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First we will cover a brief introduction to speed harmonization and peak period 
shoulder use.
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The following slides will address these questions three topics.

3



4



5



6



Benefits and motivations for implementing speed harmonization and peak period 
shoulder use are shown in the table above.  The information presented is based on 
a trip sponsored by FHWA to visit European countries using these technologies.
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Why discuss the completed research…..

1) It is the foundation for the content in the project handbook.
2) It provide valuable background information for understanding the material in the 

project handbook.
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First we’ll discuss the synthesis of past experiences.
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Continued from the previous slide (harmonization)
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Continued from the previous slide (shoulder use)
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-The control strategy here was to reduce speed from 60 mph to 35 mph once the 
occupancy reached 0.35. 
- Left: before speed harmonization. Right: after speed harm.

19



-The control strategy here was to reduce speed from 60 mph to 35 mph once the 
occupancy reached 0.35. 

20



-The control strategy here was to reduce speed from 60 mph to 35 mph once the 
occupancy reached 0.35. 

21



22





24



25



Are these software names ok?
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Shown above is the overall framework for the multi-resolution approach.
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Mathematical and empirical flow-density curve for a section of the I-880S in 
California (adopted from Dervisoglu et al., 2009). 
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-q(r) is the flow in segment r, c(r) is the capacity of segment r.  Note that the 
selection of a speed for segment r induces a q(r).
-In step 3, since the algorithm is offline, it is assumed to be known when the flows 
reduce to normal conditions (i.e. at a fixed time). 
-The speed selection in Step 2 can be accomplished in various ways, both 
subjectively (e.g. based on engineering judgement) as well as objectively (e.g. via 
simulation). We used microsimulation.
- Since model is offline, it is recommended that the operator at the TMC checks the 
new speed limits first before posting, to account for factors such as visibility, 
pavement conditions etc.
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Example of offline algorithm. If section 3 is known to be bottleneck in the morning 
peak period, say, then every morning we reduce the speed on segments 1 and 2. 
For example, if the capacity of segment 3 (the bottleneck) is 1700 vph, then we 
choose a speed on segment 1 and 2 such that the flow into segment 3 is less than 
its capacity. The exact speed to choose is determined via simulation.
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Some examples shoulder use. Again, the table has been copied from kick-off 
meeting PPT
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Some real-world examples of Speed harmonization. Copied this from the kick-off 
meeting
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Here we try to argue that simple is as good as fancy algorithms. In this way, the 
algorithm will be much easier to implement in VISSIM.
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~= means “about equal”

Remarks:
• Although it is possible to use reported values for Tmin in the literature (e.g. Lee et 
al, 2004 suggest a value between 5 to 10 min; Abdel-Aty et al (2006) recommends a 
value of 10 min), we adopt micro-simulation to experimentally determine the optimal 
intervention duration as it is our believe that T i is dependent on the specificintervention duration as it is our believe that Tmin is dependent on the specific 
configuration of the freeway (e.g. spacings between gantries).

• Note that when for a given iteration of the algorithm no segment satisfies the 
condition q(k) ~= c0(k), then the speed limit will be returned to its original value.

• As in the offline algorithm, the speed selection can be accomplished in various 
ways, both subjectively (e.g. based on engineering judgement) as well as 
objectively using the fundamental diagrams. We prefer the latter method. We use 
microsimulation to select “optimal” speed limits.

• Note that in a given iteration, s(k) is a non-increasing sequence. That is, once the 
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speed limit of a given section has been lowered, the algorithm ensures that (in the 
same iteration) subsequent speed limit modifications are such that the speed limit 
can only be further reduced on the section in question. This prevents that the 
lowering of speed limits in support of downstream bottleneck i are cancelled when 
we consider bottleneck i-m, where 0 < m < i.



This is based on FHWA’s European tour on ATM strategies.
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Specific values
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Source picture: FHWA (2007) European scan tour report.
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The resources listed are self explanatory.

Key Assumptions –
•The peak period shoulder under congested conditions and operating speeds are 
critical to allowing for a less than 12-foot wide lane width for the shoulder lane.  
Higher operating speeds would likely require a wider shoulder laneHigher operating speeds would likely require a wider shoulder lane.
•Each candidate corridor needs to be considered individually – every corridor will 
have existing design nuances and unique characteristics that will require specific 
design plans.  Design plans specific to each corridor should be developed to 
ensure the freeway geometry when the shoulders are used as travel lanes remains 
consistent with driver expectations and fits into the self-explaining roadway 
designdesign.
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Each of these were covered in the tech memo.  The following set of slides highlights 
the important features regarding each topic.
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Shoulder Lane Width:

Based on TxDOT Roadway Design Manual for urban and suburban arterials 
(Chapter 3, Sections 2 and 3) and the assumed operating conditions (i.e. speeds 35 
mph or less), a minimum lane width of 10 feet could be considered permissible for 
the shoulder lanes if heavy vehicle volumes are low or heavy vehicles are restrictedthe shoulder lanes, if heavy vehicle volumes are low or heavy vehicles are restricted 
from using the shoulder lanes.  To allow heavy vehicles to use the shoulder lanes, a 
width of at least 11 feet is desirable.  A width of 11 feet for the shoulder lanes would 
provide approximately a 15-inch lateral distance on both sides of a typical heavy 
vehicle (width of 8.5 feet) between the vehicle and the edge of the shoulder travel 
lane.

Acting Shoulder:

The 2- to 4-foot acting shoulder will provide lateral support to the shoulder lane as 
well as a shy distance or lateral buffer zone for vehicles to avoid medians, drainage 
facilities, and other roadside features beyond the paved cross-section.   
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Pavement:

•We recommend upgrading the structural composition of the pavement for the shoulder 
lanes to be consistent with the mainline lanes particularly if the shoulder lanes will be used 
during peak hours each weekday (i.e. shoulder pavement should be full depth).  
•In highly congested areas, this could be as frequent as 4 to 6 hours per day, five days per 
week.  
•At most this would account for 65 days in one year or 1/5th of the calendar year; therefore, 
upgrading the structural integrity of the shoulder lanes could be accomplished through an 
existing freeway maintenance schedule.  
•The slope of shoulders should be 2% or less for driver comfort.

Transition Areas:

•Transition areas are the areas in which the shoulders are added (i.e. opened to vehicles 
for use) as travel lanes and dropped as travel lanes.  
•Adding at 10 to 1 rate – Effectively open the shoulder for use over a distance of 100 feet.  
•Dropping at 50 to 1 rate –
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•Consistent with the taper rates cited in the TxDOT Roadway Design Manual, 
Chapter 3, Section 6 for merging traffic from entrance ramps with the freeway 
mainlines.  
•Sufficient time for drivers to merge back into mainline traffic as congested periods 
dissipate and operating speeds exceed 35 mph.
•Provides a reasonable transition when shoulder lanes must be dropped due to 
h i t h b id d k h h ld t b



Potential Conflict Occurs between vehicles in the shoulder lane and vehicles 
entering.  Only a concern when outside shoulder is used as travel lane and/or if the 
inside shoulder is used and there are left-hand side on and off ramps.

Mitigation – Vehicles in the shoulder lane have the right of way.  Entering vehicles 
yield
Considerations for implementing mitigationConsiderations for implementing mitigation
•Communicating and enforcing expected operations to motorists

•Signing – changeable message signs on the freeway mainline and on-ramp
•Ramp meters on the freeway on-ramps
•Enforcement and education 

•Sight Distance and AccelerationSight Distance and Acceleration
•Location of yield based on anticipated operating speeds
•Adequate sight distance to identify gaps
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Emergency Vehicle Access:
•Reviewed on case-by-case basis – these are ideas/potential solutions.

•In the presence of monitoring equipment, dynamic lane assignment symbols 
and changeable message symbols a lane or set of lanes can be closed to vehicles 
at the time of an incident clearing a travel way for emergency vehiclesat the time of an incident clearing a travel way for emergency vehicles.  

•Freeways with breaks in the center median would allow emergency vehicles to 
access an incident by traveling on the freeway section designated for the opposite 
direction crossing over to access the incident.  

•In the absence of the above unique characteristics, emergency vehicle access can 
be provided by ensuring slopes adjacent to the freeway (i.e. just beyond the 
edge of travel way) are rounded and change at a rate of 1 vertical foot to every 6 
horizontal foot (1V:6H) or flatter.  This slope is negotiable by vehicles and could 
be used by emergency vehicles as a travel way.
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Disable Vehicle Refuge:

Vehicle refuges provide a location for disabled vehicles to exit the travel way, call for 
service via a call box, and wait for service or help to arrive.  Previous instances 
where shoulders are used as travel lanes during peak periods, were accompanied 
by refuge areas approximately every 1/3 of a mile A refuge area of 15 feet in width



Horizontal Curves

Candidate freeway corridors with frequent or long horizontal curves may require 
additional reconstruction compared to tangent stretches of freeway to accommodate 
use of shoulder lanes as travel lanes.  Depending on the design speed of the facility 
and the radius of the horizontal curve the superelevation of the inside or outsideand the radius of the horizontal curve the superelevation of the inside or outside 
shoulder may be too steep to safely serve as a travel lane or may not be 
sufficiently wide to serve as a travel lane. Horizontal curves will need to be 
reviewed on a case-by-case basis to ensure the superelevation and cross slopes for 
the shoulders (in addition to the other characteristics discussed above) are suitable 
for carrying traffic.

Vertical Clearance

Each bridge, gantry, or other structure passing overtop of a freeway will need to be 
reviewed to ensure sufficient vertical clearance exists over the shoulder lanes if they 
are to be used as travel lanes.  TxDOT Roadway Design Manual specifies a 
minimum vertical clearance of 16 5 feet over the useable roadway To use the
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minimum vertical clearance of 16.5 feet over the useable roadway.  To use the 
shoulders as travel lanes, this clearance will need to be confirmed for each piece of 
overhead infrastructure.



Horizontal Clearance

Horizontal clearance is the distance from the edge of travel way to the nearest fixed object.  
When the shoulders are used as travel lanes, the horizontal clearance from the edge of the 
shoulder lane to the nearest fixed object should be reviewed to ensure the distance meets 
standards.  If the distance does not meet standards, the fixed object may be moved or 
mitigations (e.g. crash cushions) may be identified and implemented to lessen the severity 
of a vehicle hitting the fixed object TxDOT Roadway Design Manual cites a minimumof a vehicle hitting the fixed object.  TxDOT Roadway Design Manual cites a minimum 
horizontal clearance of 30 feet for freeway mainlines and 16 feet for freeway ramps in
the absence of a barrier or other treatment of safety appurtenances (Chapter 2, Section 6).  
AASHTO’s Roadside Design Guide presents potential roadside barriers and other safety 
appurtenances treatments to mitigate instances of insufficient horizontal clearance.

Freeway Operations in the Dark 

During winter months, the traditional commuting peak hours do not occur in full daylight; 
therefore it is conceivable that the use of shoulder lanes will occur at times when drivers’ 
visibility is relatively limited.  The traffic control devices used to communicate the modified 
operations while peak shoulders are in use should meet night-time visibility standards 
as outlined by the MUTCD.  Candidate sites should also be reviewed to ensure sufficient 
lighting is providing along the freeway corridor; adjustments, maintenance or upgrades may g g p g g y ; j , pg y
be needed depending on the site.





Reviewed ITS for speed control and temporary shoulder use in the following 
locations:
UK, M25
Netherlands, A2 Motorway
Washington State, I-90
Germany, Bavaria A7
New Mexico, I-40

The following slides discuss the considerations identified above in more detail.  
Follows tech memo content.
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Related Recommendations:

Based on the previous review, the monitoring surveillance system is recommended 
for the Speed Harmonization and Peak-Period Shoulder Use to Manage Urban 
Freeway Congestion. For monitoring purposes, camera detectors are placed at an 
average of 1 mile, at most, for incident detection purpose. Loop detectors were 
used along with closed circuit camera detection in case of bad weather like fog, 
heavy rain, etc. The integration information of camera and loop detectors software 
is also recommended for the whole system for better performance. 
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Recommendations:

Since the project of ‘Speed Harmonization and Peak-Period Shoulder Use’ has 
potential for improvement. The combination of VMS and PCMS system is 
recommended for the information dissemination. The sign is recommended to be 
displayed on overhead gantries, located each mile. 
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Additional enforcement considerations discussed in Task 10 Technical 
Memorandum.
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Follows draft tech memo for the most part.
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Above are key points from Hines et al., 2002 outlining key legal framework to be 
able to be able to set and enforce variable speed limits.

Additional points are contained in the tech memo.

The spirit of the guidelines are to make the VSL open, honest and transparent to the 
public – therefore, in the event of a lawsuit/challenge in court, the agency comes 
across as having fully disclosed the limit and reasonably enforced it.
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Manual Enforcement:

•Stationary marked or unmarked vehicles by side of the road with radar or vascar 
technology or a stationary officer with detectors located across the road enabling 
the officer to be farther from the road.  
Other variations are a stationary police car plus a chase car (one officer operates•Other variations are a stationary police car plus a chase car (one officer operates 

the radar and the other chases down the violator), moving police vehicle using 
moving radar, and air patrol with an air observer and police chase cars on the 
ground.  These strategies can be challenging to operate in periods approaching 
high congestion and/or adverse weather conditions.  
•Both of these situations make it difficult for officers to chase down the vehicles and 
find a location to the pull them over safelyfind a location to the pull them over safely.  
•In periods approaching high congestion, a traffic stop can create the traffic flow 
disturbance and shockwaves the variable speed limit program is trying to eliminate 
thereby being counter productive.  

Automated Enforcement:
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More effective but key issues that need to be addressed in legal framework.

Key issues are:
Criminal vs. civil offense – speeding needs to be setup as a civil offense to make 
things easier
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These are covered in more detail in the project handbook.
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These are covered in more detail in the project handbook.
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Covered in more detail in the handbook and on the handbook slides.
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Potential characteristics in identifying initial candidate sites.
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To state the offline algorithm, let us first introduce some notation. In the following, let
= space mean speed
n = the number of segments the selected test corridor is to be divided (parameter 
that can be experimentally determined with microsimulation)
q(k) = flow at road segment k in vehicle per hour
c(k) = capacity of road segment k
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Note: By restricting our attention to specific origin-Note: By restricting our attention to specific origin-
destination pairs, the travel time saving per 
origin-destination pair can be obtained.







More details in Technical Memo for Task 7.
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Step 2 achieved via the constructing and running simulation step.
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This study was chosen because the value is based on travelers’ route choice 
decisions depending on route performance – this is how speed harmonization and 
peak period shoulder use would influence travelers’ choices – by route choice.



Notes for Table:
Ozbay and Berechman’s work is cited as the most relevant for the unit cost per pollutant because it is the most recent study found available and is cited via the Bureau of Transportation 
Statistics website (available at: http://www.bts.gov/publications/journal_of_transportation_and_statistics/volume_04_number_01/paper_06/html/table7.html)

References:

Fischer, C., W. Harrington, and I.W.H. Parry. (2007) Should automobile fuel 
economy standards be tightened? The Energy Journal 28 (4) pp 1 29economy standards be tightened?. The Energy Journal, 28 (4), pp. 1-29.

Ozbay, K. and Berechman, J. (2001) Estimation and evaluation of full marginal 
costs of highway transportation in New Jersey. Journal of Transportation Statistics, 
4(1), 81-103.



Table Notes:
1 All unit costs are comprehensive costs rounded to the nearest hundred dollars.  
Comprehensive costs incorporate the loss of quality of life and are considered the 
most appropriate unit costs for calculating the value of reducing crash occurrence in 
the future.

Reference:Reference:
National Safety Council (NSC). (2009) Estimating the cost of unintentional injuries, 
2007. Available at: http://www.nsc.org/resources/issues/estcost.aspx. Last 
Accessed: April 1, 2009.



***More speed values are available for fuel consumption in table provided in Tech 
Memo #12.  Truncated here due to space limitations.

Table Notes:
1Source: Davis et al. (2008)
2Light-duty vehicles include passenger cars, sports utility vehicles, pickup trucks 
and minivansand minivans.
3Fuel consumption is for dual tires on a tractor and trailer.  Fuel economy improves 
when singlewide tires are used instead (Davis et al., 2008).
4Class 8 Heavy Duty Trucks are over 33,000 pounds (15,000 kg) as defined by the 
Federal Highway Administration. 



157



158



Up to engineer or analyst to decide which method(s) to use for comparison.  Can 
use the ones above or another method consistent with TxDOT procedures.
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