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The projects discussed in this presentation were conducted for the Ohio Department of Transportation and the Texas Department of Transportation. The authors also wish to acknowledge the contributions of the other TTI research staff and CSU staff, including numerous graduate and undergraduate students from both Universities.  


Rural One-Lane, Two-Way

Operations

« Must alternate one-way movement of two lanes
« Flaggers typically used to control traffic flow

e Advantages

o Typically available

o Least amount of setup/removal time
e Disadvantages

o Vehicle-flagger conflicts

o Flagger fatigue and stress

o Additional trained personnel for rotatior
o Cannot work if flaggers unavailable
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Presentation Notes
When a lane is closed on a two-lane, two-way road for maintenance activities, provisions must be made to alternate one-way movement of traffic.  In most states, flaggers are positioned at each end of the lane closure to control the flow of traffic because they are readily available and can be implemented and removed fairly quickly.

Since flaggers are positioned on the edge of high speed roads in the transition area where traffic is moved out of its normal path, crashes involving flaggers can result in serious injury or death to the flagger. While the occurrence of vehicle-flagger crashes is rare, these events result in physical, emotional, and financial consequences to the employee and agency.  Recently, the United States Department of Transportation determined (based on 2012 dollars) that the value of a statistical life is $9.1 million, so even one death has a significant impact on society.

Other disadvantages of flagging are:
Flagger fatigue and stress
Need for additional trained personnel for rotation needs
Cannot work if flaggers unavailable


Research Objective

ldentify and evaluate cost effective and
safer alternatives to current temporary traffic
control (TTC) methods used by state agency
maintenance forces without significantly increasing
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Presentation Notes
The main objective of this research was to identify cost effective and safer alternatives to the current procedures and methods used by agencies for rural one-lane, two-way temporary traffic control in maintenance operations, without significantly increasing motorist delay. 


TTC Alternatives Evaluated

Automated Flagger
Assistance Devices
(AFADs)

Signals (PTSs)
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Pilot Vehicle (PV)

Portable Traffic |




How Do Red/Yellow AFADs
work?



Presenter
Presentation Notes
The MUTCD requires the red/yellow AFAD to have a gate arm and a “STOP HERE ON RED” sign. To stop traffic, the red/yellow lens AFAD displays the steadily illuminated circular red lens and the gate arm is in the down position.  When traffic may proceed, the AFAD displays a flashing circular yellow lens and the gate arm is in the upright position.  A change interval must be provided to transition between the display of the flashing circular yellow indication and the display of the steady circular red indication.  The circular yellow lens steadily illuminates and the gate arm remains in the upright position during the change interval. 


How Do Stop/Slow AFADs

work?

Stop Proceed
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Presenter
Presentation Notes
The MUTCD requires a stop/slow AFAD to have a “WAIT ON STOP” sign. A “GO ON SLOW” sign is optional. The gate arm is also optional for this type of AFAD.  The stop sign is displayed when vehicles must stop.  The slow sign is shown when vehicles may proceed.  


AFADs

« Flagger must operate and not leave unattended

e Advantages
o Flaggers located off roadway
o One flagger can operate
o Easier to setup and deploy than PTSs

« Disadvantages
o More expensive if two flaggers retained
o May result in increased intrusions
o Potential for device malfunction
o Device maintenance
o Training in setup/operation
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Presentation Notes
AFADs can be used at each end of the one-lane section. AFADs must be operated by a flagger who has been trained on the operation of the device and the flagger operating the AFAD cannot leave the device unattended at any time while the device is being used. 

Advantages:
- Flaggers can be located off the roadway
- One flagger can operate two AFADs, allowing the other flagger to perform other work duties.  For only one flagger to operate the flagger must have an unobstructed view of both AFADs and approaching traffic in both directions.
Easier to setup and deploy than PTS

Disadvantages:
- More expensive if two flaggers retained
- May result in increased work zone intrusions
- Potential for device malfunction
- Device maintenance
- Training in setup and operation


PTSs

« Replace flaggers

e Advantages
o Vehicle-flagger conflicts removed
o Reduces flagger stress
o Removes need for flagger rotation _
o Flaggers can preform other work duties
o Less potential to be obscured by vehicles
o Clearer signal indications

/ ]'.'_'exas AftMt )
rans ation
B insiitiite


Presenter
Presentation Notes
Portable traffic signals (PTSs), which are self-contained and trailer-mounted, can also be used to control the movement of vehicles through the one-lane section; however, unlike AFADs they do not require the presence of a flagger. PTS can be programmed to operate in a pre-timed or actuated mode.  The advantages of PTSs over the traditional flagger method are:
Improved safety.  Flaggers are removed from the vehicle conflicts at the transition area.  In addition, there is no longer the need to rotate flaggers to prevent fatigue and stress.
Improved productivity.  PTSs allow flaggers to perform other work tasks.  This allows for work to be completed in a timelier manner.  In addition, another work crew may be formed in order to accomplish more work at different locations in the same time period. 
Improved visibility.  PTSs are less likely to be obscured by traffic already stopped at the signal, since it is located 8 to 15 ft above the pavement.  
Improved understanding.  Motorists tend to have a greater familiarity and clearer understanding of traffic signals than flagger directions.


PTSs, cont.

« Disadvantages
o More expensive
o Work zone length limited to < 1 mile
o May result in increased intrusions
o Longer setup time
o Potential for device malfunction
o Device maintenance
0
0

Training and expertise in setup/operation
May increase motorist delay
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Disadvantages:
- More expensive
- Work zone length limited to one mile or less
- May result in increased work zone intrusions
- Longer setup time
- Potential for device malfunction
Device maintenance
Training and expertise in setup and operation
May increase motorist delay


Pilot Vehicle with PTSs

e Advantages
o Control operating speeds within work zone
o Provide positive guidance regarding open travel lane

e 2009 MUTCD

o Allows for a pilot vehicle to be used with PTS

o Requires a flagger on each approach
when a pilot vehicle is used
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In rural areas in Texas, the speed limit on two-lane, two-way roads is typically 70 mph.  Thus, traffic approaching and traveling through lane closures on these roads does so at higher speeds.  Unfortunately, Texas law makes the implementation of a reduced work zone speed limit for routine maintenance activities difficult.  In an effort to control operating speeds within the lane closure, TxDOT maintenance personnel began using pilot vehicles with PTSs.  Pilot vehicles also provide positive guidance with respect to which lane is open for travel.  This is especially important when the work is being performed on both sides of the road (i.e., the open lane changes throughout the duration of the maintenance operation).

While the 2009 MUTCD does not prohibit the use of a pilot vehicle in conjunction with PTSs, it does require that a flagger be stationed on the approach to the activity area where a pilot vehicle is being used to guide the queue of vehicles through the work zone (Section 6C.13, Paragraph 4).
 
A flagger shall be stationed on the approach to the activity area to control vehicular traffic until the pilot vehicle is available. 

Unfortunately, the requirement to have a flagger on each approach negates the following advantages of using PTCSs:
Improving flagger safety by moving them from the transition area to within the work activity area where the pilot vehicle regulates speed and provides path guidance.
Allowing former flaggers to conduct other work, which is especially important as the workforce size decreases.

Based on TxDOT’s desire to utilize PTCSs in conjunction with pilot vehicles without flaggers, TxDOT submitted a request to FHWA to experiment with this type of temporary traffic control.  FHWA approved this request on February 13, 2013.  In 2013, TxDOT contracted with the Texas A&M Transportation Institute (TTI) to assess motorist compliance with pilot vehicles and PTCSs with and without flaggers. 





Overview of Field Studies

Site Al
TTC State S Vehicle
S

Flagger Ohio 6 2390-5120 55 830-3430 913 3206
S Texa 8 220-3650 45-70 460-2570 294 -

S
AFADs  Ohio 6 520-1140 55 /700-1490 733 1442

Texa 16 220-5100 35—-70 300-5280 1414 --
S

PTSs Ohio 3 7180-9230 55 1020-1630 497 5772
-- Unknown
PV with  Texa

8 470-2800 55—70 2160-7480 661 3822
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What We Did

 Observational data

o Stop phase onset time

o Arrival time of first vehicle

o Proceed phase onset time
Total number of vehicles in queue
Whether or not the queue cleared
Total number of violations
Total number of vehicles through

 Documented site characteristics |
o Surveyed ODOT & TxDOT personsss===
e Motorist surveys in Texas only
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The observational data collected at each end of the lane closure included:
The stop phase (red) onset time.
The arrival time of the first vehicle in the queue.
Whether or not the first vehicle in the queue could see any opposing traffic coming through the one-lane section.
Whether or not the first vehicle in the queue could see the end of the queue in the same direction leaving.
The proceed phase (green or flashing yellow) onset time.
The total number of vehicles in queue.
Whether or not the entire queue cleared during the proceed condition.  
The total number of violations per stop period.  NOTE:  If a driver enters the one-lane section incorrectly, actions will be taken to intercept that vehicle.
Whether or not the driver of the first vehicle in the queue complies with the treatment, including a description of their actions.  
If the first vehicle does not comply, document action of other vehicles in the queue.
Document if any other vehicles in the queue do not comply with the treatment, including a description of their actions.
The total number of vehicles that progress through the work zone from each direction.
 
At each site, researchers documented the site characteristics on a written standardized data collection form, with GPS equipment and associated software, in photographs, and with drive-through videos.  Researchers also surveyed ODOT & TxDOT personnel that worked with each TTC method.

Motorist surveys only in Texas.


Performance Measures

 Violation rates
« ODOT & TxDOT personnel opinions

« Implementation and use considerations
« Benefit-cost

« Motorist delay (simulation)
e Motorist comprehension
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Motorist Surveys Main Findings

o Stop/slow AFADs
o Current signs not well understood
o Experimental symbol sign best understood
o Need to require gate arm

« Red/yellow lens AFADs
o Participants understood stop and proceed phases

o Most participants did not understand difference
between flashing and steady yellow signals

o Gate arm critical to understanding
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Stop/slow
For the stop/slow AFADs, researchers found that the current signs were not well understood.  Researchers evaluated several different experimental signs; the one shown here was best understood. For all of the stop/slow AFAD treatments evaluated, a portion of the participants indicated they would have stopped and then proceeded instead of waiting until the AFAD displayed the slow sign.  Therefore, researchers recommended that a gate arm be required with stop/slow AFADs to help ensure that motorists remain stopped and do not proceed until the appropriate time. 

Red/yellow lens
For the red/yellow lens AFAD, participants understood that the steady red signal with the gate arm down meant stop and that the flashing yellow signal with the gate arm up meant to proceed with caution.  However, the majority of the participants did not understand the difference between the flashing and steady signals.  Even so, the use of the gate arm informed participants when to proceed and when to stop; thus, researchers felt that the use of the gate arm was the most critical component to motorist understanding of the red/yellow lens AFAD. 


Texas Violation Rates

Suoplemental Violations Per
TTC Pe Gate Arm 100 Stop
Sign(s)
Cycles

Flagger Not A;‘T'a;j':able Not Applicable 0.0
'RED
Red/Yellow Lens o
Yes

AFAD

STOP No

Yes

2.2
WAIT ) '
Top | |stow
Stop/Slow AFAD SEP Yes

Yes



Presenter
Presentation Notes
Drivers were considered to be non-compliant (or in violation) anytime they passed the treatment (i.e., entered the one-lane section) when a stop indication was displayed. This table shows the violation rate for flaggers and AFADs from one of the Texas studies.  The violation rate represents the number of vehicle violations per 100 stop cycles.  

The field study findings show that the violation rate for AFADs was higher than for flaggers.  (click) The violation rate for the stop/slow AFAD with a WAIT ON STOP sign without a gate arm (minimum requirements in the MUTCD) was the highest and was significantly higher than the violation rate for the red/yellow lens AFAD (which requires a gate arm). (click)  Adding a gate arm to this stop/slow AFAD decreased the violation rate such that it was not significantly different from the red/yellow lens AFAD.  Once a gate arm was added to the stop/slow AFAD, the supplemental signs evaluated did not appear to impact compliance.  However, the experimental symbol sign shown on the previous slide did increase motorist understanding that the stop sign would change to a slow sign when they were allowed to proceed. 




Ohio Violation Rates

Violations Per
JRLS 100 Stop Cycles

2 Flaggers 0.1

2 Flaggers with
2 Red/Yellow Lens 0.0
AFADs

1 Flagger with
2 Red/Yellow Lens 0.5
AFADs

*Significantly?difSrent from flagyidg operation.
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Presentation Notes
Drivers were considered to be non-compliant (or in violation) anytime they passed the treatment (i.e., entered the one-lane section) when a stop indication was displayed. This table shows the violation rate for each treatment.  The violation rate represents the number of vehicle violations per 100 stop cycles.  

All of the drivers, except one, complied with the flagger’s instructions yielding a violation rate of 0.1 violations per 100 stop cycles.  The driver that did not comply with the flagger was approaching at a high rate of speed and must not have seen the flagger until it was too late to stop at the appropriate location.  The vehicle did come to a stop downstream of the flagger inside the lane closure.  After a moment, the vehicle reversed back to the flagger and waited until told to proceed.  Luckily, the flagger was able to move out of the way and was not hurt.

At another site, a truck towing a trailer was approaching the flagger at a high rate of speed.  The driver tried to slam on the brakes and stop but could not.  The flagger, realizing the truck could not stop, communicated via radio with the other flagger and was able to allow the vehicle to proceed (i.e., changed from stop sign to slow sign).  While this instance was not counted as a violation, it is another example of the “close-calls” that occur with flaggers in the field.

All of the drivers complied with the red/yellow lens AFADs when a flagger was located near each device; thus, the violation rate was zero.  When only one flagger was operating the red/yellow lens AFADs, three violations occurred.  In two instances, the first vehicle in queue decided to enter the one-lane section when the AFAD was displaying a steady circular red indication even though they could see the work activity and the other end of the lane closure from where they were stopped.  Work personnel stopped these vehicles before a vehicle-vehicle conflict occurred.  The third violation was a passenger vehicle that could see the end of the queue traveling in the same direction a short distance down the road.  Instead of stopping, the driver went around the gate arm and joined the queue of vehicles traveling through the one-lane section. 

Surprisingly, the violation rate for the PTSs was 47.1 violations per 100 stop cycles, which was significantly different from the violation rate for the flagger method. However, these devices were used on higher volume roadways resulting in an average vehicle queue lengths five to ten times longer than the other methods.  Even though the green time was altered in the field, many times throughout the day queues would form that could not be cleared within one cycle.  This scenario resulted in many drivers deciding to follow the queue into the one-lane section after the PTS changed to a steady circular red indication (i.e., drivers did not want to wait for the next cycle to proceed). These findings show the importance of utilizing a proper green time (i.e., one that allows the entire traffic queue present during the stop phase to clear during the following proceed phase almost all of the time). Researchers believe that further use of PTSs and training will increase the work crew’s familiarity with the devices and the fixed-time settings and thus improve operations and reduce end-of-green violations.


More Texas Violation Data

Violations Per
100 Stop Cycles

Could Not
Followed
Queue See Total
Queue
PTSs With Flagger 14.9*
PTSs Without 13.9*
Flagger
Total 14.4

*No significant difference between scenarios.
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Presentation Notes
This table contains the violation statistics for each treatment. Researchers defined a violation as a driver that passed the portable traffic control signal (i.e., entered the one-lane section) when a steady circular red indication was displayed.  The violation rate in this table represents the number of violations per 100 stop cycles.  

Surprisingly, the violation rate for the portable traffic control signals with a flagger (14.9) was higher than when a flagger was not present (13.9); although this difference was not found to be significantly different.


More Texas Violation Data

Violations Per
100 Stop Cycles

Could Not
Followed
Queue See Total
Queue

PTSs With Flagger 14.6 0.3 14.9*

PTSs Without 116 11 13.9*
Flagger

Total 13.0 0.8 14.4

*No significant difference between scenarios.
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The majority of all violations for both treatments (91 percent) occurred when the portable traffic signal changed from a steady circular green indication to a steady circular yellow indication, and then to a steady circular red indication and were either:
Vehicles in queue during the previous stop phase that were going to be stopped again.
Vehicles approaching the portable traffic control signal at higher rates of speed.

When a flagger was present, typically he would wave vehicles in these two situations through even though the portable traffic control signal was displaying a steady circular red indication.  Even though the flagger directed the drivers to proceed, these actions were considered violations in order not to bias the treatment with a flagger.  In all of these cases, the non-compliant driver could see the end of the queue going in the same direction a relatively short distance ahead.

The remaining violations (9 percent) occurred when the portable traffic control signal was displaying a steady circular red indication.  These violations occurred when a vehicle in queue decided to proceed into the work zone when it was not allowed.  Both times this occurred, the non-compliant driver could not see the end of the queue going in the same direction or opposing vehicles approaching.  These non-compliant drivers were stopped by the flagger, pilot vehicle driver, or other TxDOT personnel.  Unfortunately, the sample size for these violations is so small that statistics cannot be used to determine if there is a significant difference between these violations with and without a flagger.  NOTE:  We observed 3822 vehicles, less than 1% of the vehicles.

It should also be noted, that this type of violation may occur when a portable traffic control signal is used without a pilot vehicle (i.e., when a flagger is not required).  Without a pilot vehicle or flagger the violator could meet an oncoming vehicle before TxDOT personnel are aware of the situation.  In contrast, since the pilot vehicle leads the vehicle platoon through the lane closure the pilot vehicle driver can always be alert for violators and direct traffic as needed to avoid a collision and resolve the situation. 


AFAD Lessons Learned

 Slight signal delay from remote to device

« Slower response to arriving vehicles
o Adjusted minimum red times
o May need shorter minimum green times
o Leave direction 1 “green” if no traffic in direction 2

« STOP HERE ON RED signs mounted at 5 ft

o Sometimes hard to setup due to terrain
o Can block view of AFAD
o Crew preferred sign on AFAD
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The first two issues shown here arose during the first week of use, but since that time the devices have been working properly. 

The first issue dealt with the slight signal delay from the remote to the devices.  For the AFADs purchased on this project, the flagger had to press and hold the button for three seconds until the light-emitting diode (LED) confirmation light was activated.  After more use, the flaggers became accustomed to the procedure and there were no further concerns. 

During the first week of use, the flaggers and research team also noticed that it took longer to respond to vehicles arriving right after the stop phase was initiated.  Sometimes a flagger would allow a vehicle to proceed, place the AFAD back in the stop phase, and then another vehicle would arrive.  When using a STOP/SLOW paddle this vehicle can quickly be allowed to proceed (after communicating with the other flagger).  The initial minimum red and green times (4 seconds and 7 seconds, respectively) made it difficult to quickly change the AFAD back to the proceed phase.  Researchers adjusted the minimum red time to 1 second since AFADs must be controlled by at least one flagger who ensures that all traffic from one direction of travel is clear before allowing the opposite direction to proceed.  The minimum green time could not be reduced below 7 seconds.  This slight change did seem to improve the AFADs’ responsiveness in this type of situation. 

The third issue dealt with the supplemental STOP HERE ON RED signs. According to ODOT, the STOP HERE ON RED sign used with the AFADs had to be mounted such that the bottom of the sign was 5 ft above the near edge of the pavement.  Depending on the terrain, locating this sign on a portable stand such that it would stay in position and not block the AFAD was difficult.  The AFADs purchased on this project came with a STOP HERE ON RED sign mounted on each device, but it was not at the correct height.  Even so, ODOT personnel preferred to use the signs mounted on the AFADs because it was less cumbersome and quicker to setup and required two less sign stands.  ODOT should work with AFAD manufacturers to determine if the AFAD design could be modified to accommodate a 5 ft STOP HERE ON RED sign.


PTS Lessons Learned

e Shoulder width and terrain limit locations where
PTSs can be used

 May need to adjust green and/or red times in
field

o Requires training and some expertise



Presenter
Presentation Notes
ODOT personnel only used the PTSs for a limited time, so they did not become as comfortable with these devices.  In addition, the PTSs took longer to setup than the AFADs and the larger footprint of the PTSs limited their use to roadways with shoulders and/or gentle side slopes.  The PTSs rented for this project were fairly simple to use; however, the ease of use is manufacturer dependent.  The operation of PTS does take a higher level of expertise to ensure that the signal timing implemented is appropriate for conditions.  As such, more extensive training is required.

ODOT personnel should check and set the controller settings at the office before going into the field. Both the traffic volume and the work zone length should be considered when determining the fixed-time settings. Once in the field, the operation of the PTS should be observed and the minimum green time increased as needed to prevent cycle failure (i.e., when the minimum green time is insufficient to clear a queue within one cycle).  This will help minimize the impact of PTSs on motorist delay and reduce the number of violations that occur at the end of the green phase. The red time can also be changed as needed to ensure that all vehicles clear the one-way section.



Pilot Vehicle Lessons Learned

 Need to select adequate green time to ensure all
vehicles in queue clear

 Researchers developed quick and easy tool
Number of Number of Passenger Cars
Comunercial Vehicles 0 1 2 3 4 S 6 7 8 9 10
0 4 6 8 10 12 14 16 18 20 22 24
1 9 11 13 15 17 19 21 23 25 27 29
2 14 16 18 20 22 24 26 28 30 32 34
3 19 21 23 25 27 29 31 33 35 37 39
4 24 26 28 30 32 34 36 38 40 42 14
5 29 31 33 35 37 39 41 43 45 47 49
6 34 36 38 40 42 44 46 48 50 52 54
7 39 41 43 45 A7 49 51 53 55 57 59
8 44 46 48 50 52 54 56 58 60 62 64
9 419 51 53 55 57 59 61 63 65 67 69
10 54 56 58 60 62 64 66 68 70 72 74
Use 30-second preset green time
Use 60-second preset green tine
Use 90-second preset green tine
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In an effort to provide pilot vehicle drivers, especially those with less experience, an initial estimate of the minimum green time needed to clear the vehicle queue at the portable traffic signal, researchers developed a quick and easy tool. All a pilot vehicle driver has to do is count the number of axles in the queue and add four seconds to get an estimate of the minimum green time needed to clear the queue. The pilot vehicle driver then rounds up to the nearest preset green time option. Since a variety of site-specific conditions can impact the minimum green time needed to clear the queue, pilot vehicle drivers should watch traffic and choose a higher preset
green time as needed in order to minimize the queue length and driver wait time.


Device Recommendations

o Use red/yellow lens AFADs and PTSs,
when appropriate for conditions

o Improves flagger safety
o Increases work crew productivity
o Does not significantly increase motorist delay

e Pilot vehicles with PTSs should be allowed
o No need for flagger
 Traditional flagging should still

be used where these devices
are not suitable
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Based on the findings of this research, the research team recommended that red/yellow lens AFADs and PTS systems be used, when appropriate, to control traffic approaching the one-lane section of a two-lane highway.  These devices improve the safety of the flaggers and increase work crew productivity without significantly increasing motorist delay. Traditional flagging procedures should still be used at maintenance operations where these devices are not suitable due to work duration or other site/work characteristics.


Device Recommendations,

cont.

« AFADS best suited for...

o Short-term stationary operations lasting a few hours
to 1 day

o Narrow roadways with limited to no shoulders

 PTSs best suited for...

Activities that last at least half a day
Nighttime only work

Multiple day work

Higher volume roadway with shoulders and
relatively flat side slopes
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AFADs are most suitable for short-term stationary operations that last a few hours up to one day.  Due to their smaller size, AFADs are best suited for narrow roadways with limited to no shoulders.  

As the work duration increases, PTSs become a viable option.  Due to the additional time it takes to deploy and setup PTSs, the work activity should last at least a half a day.  In addition, PTSs are preferable to flaggers for work activities that include nighttime work or work that will take multiple days.  Due to their larger size, PTSs are best suited for higher volume roadways with shoulders and relatively flat side slopes. 


Report Information

« TXDOT Project 0-6407 (Flaggers & AFADS)
o http://tti.tamu.edu/documents/0-6407-1.pdf
o TRB Journal No. 2337, pp. 1-8

« TXDOT Project 9-1001-14 (PTSs & PVs)
o http://tti.tamu.edu/documents/9-1001-14-1.pdf

« ODOT Project 134846 (Flaggers, AFADs, & PTSs)

o http://www.dot.state.oh.us/Divisions/Planning/SPR/Rese
arch/reportsandplans/Pages/MaintenanceReports.aspx
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Contact Information

Melisa D. Finley, P.E.
TTI

Research Engineer
979-845-7596
m-finley@tti.tamu.edu
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