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State Product Evaluation Programs, NCHRP Synthesis 328 by William P. Carr (Transportation Research Board, 2101 Constitution Avenue, N.W., Washington, D.C. 20418; ph. 202-334-2934; http://www.national-academies.org/trb/bookstore) (2004)

	Highlights

· Many DOTs only consider products for which there is no standard specification or general special provision already in place.

· Other DOTs evaluate products that have never been used by nor previously been evaluated by their respective agencies.


State product evaluation programs have existed for many years. Ever since vendors and manufacturers found a market in highway and transportation agencies, those agencies have dealt with requests to approve various products for application and practice. These agencies have also dealt with internal requests from staff for consideration of new products, practices, or procedures to improve the way their agencies operate.

Departments of transportation (DOTs) have reviewed, tested, and evaluated these products differently and with varying degrees of formality. Some agencies have established formal processes with well-documented procedures that have allowed them to consider hundreds of products, whereas others have been more informal in their approach to evaluations and only evaluated a few products.

This synthesis discusses these various evaluation programs as they relate to contemporary state DOTs. It addresses the general use of evaluation programs carried out within state DOTs, the national programs that exist to support the integration of new products and technologies into practice, and the general issues associated with conducting fair and objective evaluations of new products. This synthesis is based on a search of the literature, on-line questionnaire responses from various DOTs, in-depth follow-up interviews, and other state survey results and summaries.

State product evaluation programs are typically focused on 

· Responding to numerous requests from various internal and external sources for product evaluation,

· Conducting fair and objective evaluations to give every request proper consideration,

· Approving products for use in practice to benefit the department's operations.

Examples of evaluation techniques that are used to assist, with product evaluation include certification that products meet established standard specifications, field and laboratory testing, and demonstration and experimental feature projects. National testing center evaluations and other states' experiences also are considered by some as criteria for product approval.

Many DOTs only consider products for which there is no standard specification or general special provision already in place. Other DOTs evaluate products that have never been used by nor previously been evaluated by their respective agencies. There is duplication and inconsistency in the various processes. Although a vendor may get his or her product tested and accepted in a jurisdiction with an evaluation program in place, the same vendor with the same product may not be able to access a state without such a program.

It is clear that the national programs that have been established to facilitate product evaluations are not the complete answer to these problems. Although these programs help to focus common product and technology interests into uniform testing efforts, they are limited in scope. States need to have their own programs to cover unique or uncommon products. National programs can however be very helpful to facilitate and improve communications among the DOTs. By expanding the available information on national testing efforts and the results of those conducting independent evaluations, jurisdictions can share experiences and learn from each other, making their own evaluation processes more effective.

It is also clear that because of the pressing critical issues of program delivery that agencies face the evaluation of new products often is a low priority within a DOT. Although there appears to be a recognized value in and appreciation for integrating new, innovative products into practice, the amount of time and resources to appropriately accomplish this are not always available within an agency.
Statewide Highway Letting Program Management, NCHRP Synthesis 331 by D.Anderson and Byron C. Blaschke (Transportation Research Board, 2101 Constitution Avenue, N.W., Washington, D.C. 20418; ph. 202-334-2934; http://www.national-academies.org/trb/bookstore) (2004)

	Highlights

· The first year of the Statewide Transportation Improvement Program (STIP) is the primary determinant of which projects are included in the letting program.

· Key factors that drive the priority of projects in the STIP include safety, level of traffic, consistency with long-range plans, cost-effectiveness, and condition of the existing facility.
· Highway letting program management practices are not well documented.


One goal of state highway agencies (SHAs) is to maintain, upgrade, and improve the highway systems within the state. To achieve this goal, SHAs must identify highway transportation needs, prioritize these needs, and then address the needs through individual projects. The list of needs is large and the number of projects is correspondingly large. The set of projects that are in advanced stages of design and that have a target date for a construction bid is known as a "letting program." The development and management of a letting program that can bring projects to fruition within the available funds, and that satisfy many different constituents, is a significant challenge for each SHA.

A review of the literature was conducted pertaining to letting program management, with a specific focus on processes and techniques that describe statewide highway letting program management. A survey questionnaire was administered that focused on different aspects of SHA letting programs. Selected telephone interviews were conducted with SHAs to explore in more detail the approach taken to develop and then to manage the letting program. Twenty-eight agencies responded to the survey, and five agencies participated in the interviews.

A formalized and structured approach to letting program management was not found in the literature nor specifically captured through the survey of SHAs. Thus, a generic picture that best represents components of SHA highway letting program management was developed. Key information required for these components is identified, as well as the interaction between components and various agencies or groups involved in letting program management.

Statewide highway letting program development and management is complex. There are many agencies involved in letting program management. Federal and state requirements and regulations influence how this process is conducted. Within the SHA, many different organizational units are involved in statewide highway letting program management.

The first year of the Statewide Transportation Improvement Program (STIP) is the primary determinant of which projects are included in the letting program or "pool of projects." Many entities, including the general public, provide input about which projects are to be included in the STIP and the priority of these projects. Key factors that drive the priority of projects in the STIP include safety, level of traffic (e.g., average daily traffic), consistency with long-range plans, cost-effectiveness, and condition of the existing facility. Development of the STIP is closely tied to the project development process with respect to the status of design completion. However, there are many different ways in which SHAs select specific projects for inclusion in their letting programs. There appear to be some dominant factors that influence this decision such as delivery status of the project, and project priority established by SHA districts, regions, and divisions, with input from the FHWA.

Most SHAs follow the generic process developed for this synthesis in some form, with the approach varying depending on state requirements. Matching funds to available projects is a key requirement to move projects onto letting schedules. Federal-aid projects must comply with FHWA requirements. States must also closely monitor current cash flow and ensure that sufficient funds are available before moving projects into letting schedules. Other constraints can also influence which projects are included in the letting schedule, such as SHA policy, the geographical distribution of projects to districts or regions, and the priority set for the project based on the letting program and the STIP, the projected completion date and final approval of plans, specifications, and estimates confirm the letting date on the schedule.

Letting schedules are constantly changing for many reasons. Managing the impact of volatility in letting schedules is critical to using available funds and to ensuring that projects are awarded for construction. Many factors can influence the project construction contract. These factors, when considered during bid analysis, may result in delaying or not awarding the contract. Finally, data sharing about letting programs among SHAs was found to be a low-priority item.

Statewide highway letting program management practices are not well documented. The complexity and breadth of letting program management make it difficult for anyone person or unit within the SHA to fully understand the entire process. Finally, there appears to be a lack of a single documented and comprehensive approach to developing and managing the letting program. There are few comprehensive tools and techniques available to SHAs that specifically focus on statewide highway letting program management.
Approximation of the Economic Impacts of the Kansas Comprehensive Transportation Program by Michael W. Babcock, Kansas State University, Department of Economics; 317 Waters Hall, Manhattan, Kansas 66506-4001 (Kansas Department of Transportation, Bureau of Materials and Research, 700 SW Harrison Street, Topeka, Kansas 66603-3754) (Dec 2004)

	Highlights

· Kansas DOT’s $2.8 billion transportation program generated $7.1 billion in economic activity.

· 114,635 jobs (41 jobs per $1 million of highway contract value were supported by the program.


The Economics Department of Kansas State University conducted two economic impact studies of the Kansas Comprehensive Highway Program (CHP) in the 1990s. The first study titled Employment Impact of Highway Construction and Maintenance Activities in Kansas was published in February 1996, and examined economic impacts of CHP K-jurisdiction contracts completed between July 1, 1991 and May 19, 1994. The second study titled Economic Impacts of the Kansas Comprehensive Highway Program published in June 1997 measured economic impacts of $2.86 billion spent on K jurisdiction CHP projects between July I, 1989 and June 30, 1997.

In 1999 the Kansas legislature approved a 10 year transportation program that contains billions of dollars for Kansas road and bridge projects. It is appropriate and important to measure the construction economic impacts of the Kansas road and bridge program to facilitate an evaluation of the state's investment in highways, and the cost if highway expenditures are reduced.

The output impact is the increase in Kansas production as a result of the expenditure for CTP highway and bridge construction projects. The income impact is the increase in Kansas wages and salaries in response to an increase in the income of workers employed on CTP road and bridge construction projects. The employment impact is the gain in Kansas employment attributable to CTP highway and bridge construction projects.

The direct impact is CTP program induced output, income, and employment within the highway construction industry itself, while the indirect impact is the CTP induced output, income, and employment of the industries that supply the construction industry with goods, services, and materials. The induced impact is the additional output, income, and employment in various consumer markets produced by the increased consumer spending of people employed on CTP construction projects.

Economic impacts were calculated for the same highway improvement categories as the previous studies of the CHP program.

· Resurfacing

· Restoration and Rehabilitation; Reconstruction and Minor Widening

· New Bridges and Bridge Replacement

· Major and Minor Bridge Rehabilitation

· New Construction; Relocation: Major Widening

· Safety/Traffic Operations/Traffic System Management; Environmentally Related; Physical Maintenance; Traffic Services

The research objectives were accomplished by utilizing output, income, and employment multiplier data from the June 1997 study referred to above. Therefore, the measured impacts are approximations since they are based on the assumption that the multipliers and other data measured in the 1997 study have not changed.

The approximated economic impacts of the CTP during the analysis period are as follows:

a) output impact, $7.1 billion (2.6 times the value of highway contracts)

b) income impact, $1.4 billion (2.4 times greater than direct wages and salaries)

c) employment impact, 114,635 jobs (41 jobs per $1 million of highway contract value)

It is emphasized that these approximate impacts are conservative estimates. In the June 1997 study, it wasn't possible to obtain input data for highway work that was subcontracted. As a result, the estimated impacts omit the economic impact of the inputs that highway contractors purchased from each other:

The approximated economic impact of the Kansas CTP (jurisdiction) highway construction contracts as measured by outputs $7.1 billion (2.6 times the value of highway construction contracts) distributed by highway improvement type as follows:
	Highway Improvement Type
	Value of Highway Contracts 
(Millions of Dollars)
	Output Multiplier
	Output Impact (Millions of Dollars)

	Resurfacing
	$639.8
	2.67
	$1,709.4

	Restoration & Rehabilitation; Reconstruction & Minor Widening
	$1,263.1
	2.59
	$3,267.9

	New Bridges and Bridge Replacement
	$248.2
	2.37
	$589.3

	Major and Minor Bridge Rehabilitation
	$108.3
	2.52
	$272.7

	New Construction; Relocation: Major Widening
	$476.0
	2.47
	$1,174.9

	Safety/Traffic Operations/Traffic System Management; Environmentally Related; Physical Maintenance; Traffic Services
	$57.5
	2.16
	$124.2

	     Total
	$2,792.9
	2.56
	$7,138.4


Federal Subsidies to Passenger Transportation (Bureau of Transportation Statistics, USDOT, http://www.bts.gov/programs/federal_subsidies_to_passenger_transportation/) (December 2004)

	Highlights

· Except for buses, highway users pay slightly more in taxes than it costs government to provide service.

· Rail passenger service received the largest subsidy per passenger-mile.

· Transit received the largest gross amount of subsidy.


Recent work in the private sector and current policy debates have refocused attention on Federal subsidies to passenger transportation modes. To provide the Department of Transportation with an independent analysis of this issue, BTS developed data on federal transportation revenues, expenditures, and net subsidies, by mode. We have also included discussions of cost allocation formulas with respect to federal trust funds, and of normalization metrics, both of which are important issues for such calculations. In addition we have discussed the role of social costs and benefits analysis of modal subsidies.

Subsidy, for the purpose of this analysis, represents a simple accounting calculation of the net flow of funds to or from the federal government for individual transportation modes. The study calculates federal government transportation expenditures for each mode, including direct payments to carriers (both private companies and public agencies) and government expenditures on supporting infrastructure, minus revenues the federal government collects from that mode. These revenues include fuel taxes, fees, and other payments to the federal government specific to transportation, paid by companies, public agencies, or individual transportation system users. The fuel tax revenues dedicated to mass transit, to the extent they derive from non-transit vehicles, are considered highway revenues. The study does not include such items as corporate income taxes paid by transportation companies to support general government functioning, because such taxes are paid by all companies. The excess of expenditures over revenues is the net subsidy.

Highways

The net federal subsidy to highway passenger transportation shows negative values for the entire period, indicating excess user charge payments (e.g., fuel taxes) by highway users over their allocated cost. Users of the highway passenger transportation system paid significantly greater amounts of money to the federal government than their allocated costs. 

Not all users of the highway passenger transportation system have had negative federal subsidies during the period under consideration. School and transit buses received positive net federal subsidies, but autos, motorcycles, pickups and vans, and intercity buses paid more than their allocated cost (in the form of user charges) to the federal government.

On average, highway users paid $1.91 per thousand passenger-miles to the federal government over their highway allocated cost. Autos, pickups, and vans paid on average about $2.03 per thousand passenger-miles more each year than their allocated cost.

Passenger Rail

On average, passenger rail received the largest subsidy per thousand passenger miles, averaging $186.35 per thousand passenger miles.

Transit

Transit received the largest amount of net federal subsidy. On a per thousand passenger-miles basis, transit received the second highest net federal subsidy, second to passenger rail, averaging $118.26.
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Evaluation of Indirect Tensile Test (IDT) Procedures for Low-Temperature Performance of Hot Mix Asphalt, NCHRP Report 530 by D. W. Christensen & R. F. Bonaquist (Transportation Research Board, 2101 Constitution Avenue, N.W., Washington, D.C. 20418; ph. 202-334-2934; http://www.national-academies.org/trb/bookstore) (2004)

	Highlights

· A simple, improved procedure for estimating the coefficient of thermal contraction has been developed and provides reasonably accurate results.


The indirect tensile (IDT) creep and strength tests were developed during the Strategic Highway Research Program (SHRP) to characterize the resistance of hot mix asphalt concrete (HMA) to low-temperature cracking. Currently, the IDT creep and strength tests are considered the most promising for predicting the low-temperature performance of asphalt concrete mixtures. Many contractors and state highway agencies are interested in using these test procedures but feel that additional information is needed on the test device, procedures, and analysis.

This report documents work completed in Phase III of NCHRP Project 9-29. The requirements of AASHTO T322, Standard Method of Test for Determining the Creep Compliance and Strength of Hot-Mix Asphalt (HMA) Using the Indirect Tensile Test Device, have been reviewed, and a number of relatively minor changes have been suggested. These include the capacity of the loading machine, the range of the environmental chamber, the sensitivity of the load and deformation measurements, and the use of neoprene strips in the IDT loading fixture. Recommended requirements for specimen dimensions and uniformity were also developed based on those prepared for the simple performance test specimens. Guidance on load levels to maintain strains within the allowable limits was also developed. Another important suggestion made in this study is that the temperatures used for low-temperature creep and strength tests should vary according to the stiffness of the mixture. For asphalt concrete mixtures made using PG XX-22 and PG XX-28 binders, the current test temperatures of -20, -10 and 0°C should be retained. For mixtures made using PG XX-16 binders or harder binders, these temperatures should all be increased by 10ºC. Similarly, for mixtures made using PG XX-34 binders or softer binders, test temperatures should be decreased by 10ºC. Tensile strength tests should always be performed at the middle creep test temperature. This protocol will help ensure good test precision and will also help avoid problems that occur when the maximum relaxation time in the Prony series is exceeded during analysis of creep data.

A precision study of the IDT creep test was performed as part of Phase III of NCHRP Project 9-29, which included numerous mixtures from six different laboratories. Evaluation of these data resulted in estimated standard errors for compliance for n = 3 replicates of 8 to 11 percent, expressed as a percentage of the mean. This corresponds to a d2s precision of 22 to 32 percent. The precision for the IDT strength test appears to be acceptable. The precision for the IDT creep procedure, on the other hand, needs to be improved as part of the implementation process. Further standardization of the procedure and equipment should help achieve improvements in precision.

The equation developed during SHRP for estimating mixture coefficient of thermal contraction is not accurate and should be abandoned. However, methods for the laboratory measurement of thermal contraction of asphalt concrete mixtures have not been well developed or widely used and are not highly accurate. A simple, improved procedure for estimating the coefficient of thermal contraction has been developed and provides reasonably accurate results.

A laboratory test program was executed in this study to evaluate and compare measurement of creep compliance using the IDT, uniaxial compression, and uniaxial tension tests. An experiment comparing strength measurements was also performed to compare uncorrected IDT strengths, IDT strengths corrected using Roque's procedure as outlined in AASHTO T322, and strengths determined in uniaxial tension. Analysis of the resulting data indicates that asphalt concrete at low temperatures is anisotropic--that is, the properties vary depending upon the axis loaded. The compliance measured using the IDT test was lower than the compliance determined in uniaxial compression, which in turn was lower than that determined in uniaxial tension. It would appear that the modulus of asphalt concrete in the plane perpendicular to compaction is generally higher than that determined in the plane parallel to compaction. Because of this anisotropy, uniaxial creep data cannot be used interchangeably with IDT creep data, and the IDT creep and strength test should be retained for use in characterizing the low temperature properties of asphalt concrete. It was also found that the uncorrected IDT strength, as determined using the maximum load, is significantly higher than that determined using Roque's procedure, in which the failure load is determined through monitoring specimen deformation. However, the uncorrected IDT strength correlates well with the corrected IDT strength. Because of the danger of damaging transducers during the strength test, it is recommended that the IDT strength be determined by using the maximum load during the test and applying an empirical correction to estimate the corrected IDT strength.

Comparison of measured compliance values with those estimated using the Hirsch model showed good agreement, and IDT strength values correlated well with voids filled with asphalt (VFA) values. This suggests that critical temperatures can possibly be easily and accurately estimated from binder test data and mixture volumetric composition. Such a procedure might be useful in situations where time and/or money is not available for IDT creep and strength tests or for quality control purposes. Additional research is suggested to compare critical temperatures estimated in this fashion with those determined using the IDT creep and strength procedure.
Investigation of the Use of Recycled Polymer-Modified Asphalt in Asphaltic Concrete Pavements by Louay N. Mohammad, William H. Daly, Ioan I. Negulescu, Zhong Wu, and Codrin Daranga (Louisiana Transportation Research Center, 4101 Gourrier Ave, Baton Rouge, LA 70808) (June 30, 2004)

	Highlights

· An efficient extraction technique for removing aged asphalt binder from the aggregate in asphalt concrete mixtures was developed.

· The higher the percentage of RPMAC, the better the rutting resistance of the mixtures.

· Increasing the percentage of US61 binder in mixtures increases the rutting resistance, but decreases the fatigue resistance.

· All mixtures containing RPMAC had lower fatigue lives than the mixtures with virgin binder.

· An increased percentage of RPMAC in an asphalt mixture exhibited higher critical fracture resistance value.


A 19 mm Superpave mixture was designed for use in the laboratory evaluation. Fundamental characterization for binders utilizing 0, 20, 40, and 60% of reclaimed polymer-modified asphalt cement (RPMAC) were conducted. This included Superpave binder PG rheology evaluation. In addition, mixture characterization was performed using the Superpave test protocols, indirect tensile strength and strain, resilient modulus, creep, semicircular fracture and loaded wheel tests. In general, the addition of RPMAC in a Superpave mixture design improved the mixture’s performance in terms of its rutting resistance and possibly also its fracture resistance (especially at high RPMAC contents), but the RPMAC seemed to decrease the Superpave mixture’s fatigue endurance.

An efficient extraction technique for removing aged asphalt binder from the aggregate in asphalt concrete mixtures was developed. The impact of the extraction and recovery process on binder properties was ascertained and found to be minimal.

Procedures were developed to separate the PMAC into its asphalt resin and polymer additive components. These procedures will be useful in ascertaining the quality of PMAC purchased by LADOTD.

Laboratory evaluation showed that the use of RPMAC in a Superpave mixture design did improve the mixture’s rutting resistance. The higher the percentage of RPMAC, the better the rutting resistance of the mixtures.

Aging properties of the PAV-aged PMAC and US61 binders were characterized with the FTIR spectroscopy test. The oxidization of each asphalt binder was identified by a large set of peaks (which corresponded to carbonyl absorptions of oxidized species) in the infrared spectra data. The results showed that the US61 binder exhibited a higher extent of oxidation than the PAV-aged PMAC. As the percentage of US61 binder mixed with virgin PMAC binder increased, higher oxidation was observed in the infrared spectra data.

Gel permeation chromatography (GPC) failed to detect residual polymer in the US61 roadway binder extracted from the road surface. Extensive aging of molecular species led to either polymer degradation or extensive cross-linking, which rendered the polymer component insoluble.

The DSC analysis showed that the PAV aging process reduced the paraffinic crystallinity of PMAC to one half that of the virgin sample. However, the field aged US61 binder was found to have the increased paraffinic crystallinity, which caused it to be relatively hard and brittle as compared to PAV PMAC sample.

The blends containing 20 to 60% US-61S binder and the virgin PMAC were found to contain much higher paraffinic contents than the simple computation based on their composition. It is believed that the US61 components seeded the crystallization of PMAC paraffinic species. Therefore, despite a high PMAC content, the blends with the field-aged US61 binder displayed an unexpected brittleness at low temperatures.

This brittleness of the binder can be related to asphalt species’ mobility as reflected by the glass transition. The higher the glass transition temperature, the more brittle the binder was at low temperatures. The glass transition temperature of the US61 binder was higher than that of PAV-aged PMAC; thus, the higher the US61 content in the blends of US61 and PMAC, the higher the glass transition of the binder. The increases in glass transitions and in crystallinity will increase the tendency of these blends to undergo low temperature cracking and will reduce their fatigue resistance.

Results of the mixture performance tests showed that increasing the percentage of US61 binder in mixtures would increase the rutting resistance, but decrease the fatigue resistance of the recycled PMAC mixtures.

Both Superpave PG binder’s rutting factor of G*/sin(d) and fatigue parameter of G*sin(d) were found to be fairly sensitive to performance properties of asphalt mixtures containing recycled PMAC binders.

Laboratory evaluation indicated that the addition of RPMAC did not improve the mixture’s fatigue endurance. All mixtures containing RPMAC had lower fatigue lives than the mixtures with virgin binder (zero percent RPMAC). However, a mixture containing 60% RPMAC exhibited better fatigue life than those mixtures with 20 and 40% RPMAC, suggesting that there is a threshold value for using RPMAC in a Superpave mixture design. Mixtures with RPMAC contents lower than the threshold content will sacrifice their fatigue lives.

The semi-circular fracture test results indicated that an increased percentage of RPMAC in an asphalt mixture exhibited higher critical fracture resistance value, Jc. It is believed that as more RPMAC was added, its stiffening effect overcame that of the new control modified binder. This was accompanied by an increase in the maximum sustained load and a slight decrease in the deflection at maximum load. The increased load and small decrease in deflection has resulted in an increase in the values of strain energy to the failure, U, and the critical value of fracture resistance, Jc. This study suggests that a semi-circular fracture test can be used as a valuable correlative tool in predicting fracture resistance of asphalt mixtures.

Life Cycle of Pavement Preservation Seal Coats by Pedro Romero and Douglas I. Anderson (Utah Department of Transportation, Research Division, 4501 South 2700 West, Salt Lake City, Utah 84114; http://www.udot.utah.gov/download.php/tid=1293/Final%20Report%20Sept%202005.pdf) (Dec 2004)

	Highlights

· OGSC should be limited to high volume, high speed facilities.
· Highway sections with AADTs below 5,000 should still be candidates for Chip Seals.
· Many medium volume facilities (5,000 to 25,000 AADT) should be sealed with treatments like Nova Chip, Road Armor or other tested products that provide preventive maintenance attributes.


The objective of this study was to compile performance data on Open Graded Surface Courses (OGSC) and Chip Seal Coats (CSC) in an attempt to measure the life of these seal coats. In addition other variables that are available will be analyzed to determine their relative impact on seal coat performance. Other preservation activities such as rejuvenation, fog seals, slurry seals, etc. were not included in the scope of this study. The main objectives of the study were:

1. Determine the life of Open Graded Surface Courses (OGSC) and Chip Seal Coats (CSC) on pavements for the range of highway types and conditions in Utah.

2. Develop relationships using available data to predict the life of a seal coat for the various materials used, environmental conditions, and traffic loadings.

3. Recommend how the study results can be used to better plan the placement of future seal coats on UDOT’s pavements.

Performance factors that were collected over the years, and available in a database, were analyzed as a function of time to determine which of them had a significant influence in the life of the seal coat.

Conclusions and Recommendations

Chip Seals have served UDOT well. The use of Chip Seals on low volume highways has shown good performance. Premature failures are rare, and are usually a result of construction problems or failure of the underlying pavement.

Open Graded Surface Courses (OGSC) have had a mixed performance record in Utah. The average life of OGSCs has been shown to be 7 years. Early failures are related to raveling, stripping, and the development of potholes.

It is recommended that UDOT modify the existing policies on seal coats. OGSC should be limited to high volume, high speed facilities. This would be sections where the running speeds are 55 mph or greater, and AADTs are in excess of 25,000 AADT. The added safety of reduced spray and hydroplaning justify their use and the increased cost.

The Department should continue to use Chip Seals with the existing policies and procedures. Highway sections with AADTs below 5,000 should still be candidates for Chip Seals. Highways with certain characteristics could be treated with Chip Seals up to AADT levels of about 10,000.

Many medium volume facilities (5,000 to 25,000 AADT) should be sealed with treatments new to UDOT, but proven in other states. These include Nova Chip, Road Armor or other tested products that provide preventive maintenance attributes. These products are less costly than OGSCs, while providing good durability and performance. A series of experimental features is recommended to place test sections with these products for evaluation to give UDOT pavement and materials personnel exposure to these products. Where roughness or significant distress is observed, a thicker dense-graded maintenance overlay should be considered for our medium volume highways.

UDOT should consider modifying the existing polishing test criteria. Some poor performing aggregates are being placed on Utah’s flexible pavement surfaces. The Region Material Engineers or a Department QIT should review this issue.

Implementation of the changes suggested as part of this report will result in savings of over $2 million per year in the maintenance budget.

Strategic Planning and Decision Making in State Departments of Transportation, NCHRP Synthesis 326 by Theodore H. Polster (Transportation Research Board, 2101 Constitution Avenue, N.W., Washington, D.C. 20418; ph. 202-334-2934; http://www.national-academies.org/trb/bookstore) (2004)

	Highlights

· DOTs increasingly are using ongoing business planning, program planning, or work planning to drive their strategic agendas
· DOTs that are seriously engaged in strategic planning assign specific individuals to take responsibility


Transportation agencies in the United States began initiating strategic planning efforts some 20 years ago, and leaders in the field have been working to strengthen their capacity for strategic management ever since. Strategic management encompasses planning, implementing, evaluating, and updating a strategic agenda aimed at maintaining the most viable fit between an organization and its external environment and moving into the future in a deliberate, purposeful manner. Although strategic planning is the cornerstone of the strategic management process, strategic management is the overarching process of managing large-scale, sometimes very fundamental change to ensure a high level of performance in the long run.

Effective strategic management practices are of critical importance to state departments of transportation (DOTs) precisely because they have been operating in an era of unprecedented change over the past decade, driven by a number of concerns regarding accountability, multi-modal emphases, economic and environmental goals, customer service, productivity, human resource challenges, technological advances, and intergovernmental mandates. Thus, in leadership forums for chief executive officers (CEOs) conducted in June 2000, and again in May 2003, the participants agreed that although DOTs have the capability of developing viable strategic plans, the real challenge facing them was strategic management, implementing strategic plans and using them effectively to drive other major management and decision-making processes.

This report examines state transportation departments' experience with strategic management and synthesizes current approaches to linking strategic planning with other key decision-making processes. It is intended to help CEOs and other high-level officials improve their own strategic management processes to strengthen the overall performance of their organizations. To obtain information on strategic management practices, a detailed survey instrument was distributed to the 50 state DOTs and the 11 Canadian provincial or territorial DOTs. The synthesis- is based principally on the completed surveys received from 24 U.S. state DOTs and 6 Canadian DOTs, along with follow-up telephone interviews conducted from November 2002 to July 2003 with executive staff and other managers in numerous DOTs to clarify and expand the information they provided.

All responding DOTs reported having completed strategic planning efforts in the past 5 years, some on their own initiative and others in response to legislative or executive mandates in their states or provinces. Although some of these departments are relative newcomers to strategic planning, many currently have a history of strategic planning and have developed successive strategic plans over the past 10 to 15 years. Indeed, strategic planning has become institutionalized in at least some DOTs beyond the tenure of a given administration or chief executive.

Some of the DOTs that have been involved in strategic planning for a longer time have developed comprehensive approaches to strategic management. This entails linking a de partment's strategic planning process with its operational planning, measurement, performance management, and budgeting systems in, an integrated process that allows the strategic plan to be used effectively as a framework for guiding all other decision making in the department. Whereas some departments rely heavily on action plans to implement their strategic initiatives as separate projects, DOTs increasingly are using ongoing business planning, program planning, or work planning to drive their strategic agendas into the management and decision-making processes of the organization.

Many of the DOTs contacted in this research use performance measures to monitor the implementation of strategic initiatives and track success in achieving strategic goals and objectives. Generally, DOTs are now trying to focus more on real outcome measures than previously; however, many find that defining good measures that are meaningful, reliable, accessible, and cost-effective is still difficult in some areas. Increasingly, with respect to both outcome and output measures, DOTs are establishing numerical targets for their strategic goals and objectives.

Almost all DOTs that are seriously engaged in strategic planning assign specific individuals to take responsibility for implementing particular strategic initiatives. It is important for managers who share responsibility for them to know what the expectations are regarding their individual contributions or performance with respect to these action items, particularly in the case of implementing cross-cutting strategic initiatives that cross organizational lines and are not "owned" by any particular organizational unit. Some departments are more directive than others in terms of specifying how strategic action items and tasks will be accomplished, but most rely on performance measures to provide accountability.

In many DOTs, the strategic plan and the budget influence each other, with overall budget realities influencing the development of strategic issues and plans, and strategic plans then influencing budget priorities within the range of discretionary decision making. However, it appears that costs are often not seriously considered in developing strategic initiatives. On the other hand, departments do employ a mix of budgetary mechanisms to make sure that strategic initiatives are funded.

Given the likelihood of a non-response bias in the survey, and a reliance on self-reported data in this study, it is impossible to generalize the results to the population of all state DOTs. Nevertheless, it is clear that many DOTs are taking proactive approaches toward strengthening their capacity for strategic management. Furthermore, it is clear that this is an area in which "one size does not fit all." Different agencies are at different stages in developing their strategic management capabilities; they differ substantially in terms of management style, organization culture, and available skill sets, and they tend to emphasize different aspects of the overall process.
Developing a Procedure for Evaluating the Need for Raised Medians by Mitsuru Saito, David D. Cox, Thomas G. Jin, Brigham Young University, Civil & Environ. Eng., Provo, UT 84602 (Utah DOT, Research Division, 4501 South 2700 West, Salt Lake City, UT 84114; http://www.udot.utah.gov/download.php/tid=1293/Raised%20Medians%20Final%20Report%20UT-04-11.pdf) (Jun 2004)

	Highlights

· Right angle crashes decreased in crash rate and percent share in mid-blocks,

· Rear end crashes increased in crash rate and percent share in mid-blocks,

· Crashes did not necessarily shift to intersections,

· Crash severities decreased in mid-blocks and at intersections,

· Crash rate and percent share of right angle crashes either decreased or stayed the same at intersections, and

· Crash rate and percent share of rear end crashes either increased or stayed the same at intersections.


Raised medians are useful in decreasing the number of turning conflicts at midblock locations and hence, decrease crash severity. They also control traffic movements, provide pedestrian safety, beautify an area when properly landscaped, and maintain traffic flow.

Two-Way Left Turn Lanes (TWLTLs) may also be adequate for a highway depending on circumstances described in the literature review section, since they remove left-turning vehicles from through lanes, which improves safety, reduces delay, and maintains continuous access to businesses along the highway. TWLTLs are not appropriate in high pedestrian zones and they tend to attract businesses. Hence, they are probably not good for residential areas or where businesses are not desired.

With regard to the customer survey conducted at selected stores on University Parkway, about half of customers had to change their driving maneuver when going to a business. Also, one-third of customers felt traffic congestion got worse and that property access declined. On the other hand, more than half believed that traffic safety improved and customer satisfaction did not change for 7 out of 10 customers. With that, 83 percent said they were just as likely to visit the business. Moreover, accessibility to the store was least important to customers, while product price, product quality and customer service were most important. In all, the raised median may have caused some inconvenience but traffic safety is improved and purchasing habits did not change substantially.

According to the before-and-after findings of the manager survey referred from selected stores on University Parkway, most managers did not perceive a change in the volume of business after the raised median was installed. Also, similar to the customer survey, most managers felt that traffic safety had improved and that traffic congestion had stayed the same. Moreover, managers felt that the most important reason that customers came to their business was because of product price, product quality, and customer service, which are things that the manager has some control over.

According to the crash data analysis, six general trends were found. The trends that were consistent throughout all the studied highways are the following:

· Right angle crashes decreased in crash rate and percent share in mid-blocks,

· Rear end crashes increased in crash rate and percent share in mid-blocks,

· Crashes did not necessarily shift to intersections,

· Crash severities decreased in mid-blocks and at intersections,

· Crash rate and percent share of right angle crashes either decreased or stayed the same at intersections, and

· Crash rate and percent share of rear end crashes either increased or stayed the same at intersections.

The comparison of the four raised median sites with four adjacent sites without raised medians showed no definite trends. There are many factors affecting traffic safety such as road conditions, access management, traffic conditions, and human behavior. Also, finding two sites with exactly the same condition is practically impossible. One of the goals of this comparison was to examine positive effects of raised medians on traffic safety. One segment with a raised median experienced positive effects on traffic safety (Highway 89, from North temple to 300 N), while the other three segments with raised median experienced negative effects on traffic safety. It was not clear to what extent segments with raised medians contributed more to traffic safety than those without raised median.

Based on these findings, a procedure for evaluating the need for raised medians was developed. 

Traffic Safety Facts 2003, (National Highway Traffic Safety Administration, National Center for Statistics and Analysis, NRD-31, 400 Seventh Street, S. W., Washington, D.C. 20590; ph. 202-366-4198; http://www.nhtsa.dot.gov )

	Highlights

· this report presents descriptive statistics about traffic crashes of all severities

· additional data from FARS or from GES are available

· per vehicle mile of travel…

· transit buses have the highest non-occupant fatality rate

· automobiles have the lowest non-occupant fatality rate

· motorcycles have the highest occupant fatality rate

· large trucks have the lowest occupant fatality rate

· automobiles have the lowest combined occupant/non-occupant fatality rate 

· motorcycles have the highest combined occupant/non-occupant fatality rate


The mission of the National Highway Traffic Safety Administration is to reduce deaths, injuries, and economic losses from motor vehicle crashes. Fortunately, much progress has been made in reducing the number of deaths and serious injuries on our nation’s highways. In 2001, the fatality rate per 100 million vehicle miles of travel reached a new historic low of 1.51. However, over 6.3 million police-reported motor vehicle crashes still occurred on our highways in 2001 -one every 5 seconds. On average, a person was injured in one of these crashes every 10 seconds, and someone was killed every 12 minutes. 

In this annual report, Traffic Safety Facts 2001: A Compilation of Motor Vehicle Crash Data from the Fatality Analysis Reporting System and the General Estimates System, the National Highway Traffic Safety Administration (NHTSA) presents descriptive statistics about traffic crashes of all severities, from those that result in property damage to those that result in the loss of human life. 

Information from two of NHTSA’s primary data systems has been combined to create a single source for motor vehicle crash statistics. The first data system, the Fatality Analysis Reporting System (FARS), is probably the better known of the two sources. Established in 1975, FARS contains data on the most severe traffic crashes, those in which someone was killed. The second source is the National Automotive Sampling System General Estimates System (GES), which began operation in 1988. GES contains data from a nationally representative sample of police-reported crashes of all severities, including those that result in death, injury, or property damage. The next two sections provide a brief description of FARS and GES. 

Both systems were designed and developed by NHTSA’s National Center for Statistics and Analysis (NCSA) to provide an overall measure of highway safety, to help identify traffic safety problems, to suggest solutions, and to help provide an objective basis on which to evaluate the effectiveness of motor vehicle safety standards and highway safety initiatives. Data from these systems are used to answer requests for information from the international and national highway traffic safety communities, including state and local governments, the Congress, Federal agencies, research organizations, industry, the media, and private citizens.  

Fatal crash data from FARS and nonfatal crash data from GES are presented in this report in five chapters. Chapter l “Trends,” presents data from all years of FARS (1975 through 2001) and GES (1988 through 2001). The remaining chapters present data only from 2001. Chapter 2, “Crashes,” describes general characteristics of crashes, such as when and how often they occurred, where they occurred, and what happened during the crash. Chapter 3, “Vehicles,” concentrates on the types of vehicles involved in crashes and the damage to the vehicles. 

Chapter 4, “People,” is the largest chapter of this report, with statistics about drivers, passengers, pedestrians, and pedalcyclists. The last chapter of the report, “States,” contains information about crashes for each state, the District of Columbia, and Puerto Rico. Terms used throughout the report are defined in the Glossary. 

About three-quarters of the tables in this report present data from both FARS and GES. The remaining tables contain FARS data only. Statistics describing fatal crashes or fatalities have been derived from FARS. Statistics describing injury crashes, property-damage-only crashes, or nonfatal injuries have been derived from GES. The reader should be aware that FARS numbers are actual counts of fatalities or fatal crashes, whereas GES numbers are estimates of counts of crashes and injuries and are subject to sampling and nonsampling errors. To emphasize this difference, FARS numbers are not rounded, while GES estimates have been rounded to the nearest thousand. As a result of the rounding, for some tables, the sum of the row or column entries may not equal the row or column total. In addition, percentages have been calculated prior to rounding.
	2003 Fatality Rates by Vehicle Type

	Vehicle Type
	Fatal Crashes
	Occupant Fatalities
	Non-Occupant fatalities
	Vehicle Miles

(millions)
	Occupant Fatalities/

Billion VMT 
	Non-Occupant Fatalities/

Billion VMT
	Total Fatalities/

Billion VMT

	Automobiles
	26,169
	19,460
	6,709
	1,660,828
	11.7
	4.0
	15.8

	Large Trucks
	4,669
	723
	3,946
	207,686
	3.5
	19.0
	22.5

	Light Trucks
	22,068
	12,444
	9,624
	998,004
	12.5
	9.6
	22.1

	Motorcycles
	3,751
	3,661
	90
	9,539
	383.8
	9.4
	393.2

	Transit Buses
	103
	11
	92
	2,093
	5.3
	44.0
	49.2

	Sources: Tables 36 and 74 in Traffic Safety Facts 2003, Table VM-1 in Highway Statistics 2003 (FHWA), Table 21, Public Transportation Fact Book (American Public Transportation Association).


Concrete Bridge Deck Performance, NCHRP Synthesis 333 by Henry G. Russell (Transportation Research Board, 2101 Constitution Avenue, N.W., Washington, D.C. 20418; ph. 202-334-2934; http://www.national-academies.org/trb/bookstore) (2004)

	Highlights

· use of fly ash, silica fume, and ground-granulated blast furnace slag as supplementary cementitious materials facilitates the achievement of low-permeability concretes
· epoxy-coated reinforcement continues to be the most common reinforcement used to reduce the potential for deterioration of concrete bridge decks


Concrete bridge decks can deteriorate as a result of concrete distress from freeze-thaw damage, abrasion damage, alkali-aggregate reactivity, excessive cracking, Or spalling caused by corrosion of the reinforcement. As concern about deterioration of concrete bridge decks from corrosion of reinforcement increased in the 1960s and 1970s, attention focused on several strategies to prevent or slow down the penetration of chlorides to the reinforcement. These strategies included the use of increased concrete cover, low-slump dense concrete overlays, latex-modified concrete overlays, interlayer membranes, asphaltic concrete systems, and epoxy-coated reinforcement. In the survey for this synthesis, the three strategies currently being used by most respondents to prevent corrosion of reinforcement in bridge decks were increased clear cover to the reinforcement, epoxy-coated reinforcement and low permeability concrete.

This synthesis report provides information on previous and current design and construction practices that have been used to improve the performance of concrete bridge decks. North American practices for cast-in-place (full and partial depth), reinforced concrete bridge decks on steel beams, concrete 1- and T-beams, and concrete box beams are the primary focus. To accomplish this study, information was obtained from a survey distributed to highway agencies in the United States and Canada and a review of the literature. The report includes information on the effects of concrete constituent materials and concrete mix proportions on the durability of concrete and its effectiveness in protecting steel reinforcement from corrosion, summarizes systems that have been used as alternatives to non coated steel reinforcement, discusses barrier systems designed to protect primary concrete and reinforcement from deterioration, provides information about design and construction practices related to bridge deck performance, and discusses cracking of concrete bridge decks.

The use of fly ash, silica fume, and ground-granulated blast furnace slag as supplementary cementitious materials facilitates the achievement of low-permeability concretes that slow down the ingress of chlorides. The use of high-range, water-reducing admixtures means that these concretes can be produced at a low water-cementitious materials ratio and still be placed and finished without too much difficulty. These concretes, however, require greater attention to environmental conditions during placement and greater attention to concrete curing.

The use of concretes with low water-cementitious materials ratios and supplementary cementitious materials has resulted in concretes having higher concrete compressive strengths, higher moduli of elasticity and lower creep. Although the tensile strength is higher, the other properties have led to an increase in the amount of cracking, which provides the chlorides with an easier path to the reinforcement. As a result, the increase in the number of cracks offsets the benefits of the low-permeability concrete between the cracks. Concrete mix proportions should, therefore, be selected to produce a reasonably low permeability, while not increasing the propensity for cracking.

Epoxy-coated reinforcement continues to be the most common reinforcement used to reduce the potential for deterioration of concrete bridge decks from reinforcement corrosion. However, epoxy-coated reinforcement cannot be relied on to never corrode in a wet or chloride environment. Other materials offer the potential for use as reinforcement; however, their long-term performance in bridge decks is not proven at this time.

Bridge deck protective systems that are designed to protect the primary concrete and reinforcement from conditions that will cause their deterioration include overlays, membranes, sealers, and cathodic protection. Latex-modified concrete overlays and low-slump dense concrete overlays have, in general, performed satisfactorily. Results with membranes appear to be mixed. The life of the membrane system is limited more by the life of the protective cover over the membrane than by the life of the membrane itself. However, states with more experience in using membranes have achieved longer lives for their systems.

Sealing of concrete surfaces can be used to delay the effects of deterioration if deterioration is not already underway. However, the performance of sealers is difficult to assess because of inconsistencies between laboratory tests and field tests and a lack of national standard testing specifications. Nevertheless, sealers do offer a low initial cost approach. Cathodic protection systems have been used, but have not been proven to be maintenance-free or cost-effective.

Several design practices can be beneficial to improve concrete bridge deck performance, including increasing deck thickness, minimizing restraints to shrinkage of the deck, using smaller size reinforcing bars at closer spacing, and providing adequate cover. In construction, the need to provide adequate curing is an essential component to obtaining a durable concrete bridge deck.
Integral Steel Box-Beam Pier Caps, NCHRP Report 527 by Wagdy G. Wassef Dustin Davis, Sri Sritharan, Justin R. Vander Werff, Robert E. Abendroth, Juli Redmond, Lowell F. Greimann (Transportation Research Board, 2101 Constitution Avenue, N.W., Washington, D.C. 20418; ph. 202-334-2934; http://www.national-academies.org/trb/bookstore) (2004)

	Highlights

· Integral pier connections are most likely to be used for bridges with high skew angles and are supported on single column piers.
· Because of the lower approach elevation, the combined cost of the bridge and the approaches is expected to be lower than that of a conventional bridge.


Conventional I-girder bridge superstructures usually are supported on bearings placed on the bridge substructure. The bearings are designed to support the vertical reaction of the bridge girders and may also be designed to restrain the horizontal movements of the bridge. The bearings are usually detailed to allow the superstructure to rotate at pier locations. The superstructures and substructures of conventional bridges essentially are designed as separate systems.

Unlike conventional bridges, an integral connection between the superstructure and substructure provides some degree of continuity between the two systems, thus enhancing the seismic performance of the structure. In addition, the elevation of the bottom of the integral pier cap may be the same as that of the bottom of girders. This reduces the need to elevate the bridge approaches to provide adequate clearance under the bridge while orienting the pier caps in a direction perpendicular to the girders. This orientation is preferred as it eliminates the problems associated with sharp skew angles.

This report presents the details and results of the work on the use of integral connections for steel I-girder bridge superstructures connected integrally to concrete substructures. This work was conducted under NCHRP Project 12-54.

It is feasible to integrally connect reinforced concrete columns to box-beam pier caps by extending the column longitudinal reinforcement through holes in the pier cap flange and filling the pier cap compartment directly above the column with concrete. The resulting connection is sufficient to develop the plastic hinging of the column, given that anchorage adequate to fully develop the column longitudinal reinforcement inside the pier cap is provided. The first test specimen, which had a deeper pier cap and longer anchorage length of the column longitudinal reinforcement, reached a ductility of µΔ = 6.0 before failure. The second test specimen, with a shallower pier cap, reached a ductility of µΔ = 4.0 before failure. The failure at this lower ductility essentially resulted from the loss of bond between the column bars and the concrete in the integral connection region.

Integral pier connections are most likely to be used for bridges with high skew angles and are supported on single column piers. The use of the integral pier connections results in lower elevation of the bridge deck and the approaches without reducing the bridge underclearance. The cost of bridges with integral connections is expected to exceed conventional bridges; however, because of the lower approach elevation, the combined cost of the bridge and the approaches is expected to be lower than that of a conventional bridge.

Extending the column spiral reinforcement into the connection region is required to ensure adequate confinement of the connection region. The required spiral reinforcement in the connection region may be taken as the greater of the minimum spiral reinforcement required by the design specifications and one-half the required column spiral reinforcement next to the integral connection region.

The live load distribution factors in the current design specifications, which were developed for use with bridges supported on conventional bearings, may be used for bridges with integral connections.

Using grillage models to analyze bridges with integral connections is expected to yield high accuracy. 
Assessing the Benefits of Traveler and Transportation Information Systems by Taryn Kristof, Mike Lowry, G. Scott Rutherford, Washington State Transportation Center (TRAC) University of Washington, Box 354802, University District Building; 1107 NE 45th Street, Suite 535 Seattle, Washington 98105-4631 (Research Office, Washington State Department of Transportation, Transportation Building, MS 47370, Olympia, Washington 98504-7370) (Mar 2005)

	Highlights

· ITS Deployment Analysis System (IDAS) is the best method of determining ATIS performance.


It is generally believed that advanced traveler information systems (ATIS) are among the most cost-effective investments that a transportation agency can make. The goal of these strategies is to provide travelers with information that will facilitate their decisions concerning route choice, departure time, trip delay or elimination, and mode of transportation. Agencies usually employ a variety of ATIS methods to reach different travelers. Despite the popularity of ATIS projects, there is no reliable and defensible method for evaluating the benefits of such projects. The following report describes current ATIS practices and evaluation methods. An evaluation method called the ITS Deployment Analysis System (IDAS) is suggested for use by the Washington State Department of Transportation (WSDOT).

Every state in the U.S. incorporates some form of ATIS. Across the country cities collect information with varying levels of sophistication, from simple highway patrol reports to complex systems of camera surveillance and electronic traffic sensors. Likewise, the means of disseminating the information varies. The most common dissemination methods are highway advisory radio, variable message signs, and telephone information services. A growing number of cities also provide Web/Internet sites and personal data assistant-type in-vehicle devices for traveler information.

The benefits of ATIS projects can be evaluated through field studies, simulation software, and surveys. Field studies provide reliable, defensible results; however, they are extremely expensive and difficult to execute. The use of simulation software offers a simple, inexpensive alternative to field studies. There are a variety of simulation methods, yet none produces detailed results, nor do any claim to provide a completely accurate evaluation. Surveys are useful for customer satisfaction but do not provide the quantifiable conclusions necessary for benefit/cost analysis.

The simulation methods are the most practical and the IDAS method, which is endorsed by the U.S. Department of Transportation, is the most promising. IDAS is a "sketch" planning tool intended for screening and prioritizing all intelligent transportation systems (ITS) projects (not just ATIS projects). The software evaluates a number of benefits. These are determined by changes attributable to the deployment of ITS in vehicle miles traveled (VMT), vehicle hours traveled (VHT), volume-capacity (v/c) ratios, and vehicle speeds throughout a given network. Table ES-I shows the benefits that IDAS evaluates.

Conclusions

Across the country traditional transportation improvements are unable to satisfy current travel demands. Research has shown that ATIS strategies can appease today's information-hungry traveler and provide substantial benefit to the transportation system. Unfortunately, a reliable and defensible method for evaluating their benefits of these new projects is lacking. This project reviewed the current methodologies that attempt to evaluate ATIS deployment. As a result, the IDAS methodology is presented as the recommended evaluation method for sketch planning of ATIS implementation.

IDAS is the best evaluation methodology for a number of reasons. Foremost, IDAS is sponsored and endorsed by the USDOT. Consequently, it is in tune with current federal recommendations and is sure to progress hand in hand with the advancing ITS field. Second, IDAS is designed to evaluate a variety of ITS components. This is beneficial because ATIS projects are progressively being viewed as a standard component of large, comprehensive projects.

The current IDAS methodology makes a number of assumptions about ATIS that threaten the accuracy and dependability of the evaluation is the method also assumes that ATIS components do not change the traffic assignment in a way that would affect the calculation of benefits. However, ATIS research suggests that this assumption is incorrect. Fortunately, the IDAS user has the potential to change this assumption through user-defined benefits. Moreover, the inaccuracy maybe considered unimportant because IDAS is intended as a sketch planning tool for comparing and prioritizing ITS components. The IDAS developers have stated that efforts are under way to settle this issue before the release of the next version.

IDAS offers the best methodology for benefit evaluation; however, it should be used with caution. The three case studies introduced unanimously concluded that obtaining local values for the impact settings is essential for successful execution. A number of adjustments to the default values are recommended. These recommendations will allow the WSDOT to successfully employ IDAS for ATIS evaluation.
	Benefit
	Determined by the change in

	In-Vehicle Travel Time
	VHT

	Out- Vehicle Travel Time
	VHT

	User Mobility
	VHT

	Travel Time Reliability
	VMT, v/c ratio

	Internal Accident Costs (paid by traveler)
	VMT, v/c ratio

	External Accident Costs (paid by society as a whole)
	VMT, v/c ratio

	Fuel Costs
	VMT, vehicle speed

	Vehicle Emissions (HC/ROG, NOx, CO, PM10, CO2, Global Warming)
	VMT, vehicle speed

	Noise Impact
	VMT


Use of Automatic Position Reporting System Data for Enhancing Transportation Planning Operations in Transportation Research Record 1870 by John Meaker and Mark W. Horner, J. Meaker, Department of Geography, Texas State University, 7805 Epping Lane, Austin, TX 78745 M. W. Horner, Department of Geography, Florida State University, 323 Bellamy Building, Tallahassee, FL 32306-2190 (Transportation Research Board, 2101 Constitution Avenue, N.W., Washington, D.C. 20418; ph. 202-334-2934; http://www.national-academies.org/trb/bookstore) (2004).

	Highlights

· Amateur radio operators have constructed a network of automatic position reporting system (APRS) stations.
· This paper presents a method for using APRS data as a source for information about traffic network performance.


Travel time and mean speed on strategic highway segments are a common standard measurement of the performance of our nation's traffic networks. These parameters can be measured from several sources, including inductance loop detectors, radar, and computer vision techniques applied to in-place traffic cameras. Several technologies use probe vehicles in the traffic stream to collect travel time data. Automatic vehicle identification systems, such as those used for automated toll collection, can measure travel time between toll booths or other measurement points. Signpost-based systems used by transit agencies for tracking transit vehicle locations have been used for travel time data collection. Cellular phone tracking has been successfully demonstrated in a pilot project intended to derive travel time estimates.
With the exception of some automated vehicle locator (AVL) traffic probe and cellular systems, these tools can measure speeds only at a limited number of predetermined points within the system, and they are expensive to install and maintain. In contrast, vehicle probes are a simple and accurate way to directly measure travel times between points. Traffic management systems (TMSs) that use vehicle probe data are in operation in Houston, San Antonio, New York, and New Jersey. In addition to TMS approaches, probe vehicle information can be used as dynamic input data for traveler information systems such as ADVANCE, a route guidance system that incorporates real-time information about arterial roads and local streets. Probes are not limited, geographically, to certain roads or locations, whereas many of these traditional systems collect traffic data only at monitoring points, such as toll booths or other predetermined points of interest.

Probe vehicles equipped with a Global Positioning System (GPS) have been used successfully in traffic engineering studies to estimate travel time. It has been demonstrated that AVL-equipped vehicles can be used as traffic probes to determine speed and travel times on freeways and major highways in real time. Rather than monitoring travel time only on arterial and major highways, planning efforts could be augmented if speed data were obtained for highways that do not have fixed data collection systems. This would allow planners to obtain a more regionalized picture of network performance as well as help fill any gaps in the system. Fortunately, an untapped source for real-time speed and travel data for AVL-equipped vehicles is already in place and is freely available for public use. Amateur radio operators have constructed a network of automatic position reporting system (APRS) stations. The system uses amateur radio frequencies to transmit position information, weather reports, and communications between participating stations. The system makes use of mobile GPS receivers that send position and velocity information over the amateur radio network. These vehicles perform like any other AVL-equipped vehicle and can support applications that require traditional traffic probe data.

This paper introduced APRS data as an approach for use of GPS-equipped traffic probes as a potential information source for transportation operations. These data are easily retrieved via the Internet so that analysis of the benefits and weaknesses of such systems can be easily assessed. The basic infrastructure described here was implemented by volunteers with their own funds, and this demonstrates the practicality of such a system. A hardened commercial system with the same basic architecture may be able to provide real-time information on highway performance. Furthermore, these data generally are accurate; their relative comparability to a secondary speed data source (loop sensors) was demonstrated. Future research and work involving GPS-equipped traffic probe data should look to (a) expand the visibility of the data as a source of road performance information, (b) integrate these data into existing performance monitoring strategies, and (c) integrate real-time GPS traffic probe data into other substantive transportation research domains (e.g., activity analysis, GIS for transportation).

The variance in travel time is an important measure of the reliability of the transportation network. It has been demonstrated that the variance in travel time can be quantified by using several journeys as tracked by APRS over the same road segment. Future research could include measuring systemwide travel times while controlling for highway type and estimating travel time variances within the region.

The real advantage of the APRS system goes beyond its use as a tool for measurement and analysis. It provides a conceptual model and a test bed for discovering how GPS-equipped probe vehicles can be used as part of a more holistic regional travel assessment system, whereby information is distributed over radio waves and the Internet. Some disadvantages of the ad hoc APRS strategy discussed here would no longer apply if a small-scale prototype system were developed in which local traffic probes were put into place and monitored by a transport authority. Indeed, rental of data collection modules for temporary installation into probe vehicles for annual performance review of the traffic system would be an excellent trial of the technology and may ultimately justify need for a permanent system. It is hoped that this discussion of APRS, the system architecture for working with the data, and some of its properties will spur development of these ideas in the transportation field.
Demand Responsive/ADA, TCRP Report 95, Chapter 6 by Frank Spielberg & Richard H. Pratt (Transportation Research Board, 2101 Constitution Avenue, N.W., Washington, D.C. 20418; ph. 202-334-2934; http://www.national-academies.org/trb/bookstore) (2005)

	Highlights

· modes of operation & types of markets are discussed


Modes of Operation

Point-to-point. This strategy involves picking up one or more passengers at a given location, in response to a service request, and transporting the passenger(s) to a specific destination. If passengers traveling to or from other points are picked-up or dropped-off during the trip, this may be referred to as a shared service. Taxi services are typically point-to-point, non-shared services.

Point Deviation (or Checkpoint Deviation). This type of service is operated between two fixed endpoints, typically on a fixed schedule, and often over a general route defined by relatively widely spaced fixed stops. The vehicle will deviate up to some distance away from the route in response to a request to pick up or discharge passengers. In some cases, a "service zone" rather than a distance from a route is defined.

Route Deviation. This is a service operated between two fixed endpoints on a fixed schedule over a predefined route. Bus stops spaced in a manner typical of a fixed route are utilized. Vehicles may deviate off the route, however, in response to a passenger service request. The vehicles must return to the fixed route at essentially the same point from which the deviation was made, in order to serve the next bus stop. Route deviation is like point deviation with closely spaced checkpoints.

Point and route deviation services have been used when there are general demand corridors oriented toward a major generator, such as the center of a town or a shopping center, but the area for which coverage is required cannot be served by operating a single fixed route. Route and point deviation general public services have also been used in lieu of a fixed route in order to permit accommodating ADA related demand without a separate operation.

Any of the demand responsive services may be operated as point-to-point (individual addresses) or stop-to-stop (pre-designated boarding/alighting locations), although practically all are presently point-to-point when in the demand responsive mode. In turn, point-to-point services may be operated curb-to-curb (pick-up and drop-off on the roadway in front of an origin or destination) or door-to-door (driver escorts the rider to and from the doorway). General public service is typically curb-to-curb, while services for individuals with special needs may be curb-to-curb or door-to-door.

Types of Markets

General Public, Urban Demand Responsive. This is the market of servi<;e operated in an urban (or more likely suburban) environment, available to all who wish to ride at an established fare. Persons wishing to travel must call ahead to request service. Calls are generally required at least two hours in advance of the requested trip time, but often the prior day. Return trips are usually scheduled at the same time. Many systems permit “standing orders” for regular trips, resulting in a near-" subscription" type of service.

General Public, Rural Demand Responsive. This is the corresponding service market in rural areas. Application of a demand responsive strategy to provide transit service is far more common in rural than urban areas, primarily as a result of the substantially lower demand densities and longer trip distances. Rural services are typically operated as many-to-one or many-to-few, with passengers gathered from dispersed origins and transported to specific destinations such as shopping areas, health centers and the like. Although rural services are often operated by social service agencies, with emphasis on taking agency clients to and from program activity sites, many such services are available for use by the general public as part of a coordinated system. Services are often restricted to specific times, for example, pick-ups at residences between 8:00 and 10:00 AM, or specific days, such as service on Tuesdays and Thursdays only.

Demand Responsive Feeders to Fixed Routes. A specialized market application of demand responsive services is their use for collection/ distribution functions supportive of fixed route transit. The fixed routes may be either bus, such as in Norfolk, VA or Raleigh, NC; or rail, as in the case of CalTrain and Metro North commuter rail operations. The areas served by the demand responsive operation are typically limited to a specific set of neighborhoods or employment sites and are operated using a many-to-one strategy or point deviation.

ADA Complementary Services. Regulations implementing the Americans with Disabilities Act (ADA) require that some form of paratransit service be made available for persons who, because of a disability, cannot access or use conventional transit services. This complementary service must be available at the same times and in generally the same locations as conventional services. "Generally the same locations" has been interpreted as within 3/4 mile of a fixed route service. These ADA services are operated using a "call-for-service" system, typically as point-to-point dial-a-ride. Ridership is restricted to those who are certified as "ADA eligible" or who meet other criteria established by the transit operator.

Social Service Transportation. This is the market of service operated by or for a social service agency and available primarily or only to individuals who are clients of the agency and participating in agency programs. The time of travel and the destination of the trips are established by the agency rather than the traveler. Trips are almost always prescheduled. The operating strategy is many-to-one or many-to-few.
The Quiet Success: Telecommuting’s Impact on Transportation and Beyond by Ted Balaker (Reason Foundation, 3415 S. Sepulveda Blvd., Suite 400, Los Angeles, CA 90034; ph. 310/391-2245;  http://www.reason.org/ps338.pdf) (Nov 2005)

	Highlights

· Telecommuting may be the most cost-effective way to reduce rush-hour traffic.

· Trends suggest that telecommuting will become even more prevalent in the future.

· America’s workers have shown they are open to telecommuting. Now it’s up to our leaders in politics and business to allow telecommuting to reach its full potential.


Telecommuting may be the most cost-effective way to reduce rush-hour traffic. Other than driving alone, telecommuting is the only commute mode to gain market share since 1980. Roughly 4.5 million Americans telecommute most work days, roughly 20 million telecommute for some period at least once per month, and nearly 45 million telecommute at least once per year.

Telecommuters drive less than office workers. During the days they telecommute, workers reduce their daily trips by 27 to 51% and driving (vehicle miles traveled) by 53 to 77%. Telecommuters outnumber transit commuters in 27 out of 50 major metropolitan areas (those with populations over 1 million). Telecommuters outnumber transit commuters in places like San Diego, Dallas, and Phoenix. 

Most of the top telecommuting metropolitan areas tend to be fast-growing regions with high concentrations of technologically savvy workers who feel comfortable using the Internet and other tools common to remote work. Every major metropolitan area has experienced strong growth in telecommuting. Trends suggest that telecommuting will become even more prevalent in the future. 

Trends

Increased wealth and increased driving generally go hand-in-hand. Commuters have shown through their actions that driving alone is the option that offers the most convenience, speed, and comfort. Driving alone is clearly a mode of wealth, and as the only other wealth mode, telecommuting is uniquely suited to compete with solo driving. No matter how fast driving alone might be, it will never be faster than avoiding the trip entirely. Indeed virtual trips are the natural extension of increased mobility. 

Improved technology has made physical location less important. If you can enjoy all or most of the benefits of conducting a meeting via conference call or teleconference it becomes less necessary for business associates to drive to a central location. Constantly improving technology will continue to give more people more opportunity to telecommute more often.

As the “knowledge economy” expands more of us will work in occupations that are better suited to telecommuting. For more of us, the product of our labor is not a physical thing, but an idea, and ideas, unlike manufactured products, are weightless and well-suited to electronic transmission.

America’s metropolitan areas are decentralizing, but we’re not alone—Paris, London, Tokyo—nearly every major metropolitan area in the developed world is decentralizing. The term “central business district” grows ever more misleading as CBDs decline in importance and give way to a multitude of employment clusters. The rise of decentralization does not necessarily aid telecommuting, but since it is so difficult for certain other commute modes to adjust to this demographic shift, at-home work becomes more feasible by comparison. Most commuters do not go directly to and from work, but stop along the way to pick up kids, drop off dry cleaning, buy a latté or to complete any number of errands. The countless origin and destination points make it even harder to coordinate carpools or design transit systems.

From iPods, to Tivo to blogs, Americans enjoy personalizing their lives. Like other versions of the flexible workplace, telecommuting allows workers to personalize their work environment. Telecommuting requires workers to learn about themselves, and to discover the environment that suits them best.

Telecommuting offers potentially big time savings. In most of our nation’s large cities, those who telecommute three out of five work days for a year would save five or more calendar days of traveling to/from work. New York City commuters would save the most time—nearly 8 days per year.

Telecommuters are often more productive than office workers. Telecommuting can cut recruitment and training costs, absenteeism costs, as well as real estate and building maintenance costs. Telecommuting is good business. 

Political Barriers

Zoning codes hamper the growth of telecommuting, by, for example, strictly limiting the types of activities allowed in residential districts. Local officials should relax zoning codes and allow for more home-based work.

If minimum parking requirements were eliminated, developers would not have to abide by regulations that often order more parking spaces than necessary. They would have greater flexibility to build only the number of parking spaces that are truly needed. Employers would be more likely to adopt programs that give employees the option to “cash out” the cost of their parking. Employees would be more likely to take the extra money and telecommute instead of driving to work.

Laws that make online services unnecessarily expensive make the tools of telecommuting unnecessarily expensive, and the result is that fewer people will telecommute.

Telemedicine gives patients—especially patients in remote areas—access to more and better health care options, but regulations prohibit physicians from practicing medicine across state lines. In the United States, medical professionals go through a thorough licensing process, no matter the state. Policy should allow anyone licensed in any U.S. state to practice telemedicine in any other state. 

In 2000, the Occupational Safety and Health Administration (OSHA) attempted to expand its authority into home offices. Although the attempt ultimately failed, it raised suspicions regarding future government efforts to regulate home office environments. Often employers are already suspicious of telecommuting. If they were liable for the conditions of home offices, they would be even less likely to support at home work. Elected officials should pass legislation that ends the regulatory uncertainty and makes it clear that OSHA-style regulations will never be allowed to enter the home office.

Transit Scheduling and Frequency, TCRP Report 95, Chapter 9 by John E. (Jay) Evans, IV (Transportation Research Board, 2101 Constitution Avenue, N.W., Washington, D.C. 20418; ph. 202-334-2934; http://www.national-academies.org/trb/bookstore) (2005)

	Highlights

· The overriding service quality objectives of scheduling and frequency changes are to minimize overall passenger trip time and enhance convenience.


Scheduling and frequency modifications are among the most common service changes that transit operators make to improve service effectiveness. Both cost effectiveness and service quality are primary goals to be served, with appropriate trade-offs. A cost effectiveness operating objective where transit use is high is to adjust capacity to demand, for adherence with passenger loading standards and productive distribution of service. A related objective applicable in all circumstances is to increase transit vehicle and crew utilization efficiency. The overriding service quality objectives of scheduling and frequency changes are to minimize overall passenger trip time and enhance convenience.

The resulting traveler response is of concern whichever the perspective -- cost savings or service enhancement. A better understanding of the response of riders to frequency changes should result in design of more effective service modifications.

Scheduling and frequency most particularly affect that aspect of transit service quality which is the waiting time patrons encounter and perceive in making a transit trip. Individual changes may have the objective of reducing wait time at the start of a transit trip, or minimizing wait time if a transfer between two vehicles is required. Scheduling changes may be made to increase the ease of passenger comprehension of the schedule. Related actions may have the objectives of improving the reliability of the service, reducing both real and perceived passenger wait times, and lowering passenger anxiety. These service quality objectives support the goals of providing a more attractive service, increasing transit ridership, and shifting travel out of low occupancy autos.

Scheduling and frequency changes generally involve the manipulation of service hours and headways, and details of transit vehicle arrival and departure timing. Such changes are, in effect, a specialized form of transit service improvement or reduction that involves no alteration of coverage or routing. The following general types of changes are discussed further within this chapter:

Frequency Changes. This strategy involves increasing or reducing the number of scheduled transit vehicle trips to provide an increase or decrease in service frequency.. Headways and passenger wait times are correspondingly shortened or lengthened.! Such changes may be concentrated in the peak or off-peak periods, or may apply overall.

Service Hours Changes. Under this strategy the span of service is increased or decreased by lengthening or shortening the service day during which service is provided, or by adding or eliminating days of service, such as Sunday operation. The hours during which taking transit is an option are correspondingly increased or constrained, and the likelihood of being stranded without service is likewise affected.

Frequency Changes with Fare Changes. Frequency changes (and service hours changes) are often implemented in conjunction with fare changes. Pairing frequency reductions with fare increases is a common approach to transit deficit reduction, while increased frequency may be implemented together with decreased fares to up ridership and enhance value received by the consumer.

Combined Service Frequencies. This approach is the outcome of offering a combination of different transit services to address diverse needs of patrons, while concurrently providing service frequency options to selected markets. For example, overlaying express service onto local service on the same street provides service tailored to passengers making both long and short trips. At the same time, for trips that can be made by boarding and alighting where both service types stop, this approach provides the option of either taking the next bus or waiting for the preferred service.

Regularized Schedules. This strategy uses rescheduling to obtain regularized service frequency and associated benefits. Regularized schedules can result in easy-to-remember departure times, matches with regularly scheduled activities, or better coordination at transfer points. Timed transfers minimize transfer wait times and, therefore, reduce total travel times for multi-route passengers.

Reliability Changes. Reliability of service is an issue allied with scheduling. Lack of reliability can take the form of deviations from scheduled arrival and departure times, transit vehicle or train trips missed altogether, or both. Correction reduces passenger wait time, delay and uncertainty.

Rescheduling and frequency adjustments are often included as elements of more extensive transit service modifications. 
Developing Guidelines for Roundabouts by Mitsuru Saito and Michael Lowry, Brigham Young University, Civil & Environ. Eng., Provo, UT 84602 (Utah Department of Transportation, Research Division, 4501 South 2700 West, Salt Lake City, Utah 84114; http://www.udot.utah.gov/download.php/tid=1293/Roundabouts%20Final%20Report%20UT-04-10.pdf) (Jun 2004)

	Highlights

· Maryland DOT’s roundabout design guidelines were the first state roundabout guide.
· As for the analytical and design software, RODEL and aaSIDRA appear to be most comprehensive and capable


Roundabouts have become popular in the United States in the past ten years. Roundabouts have been especially popular in cities in the state of Utah. UDOT has recently installed three roundabouts on its state highways, but UDOT does not have specific guidelines or criteria to judge whether roundabouts would be appropriate for the requested site. The objectives of this study were the followings.

· Evaluate existing UDOT’s roundabouts (three roundabouts at the time of this writing) and some of the roundabouts constructed by local communities to identify factors affecting their performances

· Analyze existing roundabouts and conduct literature search to develop geometric and traffic constraints that will constrain the installation of roundabouts, including the existence of bicycles, pedestrians, the handicapped, and the elderly and children

· Conduct literature search and summarize the sign and marking practices for roundabouts

· Produce a set of guidelines and design standards used for selecting a roundabout instead of a regular intersection and a sample of policies and procedures

Findings

There are hundreds of international articles, reports and studies providing information concerning the design, operation and benevolence of the modern roundabout. In the United States roundabout implementation is relatively new and therefore the literature is often limited and at time contradictory. NHCRP has been studying roundabouts as this study was underway. The NCHRP 3-65 Applying Roundabouts in the United States is near completion as this final report is being prepared. This NCHRP study will undoubtedly provide more definitive directions for design, analysis, and implementation of roundabouts in the United States.

Several state departments of transportations were found to have their roundabout design guidelines, from simple to elaborate ones. The Maryland DOT’s roundabout design guidelines were the first state roundabout guide. Other states DOT that have their own guidelines include Florida, Oregon, New York, Pennsylvania, Washington, and Missouri. The development of the guidelines and design standards, including sign and marking guidelines, of this study relied upon the information found in:

· FHWA. Roundabouts: An Informational Guide,

· Washington State DOT. Design Manual, Section 915: Roundabouts,

· Missouri DOT. Project Development Manual,

· Arizona DOT. Roundabouts: An Arizona Case Study and Design Guidelines, Final Report 545,

· AASHTO. A Policy on Geometric Design of Highways and Streets, and

· FHWA. MUTCD Millennium Edition – Proposed Revision No. 2.

As for the evaluation of the existing roundabouts, roundabouts in Lehi, Park City, Bloomington (owned by UDOT), and the main entrance to Utah Valley State College were visited and observed for their geometric and traffic conditions. In general, several issues exist that would require UDOT engineers’ attention at these roundabouts. One of the issues is access to business establishments near the roundabouts. Both Lehi and Bloomington roundabouts have the entry and exit of a gas station very close to the roundabouts; entries and exits to these gas stations are located in the flared sections of roundabouts and turning into and out of these gas stations are hazardous and potentially become the source of capacity reduction of the roundabouts. Another major concern is lack of concern for pedestrians. During the field observations, several pedestrians were seen to cross the legs that did not have a pedestrian path, simply because those legs are close to their dwellings. As for traffic demands on roundabouts, future land use patterns of the areas surrounding the roundabouts need to be carefully evaluated at the time of the design, as well as the current land use patterns and traffic demands for the roundabouts. Once the lands surrounding the roundabouts are developed, it would be extremely difficult to widen the roundabouts.

As for the analytical and design software, RODEL and aaSIDRA appear to be most comprehensive and capable to reflect design features such as flare length and central island angles. RODEL is empirical and aaSIDRA is based on the gap acceptance concept. Two software programs, HCS and Synchro, produced in the U.S. are both based on the gap acceptance concept. Both software programs can analyze roundabouts with only one lane in the circular path. Compared to RODEL and aaSidra, they are inflexible and limited.

Two simulation software programs that are available to UDOT engineers, SimTraffic and VISSIM, were tested in this software. Both programs can handle multi-lane roundabouts. Entering data for SimTraffic is straight forward and done through Synchro; hence, the program still lacks the flexibility and simulation power of VISSIM. VISSIM provides the user more control than SimTraffic in the extraction of performance results such as delays and travel times. Due to the ease of data input, SimTraffic can be used to get the feel of what might happen to the roundabout under design. However, for an in-depth analysis, use of VISSIM is recommended.

Driver Behavior Characteristics at Urban Signalized Intersections in Transportation Research Record 1862 by Kerrie L. Schattler and Tapan K. Datta, Department of Civil and Environmental Engineering, Wayne State University, 5451 Cass Avenue, Detroit, M14B202 (Transportation Research Board, 2101 Constitution Avenue, N.W., Washington, D.C. 20418; ph. 202-334-2934; http://www.national-academies.org/trb/bookstore) (2004).

	Highlights

· In the year 2001, there were 218,000 traffic crashes involving red-light running in the United States, which included 181,000 injuries and 880 fatalities.
· If an ARI of adequate length is used, drivers will have a lower probability of being involved in a right-angle crash.


Red-light running and the associated risk of severe crashes at signalized intersections have been an ongoing concern to many safety professionals. The proportions of crashes that occur due to such driver behavior represent a substantial number of crashes at urban and suburban signalized intersections in Michigan. In the year 2001, crashes related to red-light running in Michigan represented about 13 % of all crashes occurring within intersections of all types. Within signalized intersections, red-light-running crashes represent 28% of crashes and 40% of fatal and serious injury crashes in the year 2001. The red-light-running crash trends in Michigan are similar to those in the nation. It has been estimated that in the United States more than 1.8 million crashes occur at intersections of all types each year. In the year 2001, there were 218,000 traffic crashes involving red-light running in the United States, which included 181,000 injuries and 880 fatalities.
Many initiatives to discourage red-light running have been used with various degrees of success. Such programs include public awareness campaigns, automated enforcement programs, and some engineering countermeasures. These efforts have affected the overall crash experience in the communities where the programs have been implemented.

Low-cost safety treatments at signalized intersections are often effective in mitigating traffic crashes and injuries, some of which may be a result of red-light running. Many safety projects in Michigan involving low-cost safety treatments have achieved significant crash reductions. Some of the engineering improvements include redesigning the signal change (yellow) and clearance (all-red) intervals, upgrading the signal lenses to 12 in. (30.5 cm) in diameter, installing left-turn lanes and/or phases where needed, restriping the intersection approaches, aligning the signal heads over the travel lanes, and others. Past research has indicated that providing longer signal change and clearance intervals (CCI) at intersections is often effective in reducing the number of red-light violations (RLV) at signalized intersections.

A potential high-risk situation is created by drivers who enter the intersection late in the yellow change interval, or even after the onset of the red signal, and are traveling through the intersection when the cross-street signal turns green. This is referred to as a late exit (LE). The provision of an all-red clearance interval (ARI) of adequate length protects late-exiting vehicles from being exposed to oncoming cross-street traffic. Therefore, if a vehicle enters the intersection late in the yellow change interval, or just after the onset of the red signal, the provision of the ARI minimizes the probability of the exposed vehicle being involved in a right-angle collision, because the release of the cross-street traffic is delayed. Therefore, engineering countermeasures such as the provision of an adequate ARI may improve intersection safety and help reduce right-angle crashes, even if drivers run the red light within a fraction of a second after the onset of the red signal.

A study was conducted in Michigan to examine RLV, LE, and traffic crashes at urban signalized intersections. The purpose of this study was to identify the impact of signal timing CCI (mainly the ARI) on the stated driver behavior characteristics.

This study included the evaluation of the ARI on RLV and LE at nine intersections in Detroit, Michigan. Four approaches of four test intersections (total of 16 approaches) were used as the test sites that had ARI with lengths determined by the ITE equation. Four approaches of five intersections (total of 20 approaches) were used as control sites, which had no ARI or ARI with lengths less than that determined by the ITE equation. Specifically, 12 of the 20 control sites had no ARI present in the signal timing, four sites had ARI of 0.5 seconds, and four sites had 1.0-second ARI. The results of this study indicated the following:

· The safety consequences of drivers who violate the red signal within a fraction of a second after it turns red depend on proper use of the ARI. If an ARI of adequate length is used, drivers will have a lower probability of being involved in a right-angle crash. If an ARI is not present or does not have an adequate length, these drivers have a higher probability of being involved in an angle crash.

· A comparison of the test and control groups in Detroit indicated that the LE rates (LE per hour, LE per 1,000 through vehicles, and LE per 10,000 vehicle cycles) at the test sites with ARI of adequate length were significantly lower than those at the control sites, which had no or inadequate lengths of ARI. However, the statistical test on RLV rates (RLV per hour, RLV per 1,000 through vehicles, and RLV per 10,000 vehicle cycles) indicated that there were no significant differences in the RLV experience at the test and control sites in Detroit.

· A comparison of the angle crashes involving red-light running indicated that, on average, these crashes were significantly lower at the test group than at the control group of intersections.

Providing adequate ARI can significantly affect intersection safety by reducing the probability of occurrence of right-angle crashes, even if drivers run the red light (within a fraction of a second after the onset of the red signal). Thus, even though the presence or absence of an ARI does not influence a driver's decision to violate the red signal, ARI of adequate length can provide significant safety benefits. The effects of implementing ARI of adequate length (according to the ITE equation) will allow the intersection to operate safely.

Guidelines for Determination of Optimal Traffic Responsive Plan Selection Control Parameters by Montasir Abbas, Nadeem Chaudhary, Geza Pesti, and Anuj Sharma, Texas Transportation Institute, Texas A&M University, College Station, Texas 77843-3135 (Texas Department of Transportation, Research and Technology Implementation Office P. O. Box 5080, Austin, Texas 78763-5080; ph. 979-845-1713) (March 2005)

	Highlights

· The Traffic Responsive Plan Selection (TRPS) mode has the greatest potential to provide optimal operation.

· This report documents a novel and comprehensive methodology for robust and optimal selection of TRPS parameters and thresholds.


Closed-loop traffic control systems can be operated in either Time-of-Day (TOD) mode or Traffic Responsive Plan Selection (TRPS) mode. When properly configured, the TRPS mode has the greatest potential to provide optimal operation due to its ability to accommodate abnormal traffic conditions such as incidents, special events, and holiday traffic. Most importantly, TRPS mode can reduce the need for frequent redesign/updates to signal timing plans. Although TRPS mode can provide a more optimal and snappier operation than TOD mode, numerous parameters (e.g., cycle level parameters, directionality parameters, smoothing factors, weighting factors, etc.) have to be set up correctly for the system to work as intended. Otherwise, TRPS mode may select inappropriate timing plans or cause the closed-loop system to run in a continuous transitioning state. To date, there have not been any formal guidelines for selection of robust and optimal TRPS system parameters and thresholds. Due to the lack of formal, clear, and comprehensive guidelines, traffic engineers usually revert to the TOD mode of operation for its ease of setup. As a result, the benefits of closed-loop systems are not fully utilized. This research was conducted to develop a methodology for selection of TRPS parameters and thresholds based on a scientific procedure. In addition, the research was also to produce simplified guidelines to facilitate the implementation of the methodology.

The objective of this research was to develop a methodology and guidelines for selection of optimal and robust TRPS control parameters and thresholds for arterial networks. The developed guidelines were desired to 1) be based on a scientifically sound procedure as opposed to a system fine-tuning approach, and 2) be presented in a simplified manner in the form of charts or tables for ease of implementation. This objective was achieved through the following activities:

· Study the TRPS control mechanism.

· Evaluate the state of the practice in TRPS setup.

· Develop a procedure for optimal overall system performance.

· Develop a scientific procedure for determination of the TRPS system parameters and thresholds.

· Develop guidelines for the selection of optimal TRPS system parameters and thresholds.

· Present the developed guidelines in the form of charts or tables for ease of implementation.

This report documents a novel and comprehensive methodology for robust and optimal selection of TRPS parameters and thresholds. The approach discussed here proposes that only a few timing plans are needed for the subset of all traffic networks that share the same characteristics. Once the timing plans for certain network characteristics have been identified, TRPS parameters need to be selected such that the most suitable plan in the controllers' database is selected to match the existing traffic conditions. This approach, and making sure that plans for handling extreme conditions are stored in the controllers, will reduce the effect of plan "aging." The goal for engineers is to implement these sets of timing plans and TRPS parameters in closed-loop systems. If the engineers have excess time and they prefer to have a more customized implementation for each closed-loop system (for instance, to improve optimality from 80% to 95%), they can conduct a detailed study following the steps detailed in this report. Otherwise" engineers can still feel "comfortable" that the closed-loop system operates with a reasonably good performance.

The proposed approach, while not claiming to achieve 100% system optimality, will provide a "blanket" of good performance that will serve several purposes:

· Encourage traffic engineers to implement TRPS systems that will achieve good performance rather than a possible poor performance due to outdated TOD plans.

· Save engineers and technicians valuable time that is otherwise required to develop timing plans for each TOD traffic pattern.

· Reduce the effects of timing plans "aging" through the implementation of traffic responsive mode.

8
2

_1188989053.xls
Chart1

		Highway

		Rail

		Transit



Subsidy/1,000 passenger-miles

Subsidy/1,000 passenger-miles

-1.91

186.35

118.26



Sheet1

		Mode		Subsidy/1,000 passenger-miles

		Highway		$   (2)

		Rail		$   186

		Transit		$   118





Sheet1

		



Subsidy/1,000 passenger-miles

Subsidy/1,000 passenger-miles



Sheet2

		





Sheet3

		






