screen can be used to 

key in Heavy Vehicle percentages, peak hour factors, 

and Growth Factor (if applicable)



Storage lengths do not affect Synchro outputs, however, 

it does effect SimTraffic simulation. Storage lengths can 

be measured using Google Maps. Storage lanes have 

the storage length and a taper length. We use a default 

taper length of 100 ft. Storage length is generally the 

length of the full width lane (before taper begins) or 

solid white line, however, sometimes the white skip 

lines can be included within storage. The length should 

be rounded to the nearest multiple of 25.



This is called a channelized right-turn. 

Synchro has an option in the “Lane 

Settings” tab to enter in channelization. 

These right-turn lanes will still have 

storage length. Channelization will only 

affect SimTraffic.



This is called a channelized right-turn. 

Synchro has an option in the “Lane 

Settings” tab to enter in channelization. 

These right-turn lanes will still have 

storage length. Channelization will only 

affect SimTraffic.



Notice the westbound approach drops as a 

right-turn lane and has a left/through 

storage lane. In Synchro, you cannot enter 

storage for a through lane, so you instead 

enter in the storage length under the left-

turn lane even though there isn’t one. You 

first enter in the length, then enter in “1” 

under “Storage Lanes (#)”. It will appear in 

a red color, but Synchro will code it 

correctly.



This trick can also be used when an 

intersection picks up an additional through 

lane. Instead of 1 under “Storage Lane (#)”, 

you would put 2. 
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Another scenario is having a channelized 

right-turn lane that then continues on as 

its own lane.



For a right-turn lane that continues into a new through 

lane, channelize the right-turn lane as “Free”, then put 

a 1 under “Add Lanes (#)”. Make sure to also change 

the right-turn to “Free” under the “Timing Settings”



Another scenario to keep in mind is when you have a lane 

add/drop that takes place before or after an intersection. 

This usually comes into play when analyzing multiple signals. 

To model this, you need to utilize new mid-block nodes and 

create new links (drag a link on top of an existing one).



Use “Error Check” and resolve errors 

and warnings before running 

SimTraffic.



This is what our example looks like 

now. Now that the Synchro part is 

complete and optimized, run 

SimTraffic simulation.



After SimTraffic opens, go to the Calibration tab then 

click “Intervals & Volumes”.  Under seeding duration, 

enter at least 10, or the amount of time for vehicles to 

traverse the network. This is how long cars are fed into 

the network. Under recording duration, enter in 60. This 

is how long the simulation records. Now click Ok.



Go back to the “Home” tab. For some projects, only 

recording one run is sufficient. For other projects, such as 

Spot Mobility, we typically record 10 runs. Click “Record” or 

“Multiple Run” depending on the above criteria. Click Ok to 

run the simulation.



After clicking “run,” x number of simulations will run

and establish history files.



Press ctrl + r, and click multiple 

runs



Select all 10 history files, and 

select “Open”



Save PDF file into working folder.



Compare 

SimTraffic

Max.

Queue to 

Synchro 

95th

Queue  to 

determine 

storage 

length 

needs

SimTraffic Queuing and Blocking Report
NCDOT Synchro Planning Level Analysis

Beware of cases where the Maximum Queue 

extends beyond the Storage Bay Distance.  

Additional analysis may be necessary 

extending Storage Bay Distances.



Select Intersection – Lanes, 

Volumes, and Timings and 

Print to generate Synchro 

Report
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Synchro 

Lanes, Volumes, Timings

Report
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Making 
Recommendations 
from Synchro and 

SimTraffic

NCDOT Synchro Planning Level Analysis



What if…
the NBL and EBL movements had volumes that 

approach capacity at this intersection
New NBL volume: 100 vph
New EBL volume: 70 vph

NBL
EBL
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Therefore, the Synchro 95th queue will be…
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What do the # and ~ symbols mean?

These indicate possible underestimation of the queuing results, and 
further information or study is needed.

Therefore, we will need to take a closer look at the SimTraffic Maximum 
Queue. Nevertheless, we look at the Maximum Queue for all of the lanes.
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SimTraffic Maximum Queue
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Synchro 95th 

Queue (ft) 

SimTraffic Max Queue 

(ft) Number of lanes Existing Storage length  (ft) Proposed Storage length (ft) 

NBL (US 70) #167 160 1 250 250

EBL (Yeargan Rd) #121 115 1 100 125

Recommendations Summary

New 95th Queue and SimTraffic Queue

Synchro 95th 

Queue (ft) 

SimTraffic Max Queue 

(ft) Number of lanes Old Storage length  (ft) New Storage length (ft) 

NBL (US 70) #167 168 1 250 250

EBL (Yeargan Rd) #121 119 1 100 125

*Note: One passenger vehicle is approximately 25 feet
Per Guidelines, minimum turn lane storage length is 100 feet

Feed These Storages Back Into SimTraffic
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Site Development 
and Highway 

Access Classes
https://itre.ncsu.edu/training/highways/

Spring 2020 Classes to be rescheduled 
due to COVID-19

2020 Classes planned for
Charlotte, Raleigh (2), and Winston-Salem
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