Chapter 6:  Developing & Selecting Strategies & Plans

6.1 Chapter Overview

Chapter 6 details the second step in the recommended four-step decision making process for implementing ramp management strategies.  Chapter 6 builds upon the discussion of ramp management techniques and strategies presented in Chapters 5, and furthers it by discussing various issues agencies should take into consideration when developing and selecting an appropriate ramp management strategy.  The discussion presented in Chapter 6 feeds directly into Chapter 7 (Implementing Strategies and Plans) and Chapter 8 (Operations and Maintenance of Strategies and Plans), which respectively represents the next logical steps in managing traffic on freeway ramps and implementing selected strategies.

As presented in Chapter 5, various ramp operational strategies and control plans are available.  The key therefore, is to determine which strategy best addresses a particular problem or situation.  Depending on the problem or situation, one or more of the ramp management strategies presented in Chapter 5, may be suitable, however certain strategies may be more beneficial than others.  Chapter 6 addresses ramp management strategies in terms of the situations or problems they best address, and the impacts that are likely to result when they are implemented.  Through this discussion, agencies and individuals will be able to implement solutions that improve operations at ramps where traffic-related problems exist.  

When developing or selecting a ramp management strategy, individuals responsible for making this decision need to address a series of questions before a determining if one strategy is more suitable than another.  These questions include:

· How do I determine that the freeway or corridor will benefit from ramp operational strategies and control plans?

· What operational strategies and control plans would be best suited for the conditions found?

· How do I implement the strategies I have selected?

· What are the important day-to-day operational strategies I need to consider?

· How do I ensure that the operational strategies and control plans continue to be effective once implemented?

To help answer these questions and to guide readers through the process of developing and selecting ramp management strategies, several objectives were established for this chapter.  

6.2 High Level Screening of Ramp Management Strategies
Ramp management strategies can be employed to address safety alone, mobility alone, or safety and mobility. The following provides information on decision factors for various ramp metering strategies:

Through both modeling and in-the-field measurement and evaluation, the impact of the selected ramp management strategies can be assessed. Chapter 9 covers the models that can be used.

Modeling is typically done before implementation, to help predict the impacts of the strategies on overall system operations. 

Before-and-after studies can extend beyond operational evaluation to include assessment of public attitude and acceptance. 

The impacts that may be assessed are:

· Change in collision rates

· Change in freeway flow (volume, speed, travel time)

· Change in arterial flow (volume, progression, speed, travel time)

· Change in ramp volumes

· Change in ramp queues

· Travel time reliability/predictability

· Travel time impacts on long versus short trips

· Air quality analysis including air quality at individual ramps

· Environmental justice

· Public attitude/acceptance

Each of these may be considered for on-going performance monitoring, as described in section 8.4.1.

Revisit Program Goals and Objectives

· Critical that ramp management strategies support program goals and objectives (refer to chapter 3)

· Typically, ramp management can address goals/objectives that related to reducing collisions, reducing congestion, improving reliability

· Through special use strategies (HOV), can also support goals/objectives related to improving transit operations and encouraging alternate forms of transportation (transit, carpools, vanpools)

· Special use strategies can support goals/objectives related to trucks or commercial vehicles.

Understand Ramp Management Impacts

Considerations for Ramp Strategy Selection

Even before any modeling is conducted, an operations engineer can identify various key operational needs on existing facilities. These include:

· Diversion

· Equity

· Installation and Maintenance

· Emissions on Ramps

· Arterial Impacts

· Public Opposition

· Shifts in Land Values

Analyze Indicators for Ramp Management Program and Strategies

Collision Rate

High accident rates on freeways or in the vicinity of freeway/ramp merge/weave areas may warrant the implementation of strategies to improve traveler safety and mobility.  Of particular importance are accidents linked to ramp operations, including read-end collisions upstream of ramps and the merge/weave areas of on- and off-ramps.  High rates of accidents at these locations may indicate that freeway operations are being jeopardized by vehicles entering the freeway facility from adjacent ramps.  For instance, turbulence from vehicle platoons entering the freeway may cause an unexpected decrease in vehicles speeds at freeway/ramp merge areas, resulting in an increase in read-end collision immediately upstream of the impacted area.  

Analysis of accident rates should include the entire length of freeway which ramp management strategies are proposed.  Results from this analysis can be use to conclude whether accidents are more prevalent at a single ramp, or longer section of freeway.  Based on this information, the scope of ramp management program is made more apparent.  

Level of Service

Freeway Level of Service (LOS) or freeway speed is also be a good indicator of whether or not ramp metering or other strategies are needed.  Freeway approaching LOS D are operating below LOS D are good candidates for ramp metering or other strategy.  

· Individual ramp congestion analysis is also important, with a focus on ramp capacity and queuing.

Ramp Geometry and Spacing

· As a supportive piece of information, an assessment of ramp geometry is also important. Closely spaced ramps, ramps with little queue storage, ramps with inadequate acceleration or merge areas, and major weaves are of interest.  

· Queue jumping is a phenomenon where drivers exit the freeway and enter the freeway at the downstream entrance ramp to avoid a freeway queue.  Queue jumping moves the ramp congestion from one ramp to the next downstream entrance ramp.  Strategically locating entrance ramps in the design phase to minimize or eliminate queue jumping should be considered.  If access requirements necessitate an exit/entrance ramp configuration, the downstream entrance ramp must be controlled to minimize and control queue jumpers.

Merge/ Weave Operations

· Ramp metering to breakup platoons

· Ramp metering to maintain freeway level of service

Ramp Capacity and Queues

When choosing ramp metering, an agency must also choose how they wish to manage queues due to ramp metering. Various strategies are available. All approaches begin by meeting with local neighborhood groups, and local traffic operations agencies responsible for managing arterial operations. The agency must determine what are “acceptable” queues for each individual ramp. This can become a performance measure as well. The following strategies are available to manage queues:

· Available storage space must be considered.  If arrival rate exceeds metered rate, a queue will build and could enter into the cross street.

· Must provide proper storage length so disruption to other facilities doesn’t occur.

· Storage should be contained on the ramp, if possible.

· Improvements to local streets may be necessary to provide adequate storage

· Signal timing revisions to streets feeding the ramp may enhance storage capabilities by not allowing an influx of vehicles greater than the ramp storing capacity – care must be taken to not cause significant delay

· A traffic adaptive system coordinating the ramp signal and nearby intersection signals will provide the opportunity to control these factors

Adjacent Facility Operations

· Parallel arterial operation and potential for traffic diversion.

· Ramp terminus signal operations

· Decision Making Tree (one for each strategy)

Select Appropriate Ramp Management Approaches

The selection of appropriate ramp management strategies begins with an assessment of the needs that can be addressed through ramp management.  Ramp management strategies and approaches may be used to improve existing conditions, reduce the impact of special events adjacent to or near by ramp facilities or give priority to specific classes of vehicles (e.g., transit, emergency, construction vehicle or combination of the three).  If needs such as these exists, further consideration can be given to the implementation of ramp management strategies and approaches, however, this alone does not solely justify their use.  Agencies must also take into consideration the fact that although ramp management strategies may provide additional benefits, existing conditions on the freeway, ramp or arterial may be satisfactory.  As such, it may be to the public’s benefit if funds were used instead to improve conditions deemed not satisfactory.  Additionally, agencies considering ramp management strategies may not have the policies in place to support ramp strategy implementation.  However, if it appears that operations on the ramp or nearby freeway or arterial facilities are not satisfactory, and policies are in place, ramp management strategies may be needed and applicable.  Figure 1, illustrates the process described above and directs readers to consider certain ramp management strategies based on the specific type of problem (i.e., safety, potential impacts, congestion or policy) that exists.  The last step in this diagram (high-level screening) acts as the starting point for considering specific ramp management strategy implementation.  
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Figure 6‑1: Ramp Management Strategy Selection Decision Tree

6.3 Selecting Ramp Metering Strategies

As presented in the high-level screening box within Figure 1 and again atop of Figure 2, ramp metering strategies may be used to address certain types of safety and congestion problems, and all types of impacts.  Ramp metering however, may not be the best or an appropriate solution for certain types of conditions.  Agencies should take into consideration the effects ramp metering will have on safety and mobility once implemented.  Consideration for ramp meters should closely examine the effects meters will have on traffic after meters are implemented.  Figures 1 and 2, outline the decision making process when considering the implementation of ramp meters to address traffic related problems on or near freeway ramps.  

Feasibility

The first determination to be made is whether ramp metering is a feasible alternative.  The steps are:

· Refine the problems to be addressed, including severity of collision and congestion problems and conditions on surrounding surface streets and arterials.

· Provide a high-level estimation of ramp metering impacts, based on typical ramp metering approaches or sketch level planning models (such as IDAS).

· Determine if the likely impacts of metering are offset by the problems being addressed.

If metering is feasible, then define, at a high-level the metering system envisioned.  This includes the likely geographic extent of the metering based on the problems encountered.  Entire freeway corridors are typically considered for ramp metering.  Considerations for selecting the geographic extent include:

· Bottlenecks

· Geometric boundaries, 

· Limiting diversions, 

· Political/institutional boundaries or issues.

Also determine if the problems within the geographic extent are confined to a few spot problems or of the problems extend throughout most of the geographic area defined.  Some ramps within the corridor may be considered to operate without ramp metering control.  Consider:
· Add lanes

· Inadequate storage

· Drivers avoiding diversions 

· Political/institutional issues.
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Figure 6‑2: Ramp Meter Selection Decision Tree 1 of 2
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Figure 6‑3: Ramp Meter Selection Decision Tree 2 of 2

Local or System-Wide

The next decision to be made is whether the ramp metering rates should be determined based solely on local conditions or on conditions throughout the corridor or system.  

Local Ramp Metering

Sometimes, a single ramp is considered for ramp metering operations, or ramp meters are allowed to operate individually with a single meter being activated independent of any others. Independent ramp metering is generally not recommended, but sometimes conditions exist where it is appropriate. When considering ramp metering for independent ramps, certain factors must apply. (This is largely covered in the FMOH Chapter 7).

· Typically used where:

· Collisions in the ramp merge area are the primary problems being addressed 

· Traffic congestion at a spot location can be reduced through metering and there are not widespread congestion problems within the corridor.  

· Several ramps in a freeway section are to be metered but are separated by a number of unmetered entry ramps or several exit ramps that in effect, provide a reduced level of control if they were to be metered on a system-wide basis.

· Should not be used when:

· Traffic diverted to surface street may result in unacceptable congestion

· The redistributed traffic causes freeway congestion at upstream or downstream ramps, or in the mainline sections associated with those ramps

· The safety or congestion problems are continuous or exist at many places within the corridor.

· Traffic impact studies and analyses should be conducted to verify the impact of ramp meters
System-wide Ramp Metering

System-wide metering addresses more complex problems than local ramp metering.  It is normally preferable to meter ramps in a coordinated fashion, thus system-wide metering is often the choice.  System-wide ramp metering may be the preferable option where:


· Collision problems are not clustered, but extend along a facility or throughout a corridor

· Multiple bottlenecks / locations of recurring congestion on the freeway

· Optimization of freeway throughput requires coordinated rates for several ramp meters

· The situation requires improved ability to address non-recurring congestion problems

· Flexibility to address changing conditions over time more rapidly is needed

When multiple corridors are metered, consideration should be given to metering freeway-to-freeway ramps.  Freeway-to-freeway ramp metering has been implemented in Los Angeles, Seattle, Minneapolis and elsewhere. The following must be considered in determining if freeway-to-freeway ramp metering will be effective: 

· traffic volumes and flow improvement potential, 

· driver awareness, 

· safety trade-offs, and 

· storage capacity. 

The considerations differ slightly for high-speed versus lower-speed system merges.

Pre-Timed Versus Traffic Responsive Metering

The primary determining factor for selection of pre-times versus traffic responsive metering is whether detectors can be installed.  Detectors may not be able to be installed for budgetary purposes, because the system will be temporary, or there is not time to install detectors in the initial operation.

Pre-timed

· Follows a pre-timed metering rate schedule.  Pre-timed metering is generally implemented when detection can’t be provided, usually because of timeframe, cost, or the temporary nature of the metering (e.g., when used as a work zone traffic control strategy).  

· Simplest form of ramp metering and requires neither mainline detection devices nor communication with a TMC.  

· May be used for local metering (only consider local conditions when developing metering rates) or for system-wide (determine metering rates to optimize flow on the facility, in the corridor, or throughout the region).  

· May require that agencies regularly collect data to analyze traffic conditions on the freeway.  

· Requires frequent observation so rates can be adjusted as traffic conditions change

Traffic Responsive

· Surveillance of the freeway mainline using traffic detectors is required since rates are automatically updated based on freeway conditions.  There are many strategies possible to use with traffic responsive metering (see chapter 5).  The selection of a specific algorithm should be based on the goals/objectives addressed by metering, the other infrastructure components available, and the characteristics of the algorithm.

· (Include a table that provides the algorithms and their characteristics.)

Operator Selection

· For special conditions such as incidents or special events.  Operators may have to override or adjust metering rates for any of the algorithms discussed here.  

Centrally Managed

Ideally, all ramp meter controllers would communicate to a central location.  However, sometimes communication is not feasible because of the area to be metered or the temporary nature of the ramp metering project (for example, for a special event or construction).  Communications may also be too expensive or take too long to implement for the initial operation of the system.  In cases where communication is feasible and cost effective, then a centrally managed system should be selected.  So the operation of the metering system can be monitored and controlled from a central location.  This will allow a central algorithm to be selected and for metering parameters to be updated from a central location.  

Metering Approach and Algorithms

· Selection of appropriate metering rates depends on several factors.  Some of these factors have been discussed previously.  Other factors include limiting ramp queues, especially to avoid queue spillback onto adjacent arterials

Factors to consider when selecting metering rates or algorithms include:

· Variability of demand – how much does demand vary over the peak, from day to day, and from season to season.  The more variability, the ,ore flexible and robust the algorithm should be and the more it should take into account direct field measures from detectors.  

· Severity and extent of congestion – the more severe the congestion problem and the more congestion extends upstream from the bottleneck, the greater the need for an algorithm that takes into account conditions throughout the corridor.

· Severity and types of safety problems addressed – if mainline rear-end and side-swipe collisions are the primary types to be addressed, the greater the need for an algorithm that takes into account conditions throughout the corridor.  

· Coordinating the arterial street signals to minimize the queue build up at the ramp

· Data requirements to support ramp metering - Type of metering will affect the type and amount of data to collect for analyzing the strategy and input into an algorithm

· Freeway and arterial street management system to support the ramp meter system.

· Adaptive ramp meter operations
· Effect on transportation system operations

· Need to manage ramp queues and the likely extent of queues.  Need to determine effectrive means of managing queues.  

(Refer to Chapter 5 for description and discussion of specific algorithms.)

Special Use Bypass

Agencies considering ramp metering should also evaluate the potential for and benefits of other special use (such as HOV) bypass lanes at every ramp considered for metering. A policy decision could be made that every ramp that is metered must include special use bypass. Or, only specific ramps may include bypasses. Considerations include queue lengths and wait times (ability to reduce target delay) need to minimize overall queues (will bypass help reduce queue lengths), and location of the ramp in a special use corridor. 
Flow Controls

The flow control strategy for each metered ramp must be selected.  The options, as presented in Chapter 5 are:

Single Entry

Single entry metering permits vehicles to enter the freeway facility one by one, as vehicles are detected.  

Tandem or Two Abreast

Tandem or two-abreast metering permits two or more vehicles to enter the freeway facility per cycle, depending on the number of lanes at the meter (one vehicle per lane).  

Platoon

Platoon metering allows two or more vehicles to enter the freeway facility per ramp meter signal cycle in each lane that is metered.  

The following table provides general capacities for each flow control method.

	Flow Control Scheme
	No. of Lanes
	Cycle Length
	Capacity (VPH)

	Single Entry
	1
	4 – 4.5 sec
	800 - 900

	Platoon
	1
	6 – 6.5 sec
	1100 - 1200

	Tandem
	2 or  3
	
	1600-1700 


Selection from among these types of flow control depend on:

· the pre-metering demand on the ramp, 

· the storage available on the ramp, and 

· the diversion likely to occur once metering begins.  

Advance Warning

· Need to decide is advance warning is appropriate, based on forecast level of queuing, ability to store vehicles, and policy on diversion.  

Assess Impacts

· Use methods described in section 6.7 to assess likely impacts and determine if the impacts are acceptable.  If they aren’t either modify decisions made in the previous steps, mitigate the impacts, or investigate other solutions.  

6.4 Selecting Ramp Closure Strategies

Ramp closure may be a viable solution for safety and congestion problems as well as to mitigate impacts associated with neighborhood complaints, construction activities, and when special events occur.  Ramps should be considered for closure only when the act of closing them does not present a more severe problem than currently exists.  If existing conditions are more severe than impacts associated with closing the ramp, operations should be analyzed to determine if ramps should be closured by time of day, permanently, or temporarily when events occur.  Regardless of which type of closure is selected, the selected strategy should be analyzed in greater depth to determine the specific affects/impacts of the strategy selected.  If impacts of the selected strategy offset the impacts of the problem and no other options are available, ramps may be closed.  However, if the selected strategy does not offset the problem, other ramp management strategies should be analyzed to resolve the problem.  A decision tree outlining the steps agencies can follow to analyze and select ramp closure strategies are shown in Figure 4.  

Ramp Closure Feasibility and Impact (High-level)

To determine is ramp closure is practical; first a high-level assessment must be made as to whether or not the severity of ramp closure offsets the severity of the existing congestion or safety problem.  This assessment should include the following actions:

· Refine the problems to be addressed, including severity of collision and congestion problems and conditions on surrounding surface streets and arterials.

· Determine if there are any special vehicle classes which prevent ramps from being closed or are a significant cause to the observed problems on or near the ramp.  

· Assess the impacts that are likely arise when ramp are closed (i.e., impact to neighborhood, safety, congestions, mobility, etc.)

If the impact due to ramp closure are less than the existing safety/congestion problem the next step would be to conduct an operational analysis to determine the extent to which ramp closure should be considered.  If the high-level problem assessment indicates that impacts as a result of ramp closure out weigh existing impacts, other viable ramp management strategies should be considered.  

Ramp Closure Extent
In situations where ramp closure is deemed practical, the extent of ramp closure needs to be determined so as not to close ramps when situations does not warrant it.  Depending on when problems occur, ramp closure may be:

· Temporary (event related)

· Permanent

· Occur by Time of Day

Temporary Ramp Closure

In general, temporary ramp closure should be considered for the following:

· Special event management: Reasons include safety or congestion.  Should be part of overall special event traffic management plan

· Incident management: Ramp closure during incident conditions usually occurs either because capacity is extremely reduced on the mainline or to provide a safer incident scene for responders and victims.  

· Construction or maintenance work zones: Ramp closure during construction of maintenance activities usually occurs to improve the flow through a work zone or to improve work zone safety.  Ramp closure should be part of the overall work zone/construction traffic management plan.  

Sometimes a related strategy employed for work zones is closing the ramp for all but special uses (see below).  The special uses could include:

· Construction vehicles

· Emergency vehicles

· HOV vehicles

Permanent Ramp Closure

The primary criterion to be considered is accidents related to ramp operations. 

Time-of-Day Ramp Closure

Time of day ramp closure is often used in construction work zones.  

· Construction occurs only during certain hours of the day.

· Impacts limit the hours for ramp closure.  Could be because the impacts of closing the ramp is only acceptable when ramp volumes are relatively low (leading to off-peak closures) or because ramp volumes are high enough to create problems when volumes are very high (leading to peak closures).

Under rare circumstances, ramp closure may be used during peak hours of the day when traffic conditions and the ramp geometrics combine to cause severe safety or congestion problems, these problems don’t arise during other times, no other options are available to correct the problems, and there is a compelling reason to allow the ramp to be open during the other hours of the day.  
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Figure 6‑4: Ramp Closure Decision Tree

This technique can be employed to either on- or off-ramps, and is typically used at locations with high numbers of collisions, or when local agencies or neighborhoods request ramp closure.  

· Benefits and drawbacks of ramp closures

· Conditions under which closures may occur 

· Work zones

· Special events

· Incidents

· Emergencies

· Use reference “FMO Handbook”, chapter 7.2.1.
Ramp Closure Feasibility and Impact (Detailed)

This step closely related to the high feasibility and impact analysis completed earlier, however this analysis is carried out to a greater level of detail.  At this stage all the impacts should be identified and understood to a point where a decision can be made as to whether or not to close ramps.  

Other Viable Solutions

Consider other solutions when the impact of closing ramps will outweigh impacts of current problems.  

6.5 Selecting Special Use Ramp Applications

In addition to ramp metering and/or ramp closure, special circumstances may arise in which additional measures may be needed to manage traffic on or near freeway ramps.  These measures or special use ramp management strategies can be used inconjuction or independently of other ramp management strategies to resolve or mitigate traffic-related problems occurring on or near ramps.  Selecting a particular strategy depends on the type of problem (i.e., whether on not the problem is related to safety, impacts, congestion, and policy).  Figures 5-10 can be used to select additional strategies for special circumstances based on the type of problem(s) that currently exist.  For instance, Figure 5 provides a recommended decision making process for incorporating special use applications when safety problems occur at ramp/freeway merge areas. 

Special Use Applications for Safety Problems

The first decision to be made is whether or not poor geometry on or near the ramp contributes to a safety problem at the ramp/freeway merge point.  If roadway geometry does not seem to be a contributing factor to the safety problem, special use applications are not applicable.  On the other hand, if roadway geometry contributes to the problem, truck restrictions on the ramp may improve safety at the merge point.  The extent to which trucks should be restricted depends on further analysis of the safety problem and whether or not the problem exists all day or if it occurs only at certain times within the day.  

Special Use Feasibility and Impact
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Figure 6‑5: Special Use Decision Tree

Special Use Applications for Neighborhood Impacts

The first step for determining special use applications for neighborhood impacts is to redefine understanding of the problems affecting the neighborhood.  This analysis should identify the following:

· Geometric deficiencies

· Existing traffic compositions and patterns

· Target traffic levels and speeds

· Truck impacts

Based on the results of the problem analysis, the first decision to be made is whether or not poor geometry on or near the ramp adversely impacts adjacent neighborhoods.  If roadway geometry does not seem to be a contributing factor to localized problems, truck restrictions should be analyzed.  If geometry is a factor, traffic volumes and speeds should be analyzed.  

Special Use Feasibility and Impact

Roadway Geometry

Detailed Analysis of Truck Restrictions 

Traffic Levels and Speeds
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Figure 6‑6: Special Use Decision Tree

Special Use Applications for Construction Impacts

The first step for determining special use applications for construction impacts is to redefine understanding of the problems affecting construction.  This analysis should identify the following:

· Geometric deficiencies

· Target traffic levels and speeds

· Analysis of ramp traffic

Ramp Traffic Analysis and Impact on Construction

Based on the results of the problem analysis, the first step in implementing special use applications for construction is to assess whether or not the impact of ramp traffic on construction activities is severe.  If impacts are deemed severe, ramp closure should be considered.  If impacts are not severe, geometry of the ramp should be analyzed to determine if improvements can be made.  

If impacts are severe and ramp closure is considered, further consideration must be given to the extent to which ramps will be closed.  If full ramp closure if feasible, the ramp should be permanently closed, however, if full ramp closure is not feasible vehicle restrictions should be considered.  Restrictions may be enacted that simply allow only construction vehicles to use the ramp, thereby reducing the chance of safety problems from occurring if other vehicles were present.  

Restrictions to trucks may be implemented in situations where the geometry of the ramp is poor.  

Traffic Levels and Speeds

If the impact of traffic from a ramp is not deemed severe and there are not geometric deficiencies, ramp traffic and speeds should be analyzed.  If traffic levels and speeds are adequate and construction mitigation is not needed, then special use applications are not needed.  However, if traffic levels and speeds are adequate and construction mitigation is needed or if traffic levels and speeds are not adequate, current HOV and/or transit priority treatments should be reviewed.  If priority treatments currently exist within the region, similar treatments should be considered at the analyzed ramp locations.  Otherwise, special use applications should not be implemented until vehicle priority policies are implemented, in use and practical at the analyzed ramp locations.  
Presence of Priority Treatments
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Figure 6‑7: Special Use Decision Tree Part 1 of 2
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Figure 6‑8: Special Use Decision Tree Part 2 of 2

Special Use Applications for Special Events

The first step in deciding whether or not to implement special use applications to mitigate the impacts of special events is to better understand the problems that currently exist.  The refined analysis should seek to understand the following:

· Local Traffic Conditions

· Special Event Congestion

· Historical Collision History

· Queue and delay impacts

· Impacts that may occur downstream of the analyzed ramp

· Availability of alternate routes

· Need for emergency vehicle access

Special Use Feasibility and Impact

HOV/ Transit Incentives 

Based on the analysis of existing problems, one can begin to access whether or not special use applications are needed for special events and what these applications may be.  First, the special event should be reviewed to determine if HOV or Transit incentives are currently outlined within the plan.  If so, implementing HOV or Transit incentives on ramp near special event venues may be considered.  If not, HOV or Transit incentives cannot be implemented and should not be considered.  Regardless of whether or not HOV or Transit incentives are considered, the next logical step would be to determine if ramps are closed or restricted to HOV or Transit.  If the answer to this question is no, than other ramp management strategies should be considered.  If yes, than one could proceed to the next step in this decision making process which assesses the need for delivery vehicle access on the analyze ramp.

Delivery Vehicle Access/Priority

If delivery vehicles need access to the ramp to deliver special event goods, delivery vehicle access and or priority on the analyze ramp should be considered as one of the applicable special use applications.  If delivery vehicle access/priority is not needed, one would proceed in the decision making process and would analyze if emergency vehicle access/priority is needed.  

Emergency Vehicle Access/Priority

Likewise, emergency vehicle access on the ramp should also be considered if such a need exists.  If not, no HOV, transit or emergency vehicle access or priority should be implemented.  
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Figure 6‑9: Special Use Decision Tree

Special Use Applications for Policy

Special use applications are only applicable in situations where policies are in place to support them.  Without such polices, special use applications will fail to gather the support needed to implement them.  If polices are in place to support one or more special use applications, the high-level analysis of problems should be redefined.  The refined analysis should seek to understand the following:

· Special Class Demand

· Downstream Attractors/Upstream Generators

· Traffic Volumes

Based on the above analysis, a decision as to whether or not demand for special use on the ramp can be made.  
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Figure 6‑10: Special Use Decision Tree

6.6 Selecting Ramp Terminal Strategies

Improvements at ramp/arterial terminals can reduce the occurrence of unacceptable traffic queues, number of collisions, vehicle delay, and other impacts at or downstream of the ramp/arterial intersection.  The specific ramp/arterial improvement depends on the type and location of the problem.  Using matrix in Figure 11, the type and location of the selected problems are mapped to specific improvements.  

Strategies to Improve Queuing

Queuing can occur at the following locations.

· Ramp

· Ramp Terminal

· Arterial

Queuing on Ramps

Possible solutions:

· Widening

· Channelization

Queuing at the Ramp Terminal

Possible solutions:

· Signal Timing

Queuing on the Adjacent Arterial

Possible solutions:

· Widening

· Channelization

Strategies to Reduce Collisions

Collisions may occur at the following locations.

· On Ramp

· Off Ramp

· Arterial

On Ramp

· Possible solutions:

· Widening

· Channelization

· Signal Timing

· Ramp Metering

· Improvements to Roadway Geometry

· Warnings

Off Ramp

Possible solutions:

· Possible solutions:

· Widening

· Channelization

· Signal Timing

· Improvements to Roadway Geometry

· Warnings

· Lane Assignment

Arterial

Possible solutions:

· Possible solutions:

· Widening

· Channelization

· Signal Timing

· Improvements to Roadway Geometry

· Ramp Metering

· Warnings

· Lane Assignment

Strategies to Reduce Delay

Delay can occur at the following locations.

· Ramp

· Ramp Terminal

· Arterial

Ramp

Possible solutions:

· Widening

· Channelization

Ramp Terminal

Possible solutions:

· Signal Timing

Arterial

Possible solutions:

· Widening

· Channelization

Strategies to Minimize Downstream Impacts

Downstream may occur as a result of problems at the following locations.

· On Ramp

· Off Ramp

· Arterial

On Ramp

Possible solutions:

· None

Off Ramp

Possible solutions:

· Channelization

· Signal Timing

Arterial

Possible solutions:

· Channelization

· Signal Timing
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Figure 6‑11: Ramp Terminal Treatment Decision Tree

These strategies will usually be a coordinated effort with the other ramp management approaches described in this chapter.  The need for ramp terminal strategies will depend on conditions that occur on the ramp.  

These strategies, as all discussed in this chapter, must support agency policies, goals, and objectives.  There may be conflicting goals, such as managing freeway traffic to minimize delay and managing ramp queues to keep traffic queued from ramp meters from affecting arterial conditions.  Need to prioritize and compromise.  

Signal Timing

Generally addresses queuing problems, either from ramp meters or exit ramp terminal signals.  

Ramp Widening

Generally provides additional storage capacity

Turn/ Storage Lanes

Generally helps delineate and separate traffic movements, such as separating traffic destine to a queued ramp from arterial traffic traveling through the ramp area.  

Signing and Pavement Marking

A certain level of signing and pavement marking are needed to support any of the ramp strategies discussed.  Generally used to inform drivers of downstream conditions or to provide guidance to drivers approaching or on a ramp.

6.7 Tools to Support Selection of Ramp Management Strategies

The various analysis tools available for providing support for selecting ramp management strategies will be identified in this section along with guidance on selecting the appropriate tool to meet the needs of the particular analysis.  These guidelines will be based on criteria and information from the FHWA’s Traffic Analysis Tools Primer (2003).  Various tools to be discussed include: 

· Observational (Before/After) Analysis 

· Geometric deficiencies

· Lane continuity (add lane, drop lane configuration)

· Existing congestion patterns

· Incident history (if available)

· Collision history analysis

· Sketch Planning Tools

· IDAS

· SCRITS

· Macroscopic Analysis Tools

· FREQ – brief description of the model, type of tool category, how tool category can be applied to ramp metering, types of MOEs given, geographic extent of tool category.

· HCS – brief description of the model, type of tool category, how tool category can be applied to ramp metering, types of MOEs given, geographic extent of tool category.

· HiCAP – brief description of the model, type of tool category, how tool category can be applied to ramp metering, types of MOEs given, geographic extent of tool category.

· Other Macroscopic Tools

· Microsimulation Analysis Tools

· Vissim – brief description of the model, type of tool category, how tool category can be applied to ramp metering, types of MOEs given, geographic extent of tool category.

· Corsim – brief description of the model, type of tool category, how tool category can be applied to ramp metering, types of MOEs given, geographic extent of tool category.

· Other Microsimulation Technologies
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Objective #1:	Assess the need for ramp operational strategies and control plans including ramp closure, on-ramp metering and off-ramp strategies.  


Objective #2:	Assess the potential impacts of ramp operational strategies and control plans on the freeway and adjacent corridors.


Objective #3:	Select appropriate ramp operational strategies and control plans


Objective #4:	Develop an ongoing performance evaluation program to assess the effectiveness of the selected operational strategies and control plans


Objective #5:	Develop an operational concept to meet needs.
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