Chapter 10:  Planning and DESIGN Considerations

10.1 Chapter Overview and Introduction

Chapter 10 provides guidance to practioners who are ready to plan, design and implement the systems and field elements within  individual capital improvement projects that wholely or in-part support the ramp management strategy selected in Chapter 6.  This chapter supplements Chapter 7, which focused the implementation of the ramp management strategy, by addressing issues and acitivities practitioners need to consider when implementing individual capital projects that have already been approved and funded, and which support the overall ramp management strategy implemented in Chapter 7.  This understanding will help practitioners develop a comprehensive understanding of project planning and design, and will help ensure that projects are implemented sucessfully.

Chapter 10 begins with an overview of the capital project planning and design process.  Each step of the planning and design process is then highlighted and described in greater detail.  The first step, review operational considerations reviews operational aspects that may influence the project design. 

10.2 Planning and Design Process

The process for planning and design of the selected ramp management capital project follows three steps:

1. Review Operational Considerations – Ensure that the operational objectives are understood and will be properly reflected in the design.

2. Select and Analyze Alternatives – As part of the design process, a set of alternatives may be selected for evaluation. Alternative analyses are often required as part on an environmental review, and are common approaches to ensure that the project design is the most appropriate in terms of capital cost, ongoing maintenance costs, and impacts.

3. Address Design Considerations – Ramp management strategies require specialized design in the areas of signing and striping, geometric design, traffic signal design and operations, and other aspects that must be addressed in the final design. Some require ITS systems.

The following sections describe the planning and design process.

10.3 Review Operational Considerations

In addition to understanding the needs of a particular ramp, corridor or freeway system, several other factors need to be addressed when planning for ramp management and control strategies.

Corridor Objectives

Operational objectives for the corridor(s) in question should be established. These objectives should be based on regional goals for a facility, if they exist. Corridor objectives can include:

HOV operations including reductions in delay to transit and carpools, and person-delay

Balancing ramp delay with freeway delay, or balancing freeway operations with the operations of arterials and other surface streets. 

Accident rate reduction objectives.

These objectives should be reviewed prior to implementation planning and design, to ensure that they help establish the potential ramp management and control strategies that may be suitable for any particular facility. 

Overall policies for ramp metering should also be established.  These policies would address hours of operation, implementation thresholds, and performance policies.

Project Consistency

If the capital project being planned and designed includes more than implementation of ramp management strategies, make sure the various pieces of the project are consistent with one another.

· Review overall project objectives for consistency

· Assure that the project can be staged to keep all investments viable through construction.  Make sure construction mitigation elements of ramp management can be operated during construction.  Make sure construction activities that may disrupt critical ramp operational components, such as surveillance and ramp metering, have mitigation planned in the project.  The mitigation may include keeping existing systems operational during construction or installing temporary systems for the construction period.
· Review all aspects of capital project to make sure that physical and geometric revisions of the various components are consistent and support ramp management strategies.  
Enforcement

Three aspects related to enforcement should be addressed when planning for ramp management and control. First, a review of potentially applicable laws should be conducted to determine if particular strategies can be enforced if implemented. If it appears there are no appropriate laws in place, the process of developing new law including finding a sponsor for legislation, must begin. 

Second, an enforcement strategy must be developed jointly with law enforcement. What are the goals of enforcement? What does that mean for the frequency and approach to enforcement?

Third, appropriate enforcement areas must be designed into the project. Police need safe and effective locations to monitor and enforce. 

Equity

Equity issues and issues of environmental justice must also be addressed. When closing ramps or implementing ramp metering, the following should be reviewed:

Which geographic areas benefit the most? Which have the most impacts? In an environmental justice review, the analysis must assess the impacts to disadvantaged groups. 

Which drivers get the most from the strategy? Which drivers may have negative impacts? Of particular concern is the potential for a distribution of benefits to suburban groups at the expense of urban dwellers. This is particularly of concern when implementing ramp metering.

Performance and Measurement

The measures to be monitored as part of ongoing performance measurement should be identified in advance, and systems and processes implemented to ensure that the ongoing performance measurement can be conducted.

The agency should also plan for actions/mitigating measures that can be implemented if certain performance measures are not met.

Maintenance

Implementing any systems, markings or signing will have an impact on maintenance. Maintenance staff should be consulted early to determine if they have any input or concerns about the ability to maintain any elements installed as part of ramp management and control.

10.4 Alternatives Analysis

The alternative analysis conducted prior to design of an individual capital project will include review project design alternatives, rather than reviewing alternative solutions to the same problem. In other words, the decision on the ramp management strategy has been made, and an analysis of the different possible design and operational approaches must be made.

For a project area, various ramp management and control strategies may be used:

· Ramp Closures

· Special Use

· Terminal Treatments

· Ramp Metering

The following presents an approach to selecting alternatives, and the key impacts to review.  In addition, various analysis and modeling methods are discussed.

Ramp Closures

Selecting alternatives:

· Review full closure versus time-of-day or event-only closure

· Full ramp removal versus barricading

· Temporary closures for construction and special events, alternatives may include time of day restrictions, multiple or single ramp closures.  

Analysis is based on cost, operational impact and environmental impact – ensuring that the overall project objectives are still met. 

Microsimulation tools needed to assess impacts.

Special Use

Selecting alternatives:

· For some options, such as construction access, the alternative is simply to not have the particular access point. An option may also be based on the actual ramp location within a road section.

· HOV alternatives should evaluate HOV versus transit-only, and potential time-of-day restrictions and (2+ or 3+) carpool definition.  

· Freight-only ramps should evaluate time-of-day restrictions.

Analysis is based on cost, operational impact and environmental impact – ensuring that the overall project objectives are still met. Special use treatments will typically include a trade-off between general use traffic impacts and the impacts on the special class of vehicles allowed to use the ramp.

Terminal Treatments

Selecting alternatives:

· Alternatives may include widening, signal phasing/timing, channelization, signing and surface street signal system coordination.

· If neighborhood impacts are a key goal, alternatives may include various traffic calming treatments including gating at off-ramp signal.  

Analysis is based on cost, operational impact and environmental impact – ensuring that the overall project objectives are still met. May also consider the amount of time needed to implement.

Ramp Metering

Selecting alternatives:

· Queue treatment/ shoulder & widening

· HOV treatments

· Time of day restrictions

Analysis of algorithm can be based on several factors including whether the algorithm has been implemented before, and the ability for the algorithm to manage the traffic conditions encountered. 

Analysis of queue and HOV treatments can be based on micro-scale modeling, and policy conformity.

Combination of Alternatives

Some of the different management strategies may compliment others, therefore the alternatives selection/analysis process should look at a combination of different strategies and alternatives where appropriate.  For example, terminal treatment may compliment ramp closures, special usage of ramp metering, or terminal treatment only may be selected.  A ramp closure at one ramp may compliment ramp metering at an adjacent ramp.  The impacts for all of the ramp management strategies should be analyzed together to identify total impacts to an area.  

Analysis Tools
The various analysis tools available for alternatives analysis are very similar to those used for selecting ramp metering.  These guidelines will be based on criteria and information from the FHWA’s Traffic Analysis Tools Primer (2003).  Various tools to be discussed include: 

· 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

10.5 Design Considerations for Ramp Closures

· Advanced warning to motorists

· Blockading versus full removal for full closure

· Semi-permanent blockages versus moveable

10.6 Design Considerations for Special Use Ramps

· Design vehicle and standards for:

· HOV/transit ramps

· Construction ramps

· Emergency vehicle access ramps

· Freight-only ramps

Signing and Striping for:

· HOV/transit ramps

· Construction ramps

· Emergency vehicle access ramps

· Freight-only ramps

Systems (gates, surveillance) for:

· HOV/transit ramps

· Construction ramps

· Emergency vehicle access ramps

10.7 Design Considerations for Terminal Treatments

· Queue storage length and location

· Traffic signal operations/design

10.8 Design Considerations for Ramp Metering

Guidelines

This guide provides “desirable” and “minimum” values for design.  The desirable values should be used whenever possible.  Minimum values should only be used in cases of inadequate right-of-way or where using above these values will make the project cost prohibitive or environmentally unfeasible.

Policies and Procedures

The design of the metered ramp should conform to AASHTO and MUTCD recommendations for freeway facilities.  This includes guidelines for horizontal and vertical curvature, cross-slopes and drainage design.

Ramp Meter Layout

Ramp meters can be installed on existing ramps or newly constructed ramps.  Each design element identified in this section should be considered whether it is a new ramp construction or an existing ramp being retrofitted with a ramp meter.  See figure XX for ramp meter elements.

Location of Ramp Meter

The location of the ramp meter, and therefore the stop line, needs to be located to achieve a balance between queue storage space and acceleration distance to the freeway.

· Acceleration distance:  calculated using AASHTO standards.

· Storage needs can be calculated using microsimulation software or estimate using the metering rate and ramp volume.

Number of Lanes

The number of ramp lanes is selected based on ramp volume, required storage and available ramp width.  Available ramp width may be based on an existing ramps pavement or the pavement width feasible based on geometrics and topography.  Shoulders may also be utilized when ramp meters are operating to increase the number of effective lanes, therefore storage.  The estimated queue and available storage distance to the upstream intersection will have an influence on the number of lanes selected.

Single-lane metered design:

· Minimum width required

· Minimum distance between stop line and freeway

· One vehicle per green or multiple vehicles per green.

Multi-lane metered design:

· Maximum vehicle storage

· Alternating or tandem operation

· Different lanes can having different metering rates

· Requires not only distance to accelerated, but also distance for multiple lanes to merge prior to freeway.

· May be more confusing to motorists

Additional Queue Storage

It is desirable to contain the ramp meter queue within the limits of the ramp however, there are time when the queue may extend beyond the available ramp storage.  In these situations there are several methods for handling the additional queues.  

· Provide additional storage on surface streets

· Adjust metering rate to reduce queue, which will have a negative impact on the freeway operation.

· Platooning:  Allowing two or three vehicles per green.

· Diverting some of the traffic a different route through surface streets.

Required queue storage is based on ramp volume, metering rates, and vehicle lengths.

HOV Bypass

· Consider when ramp queues are affecting surface streets

· To encourage HOV use

· May be for transit only or high occupancy vehicles.  

· Usually employ a separate lane that bypasses the single occupancy lanes and the ramp meter.  (Include examples of HOV bypasses)

Adding HOV bypass lanes not only encourage HOV use, but also proportionately reduce the ramp meter queues.

Enforcement Areas

· Enforcement areas may be on the ramp itself or in a nearby area with line of sight to the ramp meter.  

· Coordinate with the enforcement agencies during the design phase 

· locations and dimensions of enforcement areas

Bus Pull-Outs

In addition to the ramp lanes, and enforcement areas, ramp may also have bus pullouts.  See figure XX.

Freeway to Freeway Metering

· Minimum criteria of sight distance.

· Proper advance warning as motorists are not expecting to stop

Hardware

Ramp meter hardware consists of a signal controller, signal heads, signal pole(s) and detection devices.

Signal Controller

The controller assembly consists of cabinet, controller, load switches, input files, loop amplifiers, etc. similar to a traffic signal at an intersection.   Other necessary items include:

· Power 

· Communication with the control center - Telephone lines, fiber optics, microwave, radiowave

Select controller location to:

· Facilitate maintenance

· Not block sight distance

· Protect from errant vehicles 

Signal Poles

For single-lane ramps, a type I signal pole with two signal heads should be located on the left side of the ramp, adjacent to the stop line.   For two-lane ramps a type I signal pole can be located on each side of the ramp or a mast arm style signal pole with overhead signal heads can be used.  For three lane ramp meters, a mast arm signal pole should be used.

Mast arm signal poles requirements:

· Distance to stop line (MUTCD requirements)

· Minimum and Maximum height to signal housing

· Signal poles should be located to reduce the potential for “knock-down”.

Signal head placement

· Mast arm signal poles - one signal head over each metered lane.  Signal heads are not needed for unmetered lanes, such as an HOV bypass. 

· Minimum of two heads (MUTCD requirement) regardless of pole selection. 

Signal heads: can either be two-section heads (red and green) or three-section heads (red, yellow and green).   Per MUTCD requirements, a minimum of two signal heads are required regardless of the number of lanes.

Detectors

Several detectors are required to operate ramp signals. Detection has traditionally been implemented in the form of induction loops. The following discussion and the associated standard drawings reflect loops as the detection device. However, other detection devices could be used if more suitable to the environment. For example, Atlanta installed video detection (VIDS) on freeway mainlines to avoid closures and hazards related to installing loops on an operating freeway.

The detector functions are related to the placement of the loops (or detection), and include demand, passage, ramp queue, mainline, exit ramp, and entrance ramp without signaling.

Demand Loops

Demand loops are installed in each metered ramp lane, just in advance of the stop bar.  The demand detection zone provides coverage in the area just upstream of the stop bar, and act like traffic signal stop-bar loops.  These detectors sense the vehicle’s presence at the stop bar and initiate the green traffic signal display for that specific lane.

Passage Loops

Passage loops are installed just downstream of the stop bar. The passage detection zone provides coverage downstream of the stop bar in each lane with ramp signaling. Passage loops are used to count the number of vehicles that enter the freeway. This information can be used to determine the duration of the green signal display.

Ramp Queue Loops

Ramp queue loops are installed near the intersection of the ramp with the adjacent surface street. Intermediate queue detectors may be added to the ramp.  Ramp queue detectors monitor excessive queues that cannot be contained within the queue storage area, and they provide input to maximize the signaling discharge rate to clear excessive queues.

Mainline Detector Loops

Several mainline detection zones are required for ramp signal operations. In isolated operations, the mainline detection zone is located upstream of the entrance ramp gore point.  The mainline detector loops provide freeway occupancy, speed, and/or volume information that are used to select the local signaling rate.  These detectors can also serve as incident detection devices for traffic management centers.

Exit Ramp Detector Loops

Exit ramp detector loops may be installed for traffic count information. For many coordinated centrally controlled ramp signal algorithms, exit ramp detection is highly desirable. 

Entrance Ramp Detector Loops for Ramps without Signaling

For coordinated centrally controlled ramp signals, detection is important on entrance ramps that are not signaled. Accurate corridor count data ensures that the proper meter rates are implemented at the signaled ramps.

Ramp Meter Operations

· Depends on number of lanes

· Single lane operations

· Multi lane operations

· Algorithms

· Coordination 

10.8.1
Signing and Pavement Markings

Since not all motorists are familiar with ramp meter operation the signing and striping must be as clear as possible.  As the number of lanes, bypass lanes, etc. increase, the ramp meter operations become more complex.

Advance Warning Signs

Warning motorists of the metered operation is important as motorist do not expect to stop on ramps.  Advance warning signs are recommended in advance of all metered ramps.  The signs should be installed near the ramp entrance facing each direction of traffic entering the ramp.  There different types of warning signs that can be used.  See figure XX for examples.  These signs may be internally illuminated or accompanied by flashers to draw attention.

Other Ramp Meter Signs

Other fixed ramp meter signs may include:

· “Stop Here on Red” ,

· “X vehicles per green”, 

· “Form 2 lanes when signaling”, 

· “Shoulder may be used during metering”

· Lane reduction sign  

See figures XX for examples of sign placement.

Pavement Markings

Pavement Markings usually consist of: 

· stop lines – based on the balance of acceleration and taper length needed downstream of the meter and queue storage needed upstream of the meter.  No staggered stop lines.

· lane lines separating metered lanes

· HOV lane markings.  

· Paint versus plastic versus raised pavement markers 

See figures XX for examples.

HOV Markings and Signing

The standard signing and striping for an HOV lane should be used for metered HOV lanes and HOV bypass lanes to clearly designate the lane usage.

· HOV diamond symbol

· Solid white line separating HOV lane from general purpose lanes

· Dashed extension lines to prevent turning vehicles from entering the HOV lane by mistake

· Definition signs – establishing the definition of the HOV designation (2 person or 3 person carpools, transit only, etc.)

· HOV information or enforcement signs

See figures XX for examples.

10.9 Pavement Design

· Shoulder use and design

· HOV/transit ramps

· Construction ramps

· Emergency vehicle access ramps

10.10 Planning and High-Level Design for ITS Technology and Electronic Infrastructure

ITS is typically required when implementing any ramp control strategy. For ramp closure systems, ITS elements include gate controls and monitoring/surveillance, and electronic signage for driver information. Ramp meters include extensive field devices (signals, detection, advanced warning signs), communications, and control software (including controller firmware and central software). 

Planning for ITS follows a systems engineering process that is covered in detail in the NHI course “Introduction to Systems Engineering.” The key steps are outlined, below. 

Concept of Operations

The concept of operations includes the vision, goals and objectives for the strategy to be implemented. It should include detailed information on how the operating agency wishes to operate the system.

Requirements

Requirements are derived from the concept of operations. They include functional and technical requirements.

Systems and Interfaces

The systems needed to be implemented and the interfaces required need to be outlined. A systems architecture will help define these.

Components and Technologies

Various technology options exist for the components of ramp management strategies. Each should be assessed for cost, maintenance and operational capabilities.

· Gate Systems

· Dynamic Message Signs

· Detection

· Surveillance




Chapter OBjectives





Objective #1:	Understand the process for planning and design of individual capital projects that implement a portion of the selected ramp management strategies


Objective #2:	Gain an understanding of operational considerations that need to be addressed when planning capital projects that implement ramp management and control strategies including, corridor objectives, enforcement, equity, performance and measurement, and maintenance.  


Objective #3:	Understand the different possible design and operational approaches for implementing each ramp management strategy.  


Objective #4:	Become familiar with the design considerations for implementing each ramp management strategy.


Objective #5:	Identify and understand ramp metering hardware.  


Objective #6:	Understand when and how to apply signing and striping for implementing  ramp mangement strategies.  
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