
Module 5
Selecting Left Turn Phasing for 
Various Traffic Volume Conditions
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[bookmark: _Toc254502714]Introduction
[bookmark: _Toc254502715]Purpose 
In previous laboratories, you focused primarily on the operation of the through movements at a signalized intersection.  While left turn phasing was considered, we paid little attention to the type of left turn phasing and its effect on the operations of the intersection.

In Module 5, you will explicitly consider several left turn phasing types, including:
Permitted left turn phasing
Protected left turn phasing
Protected plus permitted left turn phasing

You will learn how, under various volume conditions, each type of left turn phasing performs.
[bookmark: _Toc254502716]Goals and Learning Outcomes
The goal of Module 5 is to determine the appropriate left turn phasing for a given volume condition.

When you have completed Module 5 you will:
Be able to compare the performance of different left turn phasing alternatives.
Be able to describe the efficiency of different left turn phasing alternatives.
Be able to determine an efficient left turn treatment.
[bookmark: _Toc254502717]
Organization and Time Allocation
Module 5 includes four lessons; the approximate time allocated to each is listed Table 1.

[bookmark: _Ref187062987]Table 1 Laboratory sections and approximate completion times
	Lesson
	Title
	Approximate Time (min)

	
	Introduction
	5

	1
	Permitted left turn operations
	20

	2
	Comparing permitted and protected left turn phasing
	20

	3
	Comparing protected/permitted and protected left turn phasing
	20

	4
	Design exercise- determining appropriate left turn treatment
	30

	
	Closure: Summary of key points learned
	15



[bookmark: _Toc254502718]Lesson #1: Permitted Left Turn Operations
[bookmark: _Toc254502719]Learning Outcome
Be able to determine the efficiency of permitted left turn operations under various opposing through traffic volumes.
[bookmark: _Toc254502720]Overview
In this experiment you will observe the operation of State Highway 8 and Line Street, focusing on the left turn operations on State Highway 8. An aerial view of the intersection, looking toward the south, is shown in Figure 1. State Highway 8 has two through lanes in each direction, while Line Street has one through lane in each direction.

The left turn phasing that you will observe is called “permitted,” since the left turn traffic is allowed or permitted to complete their turning maneuver only if there is a safe or acceptable gap in the opposing through traffic.  If an inadequate number of gaps in the opposing through traffic present themselves, the quality of the left turn operations will deteriorate.

Two cases will be considered here, with two different opposing through volumes.  In the first case, the opposing through movement is 800 vehicles per hour.  In the second case, the opposing through movement is 1450 vehicles per hour. In both cases, the left turn movements are 100 vehicles per hour.  The minor street movements (NB and SB through movements) have the same volume, 600 vehicles per hour.

Figure 2 shows the ring diagram for both cases.  The permitted left turn movements are indicated with dashed lines.
[image: ]
[bookmark: _Ref187167166]Figure 1 Aerial photograph, State Highway 8 and Line Street
[image: ]
[bookmark: _Ref186909009]Figure 2 Ring diagram showing permitted left turn phasing, [5]
[bookmark: _Toc254502721]
Questions to Consider
As you begin this experiment, consider the following questions.  You will come back to these questions once you have completed the experiment.
How does the opposing volume affect the quality of the left turn permitted operation for each of the two cases? 
What change to the phasing plan would you consider, if any, to improve the quality of the operation for case 2?
[bookmark: _Toc254502722]List of Steps
You will follow these steps during this experiment:
Open the movie file. 
Observe the operation of the two cases.






[bookmark: _Toc254502723]Running the Experiment
Step 1. Open the movie file.
Locate the “MOST input files” folder.
Go to the “Lab5” folder, then the “Exp1” folder.
Open the file: “lab5-exp1.wmv.”

Step2. Observe the operation of the two cases.
Observe the relative size of the gaps in the through traffic on State Highway 8. (See Figure 3.)
Observe the EBLT and WBLT vehicles as they first wait, and then accept gaps in the opposing through traffic.  Note the relative size of the queues that form in both cases.
Prepare a brief summary of the performance of the left turn movements for each case using the box at right.  Consider the relative size of the queues that form and the relative delay experienced by the left turn movements.


[image: ]
[bookmark: _Ref208738593]Figure 3 Animation for Experiment #1
	Observations:
For case 1:






For case 2:









[bookmark: _Toc254502724]
Considering the Questions
Let’s now consider the questions that were presented at the beginning of this experiment.
How does the opposing volume affect the quality of the left turn permitted operation for each of the two cases? 
What change to the phasing plan would you consider, if any, to improve the quality of the operation for case 2?

Take a few minutes to review each question and write brief answers to each question in the box on the right based on your observations from this experiment.



	Answers to questions:






































[bookmark: _Toc254502725]Lesson #2: Comparing Permitted And Protected Left Turn Phasing
[bookmark: _Toc254502726]Learning Outcome
Understand that protected LT phasing is more efficient than permitted LT phasing under some conditions.
[bookmark: _Toc254502727]Overview
In the previous lesson, you considered the efficiency of permitted left turn operations.  You saw that high opposing through volumes could seriously degrade the quality of permitted left turn operations.  One option to improve the left turn operation is to change the phasing from permitted to protected.  Figure 4 illustrates the ring diagram for full LT protection.

In this experiment you will again observe the LT operation on State Highway 8.  Both cases that you will observe have through volumes of 1450 vehicles per hour and LT volumes of 100 vehicles per hour.  The only difference is in the LT phasing.  Case 1 is permitted LT phasing (similar to case 2 in Experiment #1) while case 2 is protected LT phasing.
[bookmark: _Toc254502728]Questions to Consider
As you begin this experiment, consider the following question.  You will come back to this question once you have completed the experiment.
How does changing from permitted to protected left turn phasing affect the LT operation and the operation of the entire intersection?
[bookmark: _Toc254502729]
List of Steps
You will follow these steps during this experiment:
Open the movie file.
Observe the operation of the two cases. 

[image: ]
[bookmark: _Ref187062197]Figure 4 Ring diagram for protected left turn phasing, [5]



[bookmark: _Toc254502730]Running the Experiment 
Step 1. Open the movie file.
Locate the “MOST input files” folder.
Go to the “Lab5” folder, then the “Exp2” folder.
Open the file: “lab5-exp2.wmv.”

Step2. Observe the operation of the two cases
Observe the LT vehicles on the EB and WB approaches for case 1 (permitted LT) and case 2 (protected LT).  Observe the queue length for the EBLT and WBLT movements for case 1 and the waiting time for those vehicles. Observe the same vehicles in case 2 and notice how all vehicles are served during the protected LT. (See Figure 5.)
Summarize your observations in the box on the right.
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[bookmark: _Ref208738560]Figure 5 Animation for Experiment #2
	Observations:



















[bookmark: _Toc254502731]
Considering the Questions
Let’s now consider the question that was presented at the beginning of this experiment.
How does changing from permitted to protected left turn phasing affect the LT operation and the operation of the entire intersection?

Take a few minutes to review this question and write a brief answer to the question in the box on the right based on your observations from this experiment.



	Answer to question:





































[bookmark: _Toc254502732]Lesson #3: Comparing Protected/Permitted And Protected Left Turn Phasing 
[bookmark: _Toc254502733]Learning Outcome
Understand the trade-offs and relative efficiencies between protected/permitted and protected left turn phasing.
[bookmark: _Toc254502734]Overview
In the previous experiments, you considered permitted and protected left turn phasing. Protected left turn phasing offers some benefits over permitted LT operations, such as reduced LT delay when opposing through volumes are high, but at the expense of increasing delay for other movements.  In this experiment you will consider another type of LT treatment, protected plus permitted phasing.  In this type of treatment, left turn movements have two separate green intervals, protected operations followed by permitted operations.

Protected/permitted phasing is shown in the ring diagram in Figure 6.

In this experiment, you will perform tasks similar to what you did in Experiment #1. You will observe the same intersection, State Highway 8 and Line Street, when it operates with protected and protected/permitted left turn phasing.

Traffic volumes for all movements are the same as for the previous experiment except for EBLT and WBLT. 
EBTH and WBTH: 1450 vph
EBLT and WBLT: 200 vph.

[bookmark: _Toc254502735]Questions to Consider
As you begin this experiment, consider the following question.  You will come back to this question once you have completed the experiment.
Why do the EBLT and WBLT movements have lower delay when they are operating as protected/permitted phasing as compared to the protected left turn case?
[bookmark: _Toc254502736]List of Steps
You will follow these steps during this experiment:
Open the movie file.
Observe the operation of both simulations.
[image: ]
[bookmark: _Ref209340680]Figure 6 Ring diagram for protected/permitted left turn phasing



[bookmark: _Toc254502737]Running the Experiment 
Step 1. Open the movie file.
Locate the “MOST input files” folder.
Go to the “Lab5” folder, then the “Exp3” folder.
Open the file: “Lab5-exp3.wmv.”

Step2. Observe the operation of both simulations.
Observe the left turn vehicles on the EB and WB approaches for case 1 (protected LT) and case 2 (protected/permitted LT).  (See Figure 7.)
Observe vehicles that are served during the permitted phase in case 2 but are still waiting for the protected phase in case 1.
Observe the queue length for both cases.
Summarize your observations in the box on the right.



[image: ]
[bookmark: _Ref214967236]Figure 7 Animation for Experiment #3

	
Observations:

















[bookmark: _Toc254502738]Considering the Questions
Let’s now consider the question that was presented at the beginning of this experiment.
Why do the EBLT and WBLT movements have lower delay when they are operating as protected/permitted phasing as compared to the protected left turn case?

Take a few minutes to review this question and write a brief answer to the question in the box on the right based on your observations from this experiment.



	Answer to question:





































[bookmark: _Toc254502739]Lesson #4: Design Exercise- Determining Appropriate Left Turn Treatment
[bookmark: _Toc254502740]Learning Outcome
Be able to select an efficient treatment for left turn movements.
[bookmark: _Toc254502741]Overview
In the previous experiments, you learned about three different left turn treatments and factors that affect the most appropriate treatment for a given set of volumes conditions: 
Permitted left turn only
Protected left turn only
Protected/permitted left turn

In this experiment, you will determine the appropriate left turn treatment for a new set of volume conditions.  The volume for EB and WB through movements is 1000 vehicle per hour.  The volume is 75 vehicles per hour for the EBLT while the volume for the WBLT is 150 vehicles per hour. You will observe each simulation file and record data to be able to judge which left-turn treatment provides the most efficient operation.
[bookmark: _Toc254502742] 
Questions to Consider
As you begin this experiment, consider the following questions.  You will come back to these questions once you have completed the experiment.
What did you observe for the queue length for each movement in each simulation?
What did you observe for the cycle length for each simulation? Why is there a variation for each left turn treatment?
Based on your observations, which left turn treatment would be the most efficient? 
What are the indicators of inefficient left turn operations and what are the indicators of efficient operations?
[bookmark: _Toc254502743]List of Steps
You will follow these steps during this experiment:
Start the MOST software tool and open the permitted left turn simulation file.
Observe the simulation of permitted left turn treatment for both intersection approaches.
Start the MOST software tool and open the protected left turn simulation file.
Observe the simulation of protected left turn treatment for both intersection approaches.
Start the MOST software tool and open the protected/permitted left turn simulation file.
Observe the simulation of protected/permitted left turn treatment for both intersection approaches.



[bookmark: _Toc254502744]Running the Experiment
Step 1. Start the MOST software tool and open the permitted left turn simulation file.
Start the MOST software tool and select “Open File.”
Locate the “MOST input files” folder.
Go to the “Lab5” folder, then the “Exp4” folder.
Open the file: “lab5-exp4-permitted.inp.”

This file uses permitted LT treatment for the EBLT and WBLT movements.

Step 2. Observe the simulation of permitted left turn treatment for both intersection approaches.
Set “Pause At” to t = 65.
Start the simulation using the “Run Mode” button.
When the simulation reaches t = 65, use the “Run Mode Single Step” button to forward the simulation by 0.1 second. This will allow you to more easily observe and collect the required data. 
Record the number of vehicles standing in the queue at the beginning of green for each movement for two cycles. Use Table 2 to record your data.
The green for cycle 1 starts at t = 67.2 seconds. Keep using the “Run Mode Single Step” button and when the green indication appears on an approach for any movement, record the number of vehicles standing in queue on this approach at that time. Collect data for cycle 2 as well, which starts at t = 116.7 seconds.
When you have completed the data collection, stop the simulation.




[bookmark: _Ref214783366]Table 2 Queue lengths at the beginning of green for permitted left turn
	Movement
	Number of vehicles in queue at the beginning of green

	
	Cycle 1 
t = 67.2 sec
	Cycle 2 
t = 116.7 sec

	EBTH
	
	

	WBTH
	
	

	SBTH
	
	

	NBTH
	
	

	WBLT
	
	

	EBLT
	
	





Step 3. Start the MOST software tool and open the protected left turn simulation file.
Start the MOST software tool and select “Open File.”
Locate the “MOST input files” folder.
Go to the “Lab5” folder, then the “Exp4” folder.
Open the file: “lab5-exp4-protected.inp.” 

This file uses protected LT treatment for the EBLT and WBLT movements.

Step 4. Observe the simulation of protected left turn treatment for both intersection approaches.
Set “Pause At” to t = 60.
Start the simulation using the “Run Mode” button.
When the simulation reaches t = 60, use the “Run Mode Single Step” button to forward the simulation by 0.1 second. This will allow you to more easily observe and collect the required data. 
Record the number of vehicles standing in queue at the beginning of green for each movement for the two cycles. Use Table 3 to record your data.
The green time for cycle 1 starts at t= 60.9 seconds. Keep using the “Run Mode Single Step” button and when the green indication appears on an approach for any movement, record the number of vehicles standing in queue on this approach at that time. Then collect data for cycle 2 as well which starts at t = 141.4 seconds.
When you have completed the data collection, stop the simulation.



[bookmark: _Ref214784399]Table 3 Queue lengths at the beginning of green for protected LT
	Movement
	Number of vehicles in queue at the beginning of green

	
	Cycle 1 
t = 60.9 sec
	Cycle 2 
t = 141.4 sec

	EBTH
	
	

	WBTH
	
	

	SBTH
	
	

	NBTH
	
	

	WBLT
	
	

	EBLT
	
	





Step 5. Start the MOST software tool and open the protected/permitted left turn simulation file.
Start the MOST software tool and select “Open File.”
Locate the “MOST input files” folder.
Go to the “Lab5” folder, then the “Exp4” folder.
Open the file: “lab5-exp4-protected permitted.inp.” 

This file uses protected/permitted LT treatment for the EBLT and WBLT movements.

Step 6. Observe the simulation of protected/permitted left turn treatment for both intersection approaches.
Set “Pause At” to t =60.
Start the simulation using the “Run Mode” button.
When simulation has reached t =60, use the “Run Mode Single Step” button to forward the simulation by 0.1 second. This will allow you to more easily observe and collect the required data. 
Record the number of vehicles standing in queue at the beginning of green for each movement for two cycles. Use 
Table 4 to record your data.
The green time for cycle 1 starts at t = 61.0 seconds. Keep using the “Run Mode Single Step” button and when the green indication appears on an approach for any movement, record the number of vehicles standing in queue on this approach at that time. Then collect data for cycle 2 as well which starts at t = 131.6 seconds.
When you have completed the data collection, stop the simulation.

[bookmark: _Ref214784375]

Table 4 Queue lengths at the beginning of green for protected/permitted LT
	Movement
	Number of vehicles in queue at the beginning of green

	
	Cycle 1 
t = 61.0 sec
	Cycle 2 
t = 131.6 sec

	EBTH
	
	

	WBTH
	
	

	SBTH
	
	

	NBTH
	
	

	WBLT
	
	

	EBLT
	
	





[bookmark: _Toc254502745]Considering the Questions
Let’s now consider the questions that were presented at the beginning of this experiment. 
What did you observe for the queue length for each movement in each simulation?
What did you observe for the cycle length for each simulation? Why is there a variation for each left turn treatment?
What are the indicators of inefficient left turn operations and what are the indicators of efficient operations?
Based on your observations, which left turn treatment would be the most efficient? 

Take a few minutes to review each question and write brief answers to each question in the box on the right based on your observations from this experiment.



	Answers to questions:





































[bookmark: _Toc254502746]Closure: Summary Of Key Points Learned
In this module, you considered various left turn phasing options and what conditions might be appropriate for permitted phasing, protected phasing, and a combination of protected plus permitted phasing.

In Lesson #1, you observed the operation of permitted left turns with two different opposing volumes.  In Lesson #2, you compared the performance of permitted and protected left turn phasing.  When opposing volumes are high enough, protected left turn phasing is sometimes needed.  In Lesson #3, you learned that protected plus permitted phasing can provide an improvement in intersection performance.

Finally, in Lesson #4, you experimented with the three types of left turn phasing and identified the one that provided the best operation, given a set of volume conditions.  While the permitted LT case provides the most efficient treatment for the intersection as a whole and for all through movement, it is not the most efficient operation for left turn movements.  For specific situations that you encounter, it is important to consider both the operation of the left turn movement as well as the operation of the other movements that need to be served at the intersection.


[bookmark: _Toc246058929][bookmark: _Toc251932461][bookmark: _Toc252537588]

[bookmark: _Toc254502747]Glossary
Standard definitions for traffic signal terminology are provided by the National Electrical Manufacturers Association (NEMA) [9] and by the National Transportation Communications for ITS Protocol (NTCIP) 1202 document, “Object Definitions for Actuated Traffic Signal Controller Units” [2]. Definitions are also provided in the Federal Highway Administration’s Traffic Signal Timing Manual [5]. The definitions presented here are adapted from these sources.

	Term
	Definition

	Protected/Permitted Left-Turn Phasing: 

	A type of left turn phasing that is a combination of protected and permitted left turn phases. In this type of operation, drivers have right-of-way during the protected phase but can complete their maneuver on the permitted phase as opposing through movements permit.

	Leading Left Turns:  

	A traffic phase serving a left turn movement whose green leads the opposing through phase green.

	Permitted Left-Turn Phasing: 

	A type of left turn phasing such that drivers must yield to opposing through traffic until safe gaps in the opposing traffic become available.

	Protected Left-Turn Phasing: 


	A type of left turn phasing such left turning drivers have exclusive right of way.  A green arrow is usually displayed to indicate protected left turn phasing.
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