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	Highlights

· Avoidance describes the states reporting that they have never paid for a contractor’s unabsorbed home office overhead

· Compliance describes the states that generally follow whatever procedure or standards have been established either by boards or by courts

· Proactive describes the states that have taken the approach of defining how this issue will be treated in their standard specifications in an attempt to avoid court or board actions

· the majority of contractors that responded would like to see a proactive approach


Compensation sought by the contractor for unabsorbed home office overhead can be one of the more contentious issues faced on transportation infrastructure projects. To understand the dynamics of the controversy, it is important to view the issue from each party’s perspective. For the public owner, including state departments of transportation (DOTs), claims represent both budget problems and manpower issues. This is because these owners must devote an increasing amount of limited human and financial resources to projects that are considered finished, or in managing the claim process for ongoing projects.

Likewise, delay (caused by the owner) and unabsorbed home office overhead are also significant issues for contractors. For most public projects, contractors need to win a price competition and then make a profit. Whereas owners view a unit bid price for a yard of excavated material as a fixed cost, a contractor views that same unit price as a combination of expenditures that are likely to change over the life of the project.

The owner views the contractor as having agreed to construct a project for a set of unit prices or a lump sum, and may see the contractor’s home office overhead as a constant expense unaffected by the timing of the actual construction. The contractor, however, sees the delayed construction as a genuine change in the basis of its bid price. The result of these diverging views is the potential for disagreement based on the owner’s reaction to a contractor’s request for reimbursement for an added cost that the owner does not believe was incurred and the contractor’s belief that such costs are real and not otherwise reimbursed.

The primary source of data for this report is a survey that was mailed to the state transportation agencies of the 50 states, Puerto Rico, and the District of Columbia. A similar survey was mailed to the senior executives of 21 contractors that perform a substantial amount of their work for state transportation agencies. The list of contractors to whom surveys were sent was provided by the American Road & Transportation Builders Association, from the membership of its Contract Administration Committee.

A total of 26 state transportation agencies and 9 contractors responded to the survey. Many of the agencies provided copies of their standard specifications dealing with the treatment of unabsorbed home office overhead, related legal findings, and other supporting information. Likewise, the contractors provided information on some of their approaches to dealing with public-sector owners. The surveys were given to contractors with the stipulation that the results would be summarized and the contractors would be identified by number only.

Twenty-one surveys were mailed and nine responses received from contractors. Question 25, which asked about the average annual revenue from DOT work, resulted in eight responses, distributed as follows: less than $5 million, 0 contractors; $5-$20 million, 3 contractors; and greater t1lan $20 million, 5 contractors.

Where appropriate, in addition to information derived from the surveys and a literature search, the authors relied on their own personal experience and knowledge of the topic. Evaluation of the information collated suggested that state approaches to the proposed home office overhead costs could be grouped into three general models: Avoidance, Compliance, and Proactive. The Avoidance Model describes the states reporting that they have never paid for a contractor’s unabsorbed home office overhead, the Compliance Model describes the states that generally follow whatever procedure or standards have been established either by boards or by courts in that state, and the Proactive Model describes the states that have taken the approach of defining how this issue will be treated in their standard specifications in an attempt to avoid court or board actions. Among the state respondents, the largest group uses the Compliance Model (13), with the Proactive Model next (8), and the Avoidance Model used the least (5). As Ohio implements its 2002 specifications, it will move from the Compliance Model approach to that of the Proactive Model. as well as introduce a new variation on the approach to treating home office overhead. This action is consistent with the other states in the Proactive Model group, because the approach to addressing home office overhead due to project delays directly through the standard specifications is relatively new compared with that of the other two approaches. The term standard .specifications refers to the standard book of requirements used by state DOTs to administer their construction projects. These standard specifications usually contain the provisions that govern or address questions related to payment for delay.

On the basis of the survey responses received, the primary direction of change for state transportation agencies is toward the Proactive Model-that is, dealing with the issue of home office overhead directly and in advance of construction. However, the states using the Proactive Model do not treat home office overhead in the same way. Although many of the approaches are similar, others are quite different based on decisions in state courts, actions by state boards, or specific implementing procedures.

The majority of contractors that responded would like to see a pre-established approach that recognizes the issue of home office overhead and deals with it directly. The Proactive Model appears to most closely approach the objectives of both parties, at least in terms of personnel resources and expense in dealing with the issue. This is not to say that contractors like all aspects of each Proactive approach, only that the majority of the respondents prefer this process to either the Avoidance or Compliance Models.

Design Exception Practices, NCHRP Synthesis 316 by John M. Mason, Jr. and Kevin M. Mahoney (Transportation Research Board, 2101 Constitution Avenue, N.W., Washington, D.C. 20418; ph. 202-334-2934; http://www.national-academies.org/trb/bookstore ) (2003) [TE7.N36 #316]

	Highlights

· This report describes the range of design exception practices among STAs and the problems and suggested improvements based on the experience of state agency personnel.


Nearly all highway and street construction and improvement projects are designed to conform to agency-adopted geometric design criteria. In some situations, achieving conformance with all design criteria is not practical or reasonable. A “design exception” is the process and associated documentation of creating or perpetuating a geometric feature that does not meet applicable criteria. Because design features that do not meet criteria may affect the safety and operational efficiency of the facility, a decision to depart from criteria should be deliberative, documented, and approved by an authorized official. All state transportation agencies (STAs) prepare design exceptions. However, the volume of design exceptions, project conditions requiring their preparation, technical processes employed, and approval roles vary substantially among states. Although cognizant of the benefits associated with preparing design exceptions, some states are concerned about the level of resources (i.e., agency personnel, funds, and time) used in the process. This report describes the range of design exception practices among STAs and the problems and suggested improvements based on the experience of state agency personnel.

The synthesis is based primarily on information derived from a survey of design engineering managers and a review of agency design exception procedures. A survey questionnaire was distributed to the transportation agencies of all 50 states and the District of Columbia. Forty-six completed surveys were returned. The written design exception procedures of 30 STAs were also obtained and reviewed. Approximately 25 agencies were contacted by telephone or e-mail for clarification of the survey responses and for supplemental survey information. A literature search on the topic was also conducted. As a result, a small number of relevant research publications were identified and are summarized.

Chapter one provides background information on the design exception process. Including its connection to the federal-aid highway program and the basic requirements that pertain to all states. In chapter two, the variations in the number of design exceptions processed by STAs and the underlying reasons are explored. The number of design exceptions prepared annually by STAs ranges from one to approximately 500. Some of this variation is attributed to the basic characteristics of states and their capital construction programs. Another cause of the variance in the number of design exceptions prepared by agencies is the factors an agency uses to determine if a design exception is needed. STAs were found to have used the following project and policy factors differently:

· Project location/system.

· Project funding source,

· Project scope/type,

· Supplemental criteria (i.e., in addition to FHWA controlling criteria),

· STA criteria values higher than those of AASHTO, and

· Use of rehabilitation, restoration, or resurfacing (3R) criteria.

This chapter indicates how STAs responding to the survey use each of these factors in determining if a design exception is needed. Additionally, the controlling criteria for which design exceptions are most often prepared are reported.

Chapter three addresses how design exceptions are prepared by STAs. Most STAs weigh the same factors (e.g., right-of-way, environmental. and cost) in the design exception process. Consideration of the safety consequences is also a practice common to STAs. However, the types of information collected and the analysis tools used to conduct safety assessments are highly variable; the breadth of these practices is summarized. The most specific procedures related to safety analysis are identified and recapped. Organizational roles in the preparation, review, and approval of design exceptions are reported. Generally, the consultant or agency designer is responsible for preparing the basic design exception documentation and request. Depending on the particular STA, the request may be reviewed by higher-level functional writs, administrators. or committees prior to submission to the deciding official. Most STAs approve design exceptions in their organizational headquarters; however, five have delegated this approval to their geographic-based (i.e., district, division, or regional) offices. The FHWA role in design exceptions also varies and is generally described in a written agreement between the STA and FHWA division office. In general, the design exception approval role of the FHWA is for selected projects on the National Highway System.

Chapter four summarizes the views of STA survey respondents regarding benefits, difficulties. and potential improvements. Reduction of tort liability is often mentioned as a reason to document deviations from design criteria. Published research on the relationship of tort liability and design exceptions is synthesized and the results of the STA survey on this topic are reported. STA personnel were asked in the survey to reflect and comment on their experience with design exceptions. The most frequently identified problems are lack of documentation for a requested exception and inadequate guidance on preparing documentation. The time and effort needed to prepare design exceptions and tardy submissions were also noted as problems. The area of most needed improvement is guidance for preparing documentation.

Chapter five provides conclusions on design exception volumes and decision factors; data collection and analysis procedures; organizational roles; benefits, problems and potential improvements, and unique processes; and outlines suggested research.

This synthesis report includes examples of innovative design exception practices by the Wisconsin and New Jersey Departments of Transportation. Both STAs use programmatic design exceptions.

Selection Criteria for Using Nighttime Construction and Maintenance Operations by Kimberly D. Douglas, Ph.D., P.E., Associate Professor and Associate Department Head, Industrial and Manufacturing Engineering and Sang-Bin Park, Graduate Research Assistant, of the Transportation Research Institute, Oregon State University, Corvallis, OR 97331-2302 (Oregon Department of Transportation, Research Group, 200 Hawthorne Ave. SE, Suite B-240, Salem. Oregon 97301-5192; ph. 503-986-2700; http://www.odot.state.or.us/tddresearch/reports/nighttimeconst.pdf ) (May 2003) 

	Highlights

· a decision model for when to conduct nighttime road construction and maintenance work was developed

· seven critical factors were then quantified: 

· safety, 

· congestion, 

· quality, 

· public relations, 

· worker conditions, 

· productivity and 

· scheduling


Like other DOTs, the Oregon Department of Transportation (ODOT) has emphasized preservation of existing highways and bridges rather than constructing new facilities. Also, many construction and maintenance activities have been accomplished at night in order to counter the disruption of daytime traffic. However, nighttime operations produce a new set of concerns such as: safety, public relations, productivity, quality, and the impact on workers. Decision-making for using nighttime operations in Oregon has been subjective and has relied on judgment without the benefit of analytical data and evaluation criteria. In addition, the prior decision models in this field were not applicable to ODOT decision makers because of the absence of a practical decision model available to actual decision makers. Therefore, a decision model that facilitates the determination of when to conduct nighttime road construction and maintenance work was developed. In order to create the decision model, it was necessary to identify and prioritize the factors of importance to this decision making model.

After a thorough literature review, 19 factors were identified that affect the decision-making process and that were sufficiently well established to utilize in the development of the model for ODOT. All 19 factors were then used to create a survey that was administered to key ODOT staff, contractors, and representatives from other DOTs.

The survey in this study characterized the importance of the factors related to daytime versus nighttime decision-making. After analyses of various perspectives, the overall result was fairly consistent with the results from the individual respondent groups. The results provided the ability to determine weights and to build a decision model to improve the effectiveness of the decision-making.

Using the results of this survey and the recommendations of the TAC, twelve unimportant factors were eliminated and seven important/critical factors were identified and weighted. The seven critical factors (safety, congestion, quality, public relations, worker conditions, productivity and scheduling) were then quantified after a detailed investigation of each factor. Finally, the decision model was developed to determine when nighttime work should be conducted.

The decision model was tested by applying it to real ODOT projects and comparing its recommendations of when to conduct the projects with actual decision makers’ decisions. The overall testing results were consistent with the current decision makers’ judgments due to the impact of the congestion factor in the decision model. In addition, sensitivity analysis showed the deviations of the decision-making in the model. The analysis concluded that the decision-making did not change, regardless of differing weights of the safety and congestion factors.

This study developed what should be a practical and useful tool to help decision makers analyze when to conduct nighttime work. In addition, the decision model will be useful for making decisions consistently, and provides a means to explain the decision to the stakeholders.

Environmental Information Management and Decision Support System--Implementation Handbook, NCHRP Report 481 by Booz Allen Hamilton, McLean, VA and Michael Baker Jr., Inc., Coraopolis, PA (Transportation Research Board, 2101 Constitution Avenue, N.W., Washington, D.C. 20418; ph. 202-334-2934; http://www.national-academies.org/trb/bookstore) (2003) [TE7.N25 #481]

	Highlights

· This handbook provides a concept, and alternative implementation strategies for an Environmental Information Management and Decision Support System (EIM&DSS) that can evolve to meet the 21st century needs of transportation organizations.


The EIM&DSS concept supports planning, programming, project development, operations, and maintenance for all modes of transportation. Alternative implementation strategies account for the wide range of approaches to transportation and environmental management, existing systems, and databases found in U.S. state and Canadian provincial transportation departments and regional planning organizations. The EIM&DSS concept also is useful for private firms that perform transportation and environmental activities under contract or in public-private partnerships with public-sector transportation organizations.

The EIM&DSS concept fully takes into account the worldwide trend of government and private-sector organizations toward adopting environmental management systems (EMSs). The EIM&DSS concept is responsive to rapid technological change that can support environmental management, centralized and decentralized decision-making, and various data collection, storage and dissemination systems.

The EIM&DSS concept and alternative implementation strategies were the result of requirements analysis based on the following:

· Current & future information requirements;

· Current & future analysis requirements;

· Functional requirements;

· Different ways users will need to interact with the system (use cases);

· Business processes that need to be supported;

· An analysis of data entities & their attributes that can serve as the basis for designing a relational database; "

· An object-oriented model that can support highly distributed processing in an evolving Internet environment;

· A technological assessment to ensure the EIM&DSS will work with existing & emerging technology & have a life cycle of 10 to 20 years.

These requirements were established using a customer-driven, top-down process that sought input from those responsible for dealing with environmental issues in planning, programming, project development, operations, and maintenance for various transportation modes. Current and future information and analysis needs and functional requirements came partly from survey questionnaires administered to all states, Canadian provinces, and metropolitan planning organizations (MPOs) and by conducting joint application development sessions involving numerous state departments of transportation (DOTs).

Requirements were also established by synthesizing a best practices model for an EIM&DSS from the literature on EMS and decision support systems found throughout the world and by performing an assessment of current and emerging technologies that build on the new environmental technologies.
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and Costs of Analysts, and environment-related business processes. Identifying opportunities

Workflow Regulatory for streamiining that save time and money. Also, using electronic

Agencies approvals to save processing time for steps requiring review and

signatures.

Environmental Planners, Querying an integrated database, a Geographic Information System

Impact Designers, (Gi1S), and a document management system that has all the

Statement Engineers information to analyze alternatives and manage public involvement
for an EIS.

Categorical Head, Focusing limited environmental analysis resources on actions

Exclusions Environmental requiring an Environmental Impact Statement (EIS) or an

Bureau environmental assessment. Using the EIM&DSS to apply criteria for

categorically excluding no-or low-impact actions from the need to
perform more detailed environmental analysis. Document decisions
regarding categorical exclusions.

Best Transportation Accessing an EIM&DSS web page that provides information,

Management Managers (any | training maternails, and benchmarking data on best management

Practices mode) practices for environmental issues related to construction,
maintenance, and operations.

Alr Quality Regional and Rolling up current and projected air quality emissions for various

Conformity - State Planners | types of transportation activity and projects that form the Long-

Analysis Range Plan and the Transportation improvement Program (TIP) to

assess whether total emissions exceed emission budgets.

Collaborative Agency Staff, View alternative location and design concepts in 2D, 3D, or even
Design Citizens, virtual reality. Relevant transportation, environmental, social,
Regulators, economic, and cultural impacts are displayed for each alternative.
Environmental Citizens can influence design concepts and obtain feedback
Groups regarding environmental impacts in nearly real time.
Bridge Program | Bridge Program | Determining current and projected environmental impacts and costs
Analysis Manager of current and future bridge maintenance and improvement actions
for the thousands of bridges on a highway network.
Site Audits Facility Preparing for an environmental audit of a maintenance facility.
Maintenance Accessing the audit checklist, progress report, key issues,
Engineer environmental data, and “To Do" list of next steps.
Water Quality Environmentai Exploring how transportation activity affects the ecology of a
Analysis Analyst watershed by viewing maps in the GIS, defining alternative
scenarios, and exercising a wide variety of in-house and external
simulation modeis on the Intemet.
Data Mining Anyone Finding specific environmental, social, economic, and cultural data
authorized and determine the source, coverage, collection date, compieteness,

and accuracy of such data.






More Research Needed on the Effects of Air Quality on Airliner Cabin Occupants (US General Accounting Office, 441 G Street, NW, Washington, DC 20548; http://www.gao.gov/new.items/d0454.pdf; Gerald L. Dillingham at (202) 512-2834 or dillinghamg@gao.gov; Document Distribution Center, 202-512-6000) (May 2003) 

	Highlights

· although significant improvements have been made to aircraft ventilation systems, cabin occupants are still exposed to allergens and infectious agents

· technologies are available today that could improve cabin air quality, (e.g., increasing cabin humidity and pressure or absorbing more cabin odors and gasses)

· high-efficiency particulate air (HEPA) filtering, was strongly endorsed by cabin air quality and health experts as the best way to protect cabin occupants' health from viruses and bacteria in recirculated cabin air

· 85% of large commercial airliners already use these filters


Over the years, the traveling public, flight attendants, and the medical community have raised questions about how airliner cabin air quality contributes to health effects, such as upper respiratory infections. Interest in cabin air quality grew in 2003 when a small number of severe acute respiratory syndrome (SARS) infections may have occurred on board aircraft serving areas that were experiencing outbreaks of the disease. In 2001, a National Research Council report on airliner cabin air quality and associated health effects recommended that additional research be done on the potential health effects of cabin air.

GAO reviewed what is known about the health effects of cabin air, the status of actions recommended in the 2001 National Research Council report, and whether available technologies should be required to improve cabin air quality.

Despite a number of studies of the air contaminants that airline passengers and flight attendants are potentially exposed to, little is known about their associated health effects. Reports on airliner cabin air quality published by the National Research Council in 1986 and 2001 concluded that more research was needed to determine the nature and extent of health effects on passengers and cabin crew. Although significant improvements have been made to aircraft ventilation systems, cabin occupants are still exposed to allergens and infectious agents, airflow rates that are lower than those in buildings, and air pressures and humidity levels that are lower than those normally present at or near sea level.

The 2001 National Research Council report on airliner cabin air quality made 10 recommendations, 9 of which directed the Federal Aviation Administration (FAA) to collect more data on the potential health effects of cabin air and to review the adequacy of its standards for cabin air quality. FAA has addressed these 9 recommendations to varying degrees as it attempts to balance the need for more research on cabin air with other research priorities (e.g., passenger safety). However, some in the aviation community, including some of the committee members who produced the report on cabin air, do not feel that FAA’s planned actions will address these recommendations adequately. For example, most members were concerned that FAA’s plan for implementing the report’s key recommendations on the need for more comprehensive research on the health effects of cabin air was too limited. FAA plans to address these recommendations in two parts—the first, which started in December 2003, and the second, which will start in December 2004 and end in late 2006 or early 2007. However, FAA lacks a comprehensive plan, including key milestones and funding needs. In addition, most committee members thought that FAA’s response to a recommendation for it to improve public access to information on the health risks of flying was inadequate. 

Several technologies are available today that could improve cabin air quality, (e.g., increasing cabin humidity and pressure or absorbing more cabin odors and gasses); however, opinions vary on whether FAA should require aircraft manufacturers and airlines to use these technologies. GAO found that one available technology, high-efficiency particulate air (HEPA) filtering, was strongly endorsed by cabin air quality and health experts as the best way to protect cabin occupants' health from viruses and bacteria in recirculated cabin air. While FAA does not require the use of these filters, GAO’s survey of major U.S. air carriers found that 85% of large commercial airliners in their fleets that recirculate cabin air and carry more than 100 passengers already use these filters. However, the use of HEPA filters in smaller commercial aircraft that carry fewer than 100 passengers is much lower. The cost to retrofit the smaller aircraft to accept the HEPA filter, if it were made mandatory, could be expensive.

GAO Recommends

The FAA should develop detailed plans for its research and surveillance program on cabin air quality, improve the public’s access to information on the health risks of flying, and assess the costs and benefits of requiring HEPA filters in commercial aircraft.

An Increase in the Gas Tax Would Hurt Consumers and Slow the Economy by Rea S. Hederman and Alfredo Goyburu (Heritage Foundation, 214 Massachusetts Ave NE, Washington DC 20002-4999; ph 202.546.4400; http://www.heritage.org/Research/Taxes/wm451.cfm) (March 18, 2004) 

	Highlights
· increasing the gas tax would depress economic activity

· for every 1% increase in the gasoline price, usage would decline by 0.26% in the short run and 0.86% in the long run


Macroeconomic analysis performed by the Center for Data Analysis at the Heritage Foundation shows that increasing the gas tax would depress economic activity and the incomes of millions of Americans. It would also raise significantly less revenue than its proponents project. Congress should focus on spending highway dollars more efficiently, ideally by turning them back to the states.

Analysts in the Center for Data Analysis (CDA) estimated the economic and fiscal effects of a higher gas tax using a well-known econometric model of the U.S. economy. This macroeconomic analysis found that:

· Personal savings would average $8 billion less per year from 2005 to 2014. 

· $82 billion of the $131 billion increase in federal revenues over 10 years would be financed out of foregone or lower personal savings. 

· Gross Domestic Product would decline by $6.5 billion per year, in real terms, from 2005 to 2014. In other words, this $131 billion in government revenues would shrink the economy by $65.5 billion. 

· There would be, on average, 37,000 fewer job opportunities each year. That works out to one lost job for every $351,000 in new taxes, which is equal to 11 years of work at average yearly wages. 

· Total federal revenues would fall short of gas tax proponent’s projections by $3.7 billion. 

· Family disposable income would be, on average, $2.5 billion less per year, in real terms. 

Some of these negative effects are due to Americans’ mobility needs. Academic research on the relationship between the gasoline tax and demand for gasoline indicates that gasoline consumption would not decrease significantly in the short run if the tax were increased. For every 1% increase in the gasoline price, usage would decline by 0.26% in the short run and 0.86% in the long run. In other words, consumers are willing to make other sacrifices instead of driving less. On average, an increased gas tax would cost families who drive $54 per year, which would come out of savings and consumer spending.

[image: image1.png]State

Cost of 5.45 cent per gallon gas tax hike in 2005

(millions of dollars)
Alabarna §169.26
Alaska 18.08
Avizona 177.13
Arkansas 103.47
Califomia 95284
Colorado 13427
Connecticut 8873
Delaware 245
District of Columbia 7.90
Florida 67403
Georgia 324.10
Hawaii 2419
daho 827
Iinois 36455
Indiana 26885
lowa 10791
Kansas 9265
Kentucky 16453
Louisiana 14851
Maine a3
Maryland 168.40
Massachusetts 17154
Michigan 306.35
Minnesota 168,68
Mississippi 11107
Missour 21191
Montana 3553
Nebraska 66.06
Nevada 6258
New Harmpshire 3969
New Jersey 77717
New Mexico 6953
New York 360.20
North Carolina 267.98
North Dakota 2544
Ohio 369.11
Oklahoma 12855
Oregon 69.47
Pennsyhania 361.80
Rhode Island 2518
South Carolina 18533
South Dakota 3097
Tennessee 19211
Texas 75864
Utah 69.18
Vermont 271
Virginia 25350
Washington 17511
West Virginia 63.11
Wisconsin 185.10
Wyoming 57.37
Total §9.176.47)

Source: Heritage calculations




Measurement Tools for Assessing Motor Vehicle Division (MVD) Port-of-Entry Performance by Jason Carey (Arizona Transportation Research Center, Arizona Department of Transportation, 206 S. 17th Avenue, MD 075R, Phoenix, Arizona 85007; ph. 602-712-3138; http://www.dot.state.az.us/ABOUT/atrc/Publications/Publications.htm ) (July 2003)

	Highlights

· continuous & regular review of measures as they relate to the corresponding program goals & strategic plan are a key to success

· managing for productive efficiency ensures that the organization does the best it can with what it has; managing for effectiveness ensures that this productivity achieves a meaningful end

· a significant impediment to the measurement of performance at Arizona POEs is the lack of a standard format for archived data

· it is recommended that Arizona develop a data management system to track current and future POE measurements

· a simple database could replace the existing spreadsheet reporting system 


The Arizona Port of Entry (POE) Program provides needed services to the citizens of Arizona, but lacks clear means of evaluating services in terms of the efficiency and effectiveness with which enforcement activities are carried out. This makes it difficult to communicate the achievements of the POE Program, and to identify potential improvements in service quality. This research has addressed the interpretation of data by presenting various measures of performance for use in evaluating the Arizona POE program. 

By developing specific measures tied to the goals and objectives of the program, Arizona POE managers will have a better set of tools for decision making, and increased accountability. Continuous and regular review of measures as they relate to the corresponding program goals and strategic plan are key to success in performance measurement. It not only helps in deciding the right things to measure, but provides needed information to assess progress toward reaching goals of all levels within the organization. Performance measurement has no purpose if data are not used to improve organizational performance.

Several performance measures were suggested for Arizona POEs as part of this research. Recommended productivity measures focused on the overall volume of service contacts, the cost of providing those contacts, and the number of vehicles bypassing (i.e. waved through) the ports as measures of efficiency. 

The effectiveness of port enforcement can be expressed in a variety of ways, but a review of practices among state POEs and weight enforcement programs indicated that this aspect of performance is often neglected. Measuring effectiveness is a complicated process, and in many cases is subject to considerable variation in requisite source data and the interpretation of results. Nonetheless, the measurement of enforcement outcomes is an important component of the performance measurement process. Managing for productive efficiency ensures that the organization does the best it can with what it has; managing for effectiveness ensures that this productivity achieves a meaningful end. 

A variety of measures were considered in order to communicate the outcome of port enforcement efforts. These ranged from facility-level measures such as the ratio of revenue collections to operating costs and the impact of port enforcement on overweight vehicle traffic on relevant transportation corridor(s). Program-wide measures of effectiveness included the amount of revenues collected per truck-mile of travel, both by port facilities (direct effects) and total remittance of commercial fees to the Highway User Revenue Fund (indirect or induced compliance), and system-wide changes in weight violations. Several sample metrics for communicating the benefits of port activities to highway users were also presented for consideration as measures of outcome. These included the direct impact on highway life provided by POE load adjustments, and the estimated social benefit of crash reductions as a result of POE safety inspections. 

Establishing viable performance measures is critical for organizations; making those measures work is even more important. Clearly, not all of the recommendations in this research are necessary for measuring performance at Arizona POEs. In many cases, a meaningful assessment can be made using a few simple measures that are most closely aligned with program goals. 

A significant impediment to the measurement of performance at Arizona POEs is the lack of a standard format for archived data. Over the six-year period used for preliminary data collection in this report, POE metrics in a variety of spreadsheet formats were provided by MVD staff. Not only did report formats vary from year to year, and in some cases, month to month, but the data collected varied as well. The lack of a standardized reporting format makes it likely that data will have to be assembled by hand, as they were for this report. This creates several problems for regular performance measurement. Manual assembly of data is time consuming, which reduces the likelihood that regular performance reviews will take place. Manual transcription also increases the likelihood of errors in reporting, which reduces the reliability of the performance measurement(s). 

As a corollary to the development of appropriate performance metrics, it is recommended that the Arizona POE program develop a data management system to track current and future measurements. The reliance on paper summaries and spreadsheets makes comparison of multiple periods difficult, and reduces the likelihood that significant changes in operating conditions will be identified quickly. A simple database could replace the existing spreadsheet reporting system with limited effort. Alternately, a more complex system could incorporate the monthly operating expense data that are extracted from the financial management system. Regardless of the format chosen, having comparable data stored in a uniform format would greatly simplify the performance management process.

POE managers possess the most reliable knowledge of program activity, and the recommendations made herein are not intended to supplant the judgment of the individuals that make the POE program work. The selection of meaningful metrics that facilitate performance management is the ultimate responsibility of program authorities. The measures developed for this research, and the discussion of performance measurement in other states, are intended to provide the Arizona POE program with a wider range of tools from which to develop the most appropriate measures of program performance.

Effects of Subsurface Drainage on Performance of Asphalt and Concrete Pavements, NCHRP Report 499 by Kathleen T. Hall and Carlos E. Correa (Transportation Research Board, 2101 Constitution Avenue, N.W., Washington, D.C. 20418; ph. 202-334-2934; http://www.national-academies.org/trb/bookstore ) (2003) [TE7.N25 #499]

	Highlights

· it is difficult to differentiate between performance differences due to the presence or absence of subdrainage and performance differences due to base type

· this study has demonstrated that appropriate statistical methods can be applied to circumvent the limitations of the incomplete experimental design

· more definitive findings are expected to be obtained in a follow-up study already underway


In this study, the potential effects of subsurface drainage on the performance of asphalt and concrete pavements in the SPS-I and SPS-2 experiments were assessed using available data on IRI for both pavement types, as well as rutting and alligator/longitudinal cracking for asphalt pavements, and faulting, transverse cracking, and longitudinal cracking for concrete pavements.

The results of the preliminary analyses conducted in this study suggest that the SPS-I and SPS-2 experiments are beginning to manifest differences in some measures of performance that are related to the base type/subdrainage experimental design factor. However, base type and subdrainage presence are confounded in both the SPS-I and SPS-2 experiments; and it is difficult to differentiate, on the basis of the information that was available for this study, between performance differences due to the presence or absence of subdrainage and performance differences due to base type.

The SPS-I and SPS-2 experiments suffer from some limitations. First, some cells in the site matrix (i.e., combinations of climate and subgrade type) of each experiment are empty. This is an obstacle to analysis of the SPS-I and SPS-2 performance data in the manner that was envisioned in the original design of the experiments. Empty cells in an experimental design matrix can be accommodated by using measured data from other cells to estimate values for the missing cells, but only when the factors in the experiment can be considered independent. It is clearly inappropriate to estimate values to fill missing cells when there is reason to believe, a priori, that interactions may exist among the experimental factors.

Second, base type and subdrainage presence are confounded in both the SPS-I and SPS-2 experiments. It is difficult, perhaps impossible, to separate and quantify the effects of these two factors on the basis of roughness and distress data alone.

Third, discrepancies between the as-designed and as-constructed drainage features appear to exist for many sections. Subdrains were not located and inspected in several SPS-I and SPS-2 test sections designed to be drained, but were located and inspected in several SPS-I and SPS-2 sections designed to not be drained. Both types of discrepancies are an obstacle to analysis of the SPS-l and SPS-2 performance data in the manner that was envisioned in the original experiment design.

The original objectives of NCHRP Project l-34C were to assess the feasibility of using the SPS 1 and SPS-2 data to evaluate the effects of subsurface drainage on pavement performance, to develop an analysis plan, and to identify additional data collection needs. The scope of the study was subsequently expanded to include a preliminary analysis of the SPS-l and SPS-2 data. This study has demonstrated that appropriate statistical methods can be applied to circumvent the limitations of the incomplete experimental design matrices and the apparent discrepancies in as-designed versus as-constructed drainage features.

The analysis results presented in this report must, however, be considered preliminary, because they are based on data contained in the LTPP database only through mid-June 2001, and because the effects of truck traffic, climate (i.e., different degrees of need for subsurface drainage at different sites" and structural. capacity (i.e., different structural contributions of different base types) were not analyzed in depth. In a follow-up study, already underway, more definitive findings are expected to be obtained from analysis of:

· More recent performance data,

· Deflection data (to quantify the structural contributions of different base types),

· Drainage system flow time measurements (to quantify the effectiveness of the drains), and

· Need for drainage as a function of truck traffic level and climate.

Perceptions of Stakeholders on Approaches to Reduce Highway Project Completion Time (United States General Accounting Office, 441 G Street, NW, Washington, DC 20548; Katherine Siggerud at (202) 512-2834 or siggerudk@gao.gov ; http://www.gao.gov ) (April 2003)

	Ways to Reduce Project Completion Time

· establish early partnerships and early coordination among all project stakeholders

· delegate environmental review and permitting authority

· improve agency staffing and skills


Constructing, improving, and repairing roads is fundamental to meeting the nation's mobility needs. The Federal Highway Administration (FHW A) supplies most of the money (about $20 billion in fiscal year 2003 ), and state departments of transportation are primarily responsible for completing projects. Many federal and state agencies (called resource agencies) help ensure that environmental and other concerns are considered. These and other organizations have recognized that the time it takes to complete complex federally funded highway projects is too long-in some cases nearly 20 years.

GAO was asked to report the views of knowledgeable officials on the most promising approaches for reducing completion time for federally funded highway projects. GAO obtained the views of 33 officials from federal, state, and private organizations with interests in federally funded roads.

Findings

Respondents from 33 organizations identified 13 approaches as most promising for reducing the time it takes to plan, design, gain approval for, and build a federally funded highway project. These approaches fell into three areas: 

· Improving project management. Most approaches (8 of 13) focused on state-level activities that could be conducted earlier than customary , with 90 percent of respondents indicating that establishing early partnerships and early coordination among all project stakeholders is highly important to reducing project completion time. Other approaches included added flexibility for states in determining impacts on historic properties and imposing time limits on environmental reviews.

· Delegating environmental review and permitting authority. Between half and two-thirds of the respondents indicated that utilizing programmatic agreements between transportation and resource agencies to address commonly occurring issues, unifying overall environmental assessments with reviews of project impacts on wetlands, and creating large banks of wetlands to replace those lost at highway project sites offered significant promise for reducing project completion time.

· Improving agency staffing and skills. Nearly 60 percent of the respondents indicated that using interagency funding agreements in which state departments of transportation can ensure timely attention to environmental reviews of their projects by funding staff at federal or state resource agencies offered significant promise to reduce project completion time. About half of the respondents said that adequate training of transportation staff on the requirements of all steps in completing a highway project was also a promising approach.

For the most part, the respondents were not able to estimate how much time adopting one or more of these approaches might save. Respondents' views varied both within similar types of organizations (such as state departments of transportation) and across lines of responsibility or interest. Generally, agencies and other organizations with primary responsibilities for or interests in building and funding highways ranked certain approaches higher than did agencies and associations with a primary focus on resource issues, and vice versa. Nonetheless, most of the 13 most promising approaches had widespread support across organizations.

Although some of these approaches are in use across the country, respondents acknowledged that the usefulness of these approaches could vary by the type of project or community values. For example, projects that are not complex or contentious would not necessarily achieve the time savings that these approaches afford for projects with complex characteristics or disagreement among stakeholders.

GAO recommends that FHWA consider the benefits of the 13 most promising approaches and take actions needed to foster more widespread adoption of those that appear to be the most cost effective. While not commenting on the recommendation, the Department of Transportation generally agreed that these approaches represent opportunities to reduce project completion time.

Residential Trip Generation: Ground Counts Versus Surveys by J.M. Ulmer, A.K. Goswami, J.S. Miller, and L.A. Hoel, Virginia Transportation Research Council, 530 Edgemont Road, Charlottesville, VA 22903; (434) 293-1900; http://www.virginiadot.org/vtrc/main/index_main.htm (Virginia Department of Transportation, 1401 E. Broad Street, Richmond, VA 23219; vdotinfo@virginiaDOT.org) (June 2003)

	Highlights

· large and random variation exists among residential trip generation rates for residential neighborhoods

· large numerical differences do not necessarily reflect statistical significance

· more of the variation can be attributed to differences in how rates are defined as opposed to differences in location

· the proportion of trips made by neighborhood residents averaged 67% when ground counts were the basis and 77% when household surveys were the basis


Residential trip generation, i.e., the number of vehicle trips or person trips attributed to a group of households in a single geographic location, is a fundamental element of the transportation forecasting process. Three principal categories of transportation planning studies, i.e., long-range regional studies, midrange subarea studies, and short-range site impact studies, use residential trip generation rates. These studies use two methods to define such rates: ground counts and household surveys. In this study, trip generation refers to the number of vehicle trips per dwelling unit unless stated otherwise.

A regional study forecasts person trips by different trip purposes for a metropolitan area with a planning horizon of 10 to 30 years. Travel forecasts are based on a four-step modeling process consisting of trip generation, trip distribution, mode choice, and traffic assignment. Household survey data and socioeconomic characteristics such as income, automobile ownership, and family size are used to determine the number of person trips generated per household, and then these person trips are converted to vehicle trips using appropriate automobile occupancy values. Trip generation rates reported for the Washington, D.C., regional model for two-vehicle suburban single-family households are 5.9 vehicle trips per dwelling unit based on the following trip purposes: 

· 2.36 work trips per household

· 0.63 shopping trip per household

· 2.30 other trips per household

· 0.60 nonresident trips per household.

A subarea study focuses on a subset of a metropolitan region in greater detail than the long-range regional study. The relative advantage of subarea studies is reduced computational requirements and data collection costs; the caveat is that the transportation improvements under consideration will affect only the location being evaluated and not the entire region. The regional model is the starting point: a cordon is drawn around the subarea of interest and the trip generation, distribution, and assignment data applicable to that subarea are extracted. Methodologically, the literature indicates that the subarea approach is similar to the regional approach: the trip generation, trip distribution, and traffic assignment steps are replicated for the subarea and modified as necessary to match modeled and observed traffic volumes.

A site impact study estimates trip generation rates as the number of vehicle trips that will result from a specific new land use development such as a shopping center, restaurant, or residential neighborhood. The time frame until the build-out of the site for traffic forecasting is usually 3 to 5 years. Unless local data are collected, residential trip generation rates are usually taken from the Institute for Transportation Engineers (ITE) Trip Generation. For example, ITE gives an average 24-hour trip rate of 9.57 vehicle trips per single-family detached dwelling unit in a suburban area not served by transit, an average based on 348 individual ground count studies in the United States.

Conclusions

1. Large and random variation exists among residential trip generation rates for residential neighborhoods. For the seven neighborhoods with only single-family detached dwelling units in this study, an analyst can be 95% confident that the mean rate according to ground counts is between 9.4 and 12.2 trips per dwelling unit. Yet the corresponding 95% confidence interval for any single neighborhood is between 7.1 and 14.6 trips per dwelling unit. These observations are consistent with the large variation reported by ITE. To the extent that subarea studies contain multiple neighborhoods as opposed to just one neighborhood, the confidence intervals for mean rates as opposed to a single value are appropriate.

2. Large variations imply that large numerical differences do not necessarily reflect statistical significance. 

3. Given that variation is present in the mean residential trip generation rates from all four sources, more of the variation can be attributed to differences in how rates are defined as opposed to differences in location. The implication is that it is more important to define a residential trip generation rate consistently than to collect rates for different regions. "Defining" the rate means specifying (1) whether the basis is a ground count or a household survey, (2) whether the rate is an average value for the region/nation or is an individual value collected for a particular neighborhood, and (3) whether the rate measures vehicle trips directly or instead measures person trips and then requires some type of automobile occupancy data to make the conversion to vehicle trips.

4. The proportion of trips made by neighborhood residents averaged 67% when ground counts were the basis and 77% when household surveys were the basis. Statistical variation and uncertainty about data collection do not account for this difference. A plausible explanation for this difference is that residents underreported nonresident trips, since these trips tend to be irregular and the literature indicates that irregular trips are more likely to be underreported. Underreporting was indicated by this study at the confidence level of 79%; thus a preponderance of evidence suggests underreporting is likely, but this evidence is not sufficiently strong to prove underreporting at the conventional confidence threshold of 95%.

The Economic Burden of Traffic Crashes on Employers (National Highway Traffic Safety Administration, 400 Seventh St. SW, NVS-223, Room 6111, Washington, D.C. 20590; http://www.nhtsa.dot.gov/people/injury/airbags/economicburden/index.html (2003) 

	Highlights

· vehicle crashes imposed $16.3 billion health-related fringe benefit bill and $25.2 billion non-fringe bill on employers

· annual cost/employee

· New York was highest = $630

· Kentucky was lowest = $60

· Arizona = $430, 7th highest

· national average = $340


Employers pay for injuries that occur both on and off the job. In 1998–2000, motor vehicle crashes annually killed more than 2,100 people while they were working and injured 353,000. More than half of the injuries forced people to miss work. Overall, on-the-job crash injuries (fatal and non-fatal) amounted to about 6.5% of all crash injuries. 

Motor vehicle crashes imposed a $16.3 billion health-related fringe benefit bill for employers. Employer health care (medical) cost of crash injuries was $7.7 billion. Another $8.6 billion was spent on sick leave and life and disability insurance for crash victims. Off-the-job crash injuries cost nearly $13 billion, accounting for 80% of the health-related fringe benefit costs of motor vehicle crashes. Off-the-job crash injuries comprised an even larger share of employer health care costs (92%). 

The annual employer cost of motor vehicle crashes in which at least one driver was alcohol-impaired is more than $9 billion, including wage-risk premiums. Restraint non-use by on-the-job employees cost employers exceeds $1 billion a year in fringe benefit costs. A larger $3.9 billion employer bill results from restraint non-use by employees and their benefit-eligible dependents while away from work.

Employer costs of motor vehicle crash injuries vary widely by state and industry. These costs exceed $3.5 billion in each of the nation’s two most populous states – California and New York. Costs are highest in the agriculture, land transportation, heavy construction, and mining sectors. When comparing costs between states and industries, one should be aware that differences in injury severity, age of workforce, regional and local characteristics, and completeness of reporting play a significant role in the variance. 

Prevention is an important way to control health care costs arising from injuries. This report demonstrates that by increasing restraint use and reducing alcohol-impaired driving, the potential health care savings are substantial. Motor vehicle injury costs to employers are reported on a nationwide, state-by-state, and industry basis. The report updates the national estimates of employer costs of crashes presented in NHTSA’s report “What Do Traffic Crashes Cost? Total Cost to Employers by State and Industry” (1996) and adds estimates of alcohol involvement and restraint non-use.
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	USA
	16,294
	25,200
	41,494
	340
	MS
	149
	222
	371
	320

	AK
	38
	51
	89
	320
	MT
	50
	69
	119
	290

	AL
	189
	277
	466
	240
	NC
	570
	935
	1,505
	440

	AR
	146
	216
	362
	320
	ND
	20
	29
	49
	150

	AZ
	328
	471
	799
	430
	NE
	109
	183
	292
	340

	CA
	1,470
	2,257
	3,727
	260
	NH
	45
	68
	113
	190

	CO
	148
	211
	359
	190
	NJ
	748
	1,242
	1,990
	540

	CT
	244
	402
	646
	400
	NM
	103
	150
	253
	350

	DC
	55
	89
	144
	500
	NV
	143
	204
	347
	470

	DE
	48
	75
	123
	340
	NY
	1,984
	3,034
	5,018
	630

	FL
	999
	1,556
	2,555
	400
	OH
	753
	1,261
	2,014
	390

	GA
	569
	852
	1,421
	420
	OK
	189
	280
	469
	320

	HI
	49
	78
	127
	230
	OR
	134
	186
	320
	210

	IA
	149
	237
	386
	260
	PA
	502
	812
	1,314
	240

	ID
	65
	92
	157
	280
	RI
	66
	97
	163
	350

	IL
	265
	411
	676
	120
	SC
	229
	340
	569
	330

	IN
	307
	492
	799
	280
	SD
	34
	48
	82
	230

	KS
	127
	186
	313
	250
	TN
	293
	463
	756
	300

	KY
	54
	52
	106
	60
	TX
	1,390
	2,130
	3,520
	400

	LA
	310
	480
	790
	440
	UT
	122
	178
	300
	320

	MA
	463
	714
	1,177
	390
	VA
	349
	567
	916
	280

	MD
	302
	497
	799
	310
	VT
	17
	22
	39
	130

	ME
	74
	108
	182
	320
	WA
	414
	584
	998
	390

	MI
	576
	890
	1,466
	330
	WI
	269
	421
	690
	260

	MN
	204
	301
	505
	210
	WV
	96
	148
	244
	340

	MO
	315
	485
	800
	310
	WY
	31
	42
	73
	310


Health fringe benefit costs are the costs of fringe benefits paid because of illness and injury of employees and their dependents. They cover contributions to Workers’ Compensation medical and disability insurance, health insurance, sick leave, Social Security disability insurance, life insurance, and private disability insurance, as well as insurance administration and overhead. 

Non-fringe costs include motor vehicle property damage and liability insurance, crash-related legal expenses, and the costs of unreimbursed vehicle damage and replacement. In addition, employers pay taxes to help fund police, fire, and ambulance services. Employers also lose productivity when employees suffer injuries preventing them or their co-workers from working at full capacity. Recruiting and training workers to replace fatally injured or permanently disabled employees raises the bill employers pay for injuries.

Effective Commercial Truck and Bus Safety Management Techniques, Commercial Truck and Bus Safety, Synthesis 1 by Ronald R. Knipling, Jeffrey S. Hickman and Gene Bergoffen (Transportation Research Board, 2101 Constitution Avenue, N.W., Washington, D.C. 20418; ph. 202-334-2934; http://www.national-academies.org/trb/bookstore ) (2003) [HE5613.C6 #1]

	Highlights

· 20 discrete safety problems and 28 safety management methods were identified

· information for the study was collected through survey questionnaires from fleet safety managers and other experts in motor carrier safety


20 discrete safety problems and 28 safety management methods were identified. Problems addressed encompass driver-safety knowledge, skills, driving behaviors, alertness, physical/medical condition and attitudes. In addition, several vehicle-related problem areas, such as vehicle maintenance and inspection, were considered. Major safety management approaches addressed include those relating to driver recruiting, selection, carrier-based training, management-driver communications, driver safety-performance evaluation, safety incentives, behavior-based safety (BBS), on-board safety monitoring (OBSM), event-data recorders, accident investigation, improved driver scheduling and dispatching, fatigue management, carrier-based medical programs, preventive maintenance and vehicle inspection, advanced safety technologies and industry-based safety standards and certification.

Much of the information for the study was collected through survey questionnaires from fleet safety managers and other experts in motor carrier safety. Two parallel survey forms were used: one for current Commercial Motor Vehicle (CMV) fleet safety managers (139 respondents) and one for other experts in motor carrier safety (57 respondents). The 20 specific problem areas and 28 specific safety management solutions (i.e., practices) listed were identical on the two forms. For the problem areas, respondents were asked to rate the relative importance of the areas on a 5-point scale, and then to identify the five most important problem areas. Safety managers were asked to respond in relation to their own fleets; other experts were asked to respond in relation to commercial vehicle operations (CVO) in general. For the 28 solutions, safety managers were first asked to indicate “yes” or “no” whether they currently used the safety management method with their fleets. If “yes,” they rated the effectiveness of the method in their fleet using the same 5-point scale, and then selected the five most effective methods. For the other experts, there was no “yes” or “no” question; instead, they simply rated each method in terms of its general effectiveness in carrier safety management and selected their “Top 5” methods.

The following were the most important safety problems for fleet safety manager respondents, based on their mean 5-point scale ratings:

1. At-risk driving behaviors (e.g., speeding, tailgating);

2. High-risk drivers (all causes combined);

3. Driver health and wellness, lifestyle, and general health;

4. Lack of defensive driving skills;

5. Delays associated with loading and unloading (resulting in long working hours);

6. Driver fatigue/drowsiness; and

7. Aggressive driving (“road rage”).

The following were the most important safety problems for other expert respondents, based on their mean ratings:

1. High-risk drivers (all causes combined);

2. Driver fatigue/drowsiness;

3. At-risk driving behaviors (e.g., speeding, tailgating);

4. Delays associated with loading and unloading (resulting in long working hours);

5. Driver tumover resulting in unstable workforce;

6. Driver health and wellness, lifestyle, and general health [tie]; and

7. Sleep apnea.

These were the most widely practiced methods, per the safety managers:

1. Continuous tracking of drivers’ crashes/incidents/violations: 92%;

2. Regularly scheduled vehicle inspection and maintenance: 91 %;

3. Hiring based on criteria related to driver crash, violation, or incident history: 90%;

4. Tracking of overall fleet safety statistics (e.g., crash/violation rate): 88% [tie];

5. Safety-related basic equipment specifications on new vehicles: 88% [tie];

6. Standardized training for all new hires: 87%; and

7. Trip sheets (e.g., driver documentation of pre- and post-trip inspections: 87%.

The following were the most effective safety methods for fleet safety manager respondents, based on their mean ratings:

1. Regularly scheduled vehicle inspection and maintenance;

2. Hiring based on criteria related to driver crash, violation, or incident history;

3. Continuous tracking of drivers’ crashes/incidents/violations;

4. Requiring that new hires meet or exceed a minimum number of years of driving experience;

5. Crash and incident investigation by carrier management;

6. Standardized training for all new hires; and

7. Within carrier management, alignment of operational and safety functions.

The following were the most effective safety management methods for the other expert respondents, based on their mean ratings:

1. Continuous tracking of drivers’ crashes/incidents/violations;

2. Hiring based on criteria related to driver crash, violation, or incident history;

3. Apprenticeship and “finishing” programs for new drivers;

4. Standardized training for all new hires;

5. Regular refresher training for all drivers;

6. Remedial training programs for problem drivers; and

7. Fatigue management programs.

Highway/Heavy Vehicle Interaction, Commercial Truck and Bus Safety, Synthesis 3 by Douglas W. Harwood, Ingrid B. Potts, Darren J. Torbic, and William D. Glauz (Transportation Research Board, 2101 Constitution Avenue, N.W., Washington, D.C. 20418; ph. 202-334-2934; http://www.national-academies.org/trb/bookstore ) (2003) [HE5613.C6 #3]
	Highlights

· marking of passing and no-passing zones on two-lane highways should be evaluated 

· acceleration lane lengths at entrance ramps to major highways do not appear to accommodate the lowest performance trucks 

· offset left-turn lanes have been found to be effective

· we need better information on the safety effects of differential speed limits

· ongoing evaluation of ITS systems that use new technology to improve heavy vehicle safety should continue


Trucks and buses are larger, heavier, and less maneuverable than passenger cars and make up an increasingly larger proportion of the traffic on U.S. highways. This synthesis addresses the safety interactions of commercial trucks and buses with highway features and the highway improvements that can be made to improve the safety of heavy vehicle operations. This synthesis presents the state of knowledge and the state of practice concerning the accommodation of heavy vehicles on the highway.

A wide variety of heavy vehicle types-including single-unit trucks, combination trucks with one, two, or three trailers, and buses—operate on U.S. highways. The physical and performance characteristics of heavy vehicles that interact with highways include vehicle types and configurations, weights and dimensions, turning radius, offtracking and swept path width, trailer swingout, braking distance, driver eye height, truck acceleration characteristics, rearward amplification, suspension characteristics, load transfer ratio, and rollover threshold.

Many highway geometric design criteria are based on vehicle characteristics. In many cases, truck and buses are the most critical characteristics used in defining these design criteria or assessing their appropriateness. Highway geometric design features whose design is based on consideration of vehicle characteristics include sight distance, upgrades, downgrades, acceleration lanes, horizontal curves, intersection design, interchange ramps, and roadside features.

Traffic control devices and traffic regulations have an important role in safely accommodating heavy vehicles on the highway and can be used by highway agencies to better accommodate trucks at locations where safety problems have occurred or are anticipated. The traffic control device strategies that have been used, or are being considered, to better accommodate heavy vehicles on the highway include differential speed limits for passenger cars and heavy vehicles, heavy vehicle prohibitions on particular roads, lane use restrictions for heavy vehicles, exclusive lanes and exclusive roadways for heavy vehicles, signing for long downgrades, signing and marking of interchange ramps, mitigating the restriction of sign visibility by heavy vehicles, and modifying signal timing to better accommodate heavy vehicles.

Highway agencies are increasingly using intelligent transportation system (ITS) initiatives to more effectively communicate with heavy vehicle drivers and provide real-time information concerning safe vehicle operation. The types of ITS systems in current use by highway agencies include warning systems for long downgrades, dynamic curve warning systems, and improved weigh station operations. ITS initiatives related to heavy vehicle safety also include on-board vehicle technology such as collision avoidance systems for buses. 

Recommendations

1. The marking of passing and no-passing zones on two-lane highways should be evaluated to ensure that heavy vehicles use them properly. The sight distance criteria in the MUTCD used for marking passing and no-passing zones are appropriate for passenger cars, but do not explicitly consider heavy vehicles. 

2. The current AASHTO Green Book criteria for acceleration lane lengths at entrance ramps to major highways appear appropriate to accommodate average trucks, but do not appear to accommodate the lowest performance trucks. 

3. Offset left-turn lanes have been found to be effective in reducing the potential for opposing left-turn vehicles to restrict their drivers' view of potentially conflicting traffic. Such sight restrictions are of greatest concern when one of the opposing left-turn vehicles is a large truck or bus. However, the frequency of accidents related to such sight restrictions and the benefits of providing offset left-turn lanes to remove such sight restrictions has not been documented. 

4. More research on the issue of differential speed limits is needed. The belief that lower heavy vehicle speeds will reduce accident rates is widespread but unproven. By contrast, fundamental traffic engineering principles suggest that accident rates increase as the variance of vehicle speeds on a facility increases. Highway agencies need better information on the safety effects of differential speed limits.

5. A recent limited test of left-lane truck restrictions in Houston showed positive results for safety. However, all previous research on truck lane restriction has found no effect on safety. Further research based on field trials would be desirable to establish whether lane restrictions have safety benefits.

6. Many highway agencies are facing decisions about whether to reduce traffic congestion by building exclusive truck lanes or exclusive truck roadways. Research is needed to provide safety performance measures to assist highway agencies in such decisions.

7. The ongoing evaluation of ITS systems that use new technology to improve heavy vehicle safety should continue. New and innovative systems should be developed and the safety effectiveness of both existing and new systems should be evaluated and documented.

Incompatibility of Vehicles in Crashes (Insurance Institute for Highway Safety, 1005 North Glebe Road, Arlington, VA 22201; ph. 703-247-1500; http://www.highwaysafety.org/srpdfs/sr3804.pdf ) (April 26, 2003)

	Highlights

· occupant deaths per million registered vehicles 1 to 4 years old were highest in the lightest vehicles

· death rates have dropped for all sized vehicles over the last decade

· both SUVs and pickups have proportionately more car crash partner deaths than occupant deaths


Small and lightweight vehicles have high death rates for their own occupants in all kinds of crashes, single- as well as multiple vehicle. However, in crashes between two vehicles the heavier ones can increase the deceleration forces — and the injury risks — for occupants of the lighter ones. So an issue is the extent to which people in vehicles such as very large and heavy SUVs have lower risks at the expense of increased risks for occupants traveling in other vehicles.

To assess this concern, it’s important to consider not only what happens to people inside particular types of vehicles (self protection), but also what happens to people inside the other passenger vehicles with which they collide. These other passenger vehicles sometimes are referred to as crash partners, and reducing the risks produced by particular vehicle types for the occupants of their crash partner vehicles sometimes is referred to as partner protection.

Car crash partner risks can be assessed by comparing the numbers of occupant deaths that occur in cars in crashes with SUVs, pickup trucks, or other cars per million of those vehicles registered. These death rates indicate the risks for occupants of crash partner cars resulting from collisions with the different vehicle types. Again, it’s important to isolate the effects of vehicle weight when comparing crash partner death rates. This allows comparisons of the risks to occupants of partner cars when the other vehicle is, for example, a heavy car versus a heavy SUV.

The combination of self and crash partner death rates takes into account the deaths in vehicles in all crashes (single- and multiple vehicle) plus the deaths that occur in crash partner vehicles in two-vehicle collisions. This combination provides a more complete assessment of occupant safety.

Small and lightweight vehicles provide much less protection to their occupants in crashes than larger and heavier vehicles. This is true regardless of vehicle type (SUV, pickup, or car). During 1990-91, occupant deaths per million registered vehicles 1 to 4 years old were highest in the lightest vehicles.

Occupant death rates also vary by vehicle type. In each vehicle weight category, occupant death rates in vehicles 1 to 4 years old during calendar years 1990-91 were lower in cars than in SUVs or pickup trucks. A decade later (2000-01) the patterns had changed somewhat. Most noticeable is that the death rates were substantially lower across the board for all three vehicle types in weight category. An example involves vehicles weighing 3,000 to 3,499 pounds. During 1990-91, the self-protection death rate for cars was 152 per million cars registered. The corresponding rate for SUVs in the same weight category was 187 deaths per million, and for pickups it was 227 deaths per million. By 2000-01 these rates had dropped to 127 (cars), 129 (SUVs), and 188 (pickups).

There still were relationships between occupant death rates and vehicle weights during 2000-01, but these relationships were less pronounced than they had been a decade earlier. The biggest changes occurred in the death rates for the lightest cars (those weighing less than 2,500 pounds). This change reflects in part the fact that cars in this weight category got heavier, and heavier vehicles generally have lower occupant death rates. Fifty-four percent of 1987-89 model cars in the lightest group weighed less than 2,250 pounds. A decade later, fewer than 9 percent were as light.

Comparisons of death rates by vehicle type reveal other changes from 1990-91 to 2000-01. During the more recent years, cars still had lower death rates than pickups, but cars and SUVS in the same weight categories had similar death rates.

Deaths in cars and SUVs don’t occur in the same kinds of crashes. Single-vehicle rollover crashes consistently account for about 20 percent of car occupant deaths. In contrast, the corresponding percentage of SUV occupant deaths that occurred in single-vehicle rollovers was 52 during 1990-91 and 48 a decade later. The risk of a fatal single-vehicle rollover crash is about twice as high for SUV occupants as it is for car occupants.

In two-vehicle crashes involving SUVs, pickups, or cars in which deaths occur in crash partner cars, the partner death rates vary according to the type and weight of the other vehicle. Except for the heaviest pickup trucks, partner death rates are significantly lower than occupant (or self protection) death rates because improved crashworthiness can be effective in all kinds of crashes. In contrast, crash partner risks are relevant only in crashes involving two passenger vehicles. Fewer than 35 percent of all car occupant deaths occur in two vehicle crashes with other passenger vehicles, including other cars.

Compared with cars, both SUVs and pickups have proportionately more car crash partner deaths than occupant deaths. This indicates that SUVs, and especially pickups, do pose greater risks than cars for the occupants of their crash partner cars.

For overall safety, it’s important to maintain an appropriate balance between self protection and risks for occupants of crash partner cars. A good example involves vehicle weight. Increasing weight generally increases self protection, but this benefit diminishes as vehicles get heavier and heavier. At the same time, the disbenefits (or negative consequences) for occupants of crash partner cars don’t appear to decrease as the other vehicles get heavier and heavier. At some point heavy vehicles cost more lives in crash partner cars than they save among the people they transport. 

Guidelines for the Use of Lithium to Mitigate or Prevent Alkali-Silica Reaction (ASR) by Kevin J. Folliard, Michael D. A. Thomas, and Kimberly E. Kurtis, Transtec Group, Inc., 1012 East 38½ Street, Austin. TX 78751 (Office of Infrastructure R&D, Turner-Fairbank Highway Research Center, HRDI-12, 6300 Georgetown Pike, Room F-209, McLean, VA 22101; http://www.tfhrc.gov/about/orgdirect02/orgdir.htm ) (July 2003) [TD2.30:03-047]

	Highlights

· alkali-silica reaction causes premature deterioration of concrete structures

· lithium compounds have proven to be effective in post treating hardened concrete

· LiNO3 has been found to be the most efficient compound in controlling expansion 

· combined use of lithium and SCMs (especially fly ash and slag) is recommended to reduce the cost 


Alkali-silica reaction (ASR) is a major durability problem that has resulted in premature deterioration of various types of concrete structures in the United States and throughout the world. Although the use of lithium compounds has been known to be effective in controlling ASR-induced expansion for about 50 years, there have been only limited field applications. In the past 10 years, however, there has been renewed interest in using lithium as either an admixture in new concrete or as a treatment for existing structures. Because of the limited use of lithium compounds in laboratory research and field applications, guidelines have been lacking. This report presents guidelines and recommendations to provide practitioners with the required tools to test, specify, and use lithium compounds in concrete construction and repair applications.

This report reviewed the basics of ASR, summarized past research and field applications of lithium compounds in concrete construction, and presented guidelines (including economic considerations) for using lithium in new concrete and as a post treatment for existing structures. Some of the main findings and conclusions from this report include:

· ASR is a significant problem in the United States and elsewhere, but there are several available methods available for preventing ASR-induced expansion, including the use of non-reactive aggregates, low-alkali concrete, supplementary cementing materials (SCMs), and lithium compounds. 

· The mechanisms by which lithium compounds suppress ASR expansion are not understood fully, but it is evident that lithium is incorporated into ASR gel, rendering the gel essentially non-expansive. ASR gels still form in the presence of lithium, but the altered structure (perhaps lithium substituting for calcium) inhibits water absorption and expansion. 

· A variety of lithium compounds, including LiCl, Li2CO3, LiF, Li2SiO3, LiNO3, LiOH•H2O, LiNO2, and Li2SO4 have been shown in laboratory studies to inhibit ASR-induced expansion effectively, provided that they are used at a sufficiently high dosage. LiNO3 has been found to be the most efficient of the above compounds in controlling expansion because, unlike the other lithium salts, LiNO3 does not increase pore solution pH. 

· Adding lithium to concrete at a molar ratio Li:(Na + K) of 0.74 is adequate to suppress expansion for most aggregates, although certain aggregates may require more, and others may need less. 

· A substantial portion of lithium is absorbed in early hydration products, thereby requiring higher dosages of lithium compounds to offset this loss and to control expansion adequately. The development of a lithium-bearing glass has been reported as a means of minimizing this uptake of lithium by hydration products, thereby resulting in more efficient use of the active lithium compound in controlling ASR-induced expansion. 

· The combined use of lithium and SCMs (especially fly ash and slag) is recommended to reduce the economic impact of using lithium and to produce low-permeability concrete that is more resistant to ASR and other deterioration mechanisms. 

· The test method most recommended for assessing lithium compounds in the laboratory is ASTM C 1293, with a test duration of 2 years. A modified version of ASTM C 1260 (modified by adding lithium to the soak solution) has shown promise as a rapid test for assessing lithium-aggregate combinations, but further research is recommended to correlate this rapid test with ASTM C 1293 and field performance. 

· Lithium compounds have proven to be effective in post treating hardened concrete that has already expanded from ASR, thereby reducing or eliminating future expansion.

Structural Supports for Highway Signs, Luminaires, and Traffic Signals, NCHRP Report 494, by Fouad H. Fouad, James S. Davidson, Norbert Delatte, Elizabeth A. Calvert, Shen-En Chen, Edgar Nunez, & Ramy Abdalla (Transportation Research Board, 2101 Constitution Avenue, N.W., Washington, D.C. 20418; ph. 202-334-2934; http://www.national-academies.org/trb/bookstore ) (2003) [TE7.N25 #494]

	Highlights

· The main objective of the project was to enhance the Supports Specifications developed under Project 17-10 and to provide a strategic plan for future development of the specifications.


NCHRP Project 17-10 was conducted for the main purpose of revamping the 1994 edition of the AASHTO Standard Specifications for Structural Supports for Highway Signs, Luminaires and Traffic Signals (hereafter referred to as the Supports Specifications). The project addressed specific technical topics; provided major updates based on current codes and standards; presented new wind maps and wind loading criteria; and introduced new sections on fiber-reinforced composites, wood structures, and fatigue design. Project 17-10 resulted in a totally revised Supports Specifications that was submitted to the AASHTO Highway Subcommittee on Bridges and Structures (HSCOBS), adopted in 1999, and published in 2001.

In spite of the extensive research efforts performed under NCHRP Project 17-10, a number of technical issues still needed further investigation or refinement. The project panel identified and prioritized a number of technical topics for study in NCHRP Project 17-10(2). The main objective of NCHRP Project 17-10(2) was to enhance the Supports Specifications developed under Project 17-10 and to provide a strategic plan for future development of the specifications. Specific technical topics addressed by Project 17-10(2) included the following:

· Wind load analysis. A report for consideration by the AASHTO HSCOBS was prepared to address the basis for the differences in the wind speed maps, the differences in design loads resulting from wind speed maps, and the treatment of gusts in the 1994 and 2001 Supports Specifications. Approximate gust effect factors for wind-sensitive structures were also developed.

· Fatigue and vibration in non-cantilevered support structures. Fatigue and vibration in non-cantilevered support structures were studied, and a set of fatigue loads was recommended. Additionally, connection details to minimize fatigue effects, effectiveness of gussets in reducing fatigue problems, and vibration-mitigation measures were evaluated and documented. The material is presented in a format that is suitable for consideration for inclusion in the specifications.

· Foundations and anchor bolts. Selection criteria and design guidance for support structure foundations were provided, and a simplified design method for anchor bolt design was proposed based on state-of-the-art information on anchorage to concrete.

· Drag coefficient transitions for multisided to round shapes. A drag coefficient transition equation was developed for tapered poles that transition from multisided shapes to round shapes.

· Connection plate and base plate flatness tolerances. Current practice and state DOT specifications were reviewed to identify the need for structure-specific connection plate and base plate flatness tolerances for erection. Tolerances based on the findings were recommended.

· Bending about the diagonal for rectangular steel sections. Strength and failure criteria for bending about the diagonal axis of rectangular steel sections were established. Design guidelines were developed and proposed for bending about the diagonal for rectangular steel sections.

· Fiber-reinforced composites. A performance specification, including acceptance testing procedures, was developed for fiber-reinforced composite support structures.

· Design examples. Sixteen design examples that represent good design practice for various types of support structures while illustrating key features of the specifications were developed. 

· Retrofit and rehabilitation of fatigue-damaged support structures. A report that addresses for retrofitting and rehabilitating fatigue-damaged support structures was prepared. Guidance on repair and replacement decisions was also provided as part of this report.

Furthermore, a strategic plan for future enhancement of the Supports Specifications was developed, including a plan for conversion of the specifications to load and resistance factor design (LRFD) philosophy and format. The importance of converting to an LRFD approach was emphasized, and the necessary analytical work to achieve this conversion was reviewed.

Testing of Selected Metallic Reinforcing Bars for Extending the Service Life of Future Concrete Bridges by Gerry Clemeña, (Virginia Transportation Research Council, 530 Edgemont Road, Charlottesville, VA 22903; ph. 434-293-1949; gerardo.clemena@virginiadot.org; http://www.virginiadot.org/vtrc/main/online_reports/pdf/03-r7.pdf ) (Jun 2003) 

	Highlights

· the annual cost of corrosion in the nation’s highway bridges is $8.3 billion
· clad and stainless steel bars tolerated 15 to 24 times more chloride than did the carbon steel bars
· stainless steel clad bars would cost the least and the epoxy-coated bars the most


The latest estimate of the annual cost of corrosion in the nation’s highway bridges is $8.3 billion. Epoxy-coated carbon steel bars have been used in the concrete bridge decks built by many state transportation agencies since the early 1980s, and the majority of these decks have remained free of corrosion. The estimates for the additional service life attained with these epoxy-coated bars range from 5 to 25 years. However, the epoxy coating does have weaknesses (e.g., a susceptibility to abrasion damage) that are expected to limit its long-term effectiveness. 

To achieve the design-life goal of 100 years for major bridges, reinforcing bars made of intrinsically corrosion-resistant materials are needed. Bars with a realistic prospect of immediate application are those made of stainless steel. Unfortunately, their cost is very high and has been the major obstacle to their widespread acceptance by transportation agencies.

Bars clad with stainless steel, other bars made of stainless steel alloys, and carbon steel bars were tested in concrete blocks and were also exposed to simulated concrete pore solutions with various pH and chloride ion concentrations. In some blocks, the stainless steel or clad bars were used in the top and the carbon steel bars were used in the bottom. This combination is sometimes used in bridge decks to reduce cost. The blocks were cured outdoors for 30 days, and then their sides were coated with epoxy. Immediately after, the blocks were subjected to weekly cycles of ponding for 3 days with a saturated solution of NaCl and drying for 4 days.

Except for the accelerated exposure to salt, the test concrete blocks were intended to provide a realistic simulation of the environment that typically surrounds embedded reinforcing bars. In contrast, the pore solutions provided a harsh, or worst-case, test environment. Different electrochemical techniques were used to monitor the behavior of the different bars during the exposures. 

Findings from the Laboratory Investigation

After almost 2 years, the defect-free clad bars were virtually as corrosion resistant as the solid stainless steel bars. In contrast, the carbon steel bars corroded as early as 90 days after exposure. 

The clad and the stainless steel bars tolerated 15 to 24 times more chloride than did the carbon steel bars. 

When clad bars are embedded in concrete, defects in the cladding may not necessarily lead to corrosion of the exposed carbon steel. Clad bars with holes intentionally drilled through the cladding to expose the carbon steel core showed corrosion activity in the pore solutions, but clad bars with similar defects that were embedded in concrete showed no corrosion activity, even after 700 days of weekly severe salt exposure cycles

As predicted, corrosion can occur on the exposed carbon steel at the cut ends of clad bars. Tests in solutions indicated that the chloride corrosion threshold of the exposed carbon steel core at the cut ends of clad bars was similar to that of solid carbon steel bars. In addition, tests of different methods for sealing the ends showed welding the ends with stainless steel to be the least effective and epoxy coating the ends to be associated with various degrees of improvement.

Using the combination of a corrosion-resistant but more expensive bar in the top-mat reinforcement of a bridge deck and a cheaper but corrosion-susceptible carbon steel bar in the bottom-mat reinforcement is risky. Sufficient chloride ions will eventually reach the bottom mat to cause the carbon steel bars to corrode before the top-mat bars 

Among the four types of bars considered, the clad bars would cost the least and the epoxy-coated bars the most. There is no doubt that a complete life cycle cost analysis would make clad bars even more favorable. Estimates indicate that VDOT can save $1 million per year by switching to clad bars.

The cost of the epoxy-coated bars was based on the assumption that they provide only 5 additional years of service life over the bare carbon steel bars. Bridge owners may make their own estimate, realizing that for every 5 years corrosion is delayed on epoxy-coated bars, the rate of return is $0.01/ft2 per service year. At this rate, for the cost to drop to the $0.05/ft2 per service year cost of the clad bars, the epoxy-coated bars would have to delay corrosion for 79 years, which is a very unlikely scenario. 

	Simplified Comparison of Costs Associated with Use of Different Bars

	Item
	Carbon Steel Bar
	Epoxy-Coated Bar
	Clad Bar
	Stainless Steel Bar

	Total deck area (ft2)
	31,145
	31,145
	31,145
	31,145

	Pounds of bars required
	218,040
	218,040
	218,040
	218,040

	Unit cost of bars installed ($/lb)
	0.50
	0.60
	1.10
	2.30

	Total cost of bars ($)
	109,020
	130,820
	239,840
	501,490

	Projected length of service before corrosion occurs (yr)
	34
	39
	>150
	>150

	Effective cost of bars before corrosion ($/yr-ft2)
	0.10
	0.11
	<0.05
	<0.11


“Robotic Machine for Highway Crack Sealing” in Transportation Research Record 1827 by D.A. Bennett, X. Feng, and S.A. Velinsky (Transportation Research Board, 2101 Constitution Avenue, N.W., Washington, D.C. 20418; ph. 202-334-2934; http://www.national-academies.org/trb/bookstore) (2003) [TE7.H5 #1827]
	Highlights

· OCCSM is a fully self-contained, field-operational machine capable of automatically identifying and sealing in-lane random pavement cracks with hot-applied sealant 

· OCCSM is a very complex system, but it also is simple and comfortable to operate

· OCCSM is a flexible and intelligent robotic system


Extending the time between major roadway rehabilitation activities can provide dramatic cost savings to highway agencies. Pavement cracks typically are the first signs that a road is deteriorating. A timely and comprehensive crack-sealing program can dramatically postpone a large investment in pavement rehabilitation or replacement. Highway agencies typically recognize the importance of protecting roadway subbases with effective crack seals but do not have the resources to seal or maintain seals for all of their roads. In addition, sealing pavement cracks is a tedious, labor-intensive, and dangerous task. In California, a typical operation to seal in-lane cracks in asphalt concrete pavement involves a crew of six individuals who can seal 1 to 2 lane miles per day. The procedure is not standardized, and the quality of the resultant seal varies widely. Also, a worker must maneuver an unwieldy hose and wand to apply 200°C (400ºF) sealant into roadway cracks, all the while separated from fast-moving traffic in adjacent lanes by little more than an occasional plastic cone.

Advances in sealant application techniques are long overdue. By reducing required person-hours and increasing overall seal production through automation, more cracks could be sealed, providing long-term pavement benefits. The Advanced Highway Maintenance and Construction Technology (AHMCT) Research Center has been developing exactly this type of technology and expertise for more than a decade. An engineering design center that supports highway maintenance and construction operations by developing and deploying vehicles and equipment using advanced robotic and automation technology, the AHMCT Research Center is part of the Department of Mechanical and Aeronautical Engineering at the University of California. Davis. It is principally funded by the California Department of Transportation (Caltrans), and oversight is provided by the Caltrans Department of Research and Innovation.

The primary goal of the Operator Controlled Crack Sealing Machine (OCCSM) project was to achieve ease of operation while providing the simplest automated method of sealing random pavement cracks. To convert an inherently complex task into a simple operation, a high level of machine sophistication is required. As described here, the OCCSM is a very complex system, but it also is simple and comfortable to operate. The user is unaware of the complicated process that the machine completes to automatically seal random pavement cracks. The operator assigns tasks to the machine and is the decision maker. The machine performs the repetitive and dangerous tasks of mapping the pavement cracks, creating seal paths for the robot, and sealing the cracks. The operator communicates with the machine through a simple user interface adjacent to the driver. This operator control approach drastically reduces the machine's control complexity relative to fully automated crack-sealing machines such as the ACSM. Unlike the Automated Roadway Maintenance Machine (ARMM), the OCCSM integrates the entire apparatus on a single truck, and its manipulator uses a revolute joint and a prismatic joint, thus allowing for operation in a full lane width without intruding into adjacent lanes.

The OCCSM is a fully self-contained, field-operational machine capable of automatically identifying and sealing in-lane random pavement cracks with hot-applied sealant. The OCCSM system is currently based on a 26.000-lb (11,790-kg) gross vehicle weight cab-over truck with a flatbed body and steel side panels. The entire sealing process can be operated from the driver's seat. The robot is mounted below the rear of the truck and works the entire lane width off the back in segments 4 m (13 ft) long.

The OCCSM functions as a single system but actually is composed of several independent subsystems, each responsible for a single specific task in the overall automated process. These subsystems communicate freely via an on-board intranet network. The separate subsystem approach was not only beneficial for machine development but also simplifies the troubleshooting of potential system problems. Subsystem independence isolates any problem to one component so it can be identified and resolved quickly. Even after all the subsystems have been integrated, due to the class (object-oriented) structure of the control program and network communication, each subsystem retains the ability to be operated independently for ease of testing.

The main OCCSM subsystem categories are vision, user interface (including path planning), motion control, input/output (1/0) and sealing. The OCCSM system is incorporated onto a single truck chassis and does not require any connections to a trailer or large external frames. The arm and the camera support beam extend out to the workspace only during normal operation; both are stored in the truck during transport. The operator controls the operation of the machine through a user interface program that runs on a laptop computer. The control computer connects to a wireless access point Ethernet hub switch on board the truck that connects all the subsystems into a distributed control network. The vision system, motion controller, and I/0 controller are connected to fast Ethernet ports to ensure high-speed communication between these real-time subsystems. The user interface is connected via Wireless Fidelity (Wi-Fi) or Ethernet, allowing the operator to monitor and control the machine from anywhere within the truck, or even over the Internet.

The OCCSM has successfully sealed real pavement cracks with real sealant on real roadways. Its flexible and intelligent robotic system can easily be adapted to many other highway operations.

Combating Gridlock: How Pricing Road Use Can Ease Congestion by William D. Eggers, Peter Samuel and Rune Munk (Deloitte Research, Ann Baxter, phone +415 783 4952; http://www.dc.com/pdf/gridlock.pdf ) (November 4, 2003)

	Highlights

· curbing gridlock requires proper pricing of scarce road space 

· cities have already seen great success by implementing road user charges


A number of efforts under way around the world show that curbing gridlock comes down to the proper pricing of scarce road space. The challenge is to set prices that reasonably match up demand and supply among the millions of vehicles that use this finite space. Such a basic economic principle has long ordered the provision of the food we eat, the housing we live in, the clothes we wear, and indeed most of the myriad goods and services of our everyday lives. It has only been precluded in the area of road use by the difficulty and cost associated with charging people directly for road space.

Recent developments in technology, however, now make it not only acceptable, but feasible to charge for roads on a usage basis. Expensive toll booths that stop traffic are no longer required, as road usage can be detected and recorded while allowing traffic to flow freely. The best-known recent example is the central London congestion charge. Vehicles driving within central London are charged a flat fee of GB£5 per day between 7:00 am and 6:30 pm, Monday to Friday. Since the road charge was instituted in February 2003, average traffic speeds in the center of London have risen by 37% and traffic levels are down by 16%.

Road user charging developments can be categorized in several distinct stages and according to different principles:

· The corridor approach. Traditional revenue-generating single road toll schemes were first used in Roman times and, until relatively recently, have remained the main form of road charging. Today’s electronic tolling technologies allow conventional toll roads and new HOT (high-occupancy tolling) lanes to play a broader role in congestion management.

· The area scheme. Typically applied to urban congestion charging schemes, this refers to charging users to drive in an area that has a closely integrated road system. The Singaporeans were the pioneers here. The Singaporean scheme has reduced total peak period traffic by 45% and the number of cars by 70%.

· National and transnational systems. Here, the charged area extends to a wider road network, rather than just an individual zone. To date, nearly all of the road user pricing schemes that have reached this stage involve heavy goods vehicles (trucks) and vary from major highways to the inclusion of all roads. Austria, France, Germany, Switzerland, and the United Kingdom all have or plan to have road user pricing nationwide for trucks.

· Integration. This will be a future stage in which customers make informed choices at every step of the journey across transport modes. The road user charge is meant to provide an incentive for the customer to make the most efficient transport choice. Advanced transportation technologies play an important role in making this stage possible.

Ten Strategies 

1) Recruit an influential champion. A skilled sponsor with political and public influence can create a sense of inevitability and be pivotal in keeping the project going.

2) Keep the public and stakeholders informed and on your side. All those impacted by the road user charging scheme need to be treated sympathetically, including citizens, local government bodies, consumer groups, and local businesses.

3) Secure cooperation from third parties. Highlight the benefits and emphasize transparency and teamwork.

4) Make it part of an integrated strategy. Set up appropriate complementary and alternative transport. If commuters cannot continue their daily lives by using public transport or other alternatives, they will return to their cars.

5) Counter the “just another tax“ charge. It’s crucial to the success of any pricing scheme to make the use of the funds acceptable or attractive to people so that it will not be perceived as “just another tax.”

6) Pick the right scale and pace. Pilot project or “big bang?” The strategy has to be political. What makes the most sense to the most people?

7) Use proven technology. The key to the London scheme was that it used proven technology that was integrated on time and on budget.

8) Focus on customer relationships. It should be relatively straightforward for anyone to make a payment using appropriate and cost-efficient channels. Enforcement processes must be effective and provide a sufficient deterrent to minimize evasion.

9) Ensure a successful debut—plan appropriate contingencies. Before the project goes live, preparations should be made for all of the nightmares that can be envisaged.

10) Don’t lock yourself in. No road pricing scheme is ever likely to look in its final form exactly the way it looked at the beginning. Having the flexibility to adapt to the changing environment is an imperative.

New technologies and changing public perceptions are transforming the debate about how to tackle the problem of ever-escalating traffic congestion. A number of cities have already seen great success by implementing road user charging schemes to cut down on traffic during peak periods. It is now becoming possible to apply market principles to road congestion to better match the increasing demand for road use to the finite supply of roads—through programs that are convenient to use, increasingly transparent, and proven to ease the thorny problem of urban gridlock.

The Cost of Traffic Congestion in the Atlanta Region: The Region's 20 Worst Traffic Jams and The Steps Needed to Relieve Traffic Congestion (The Road Information Program, 1726 M Street, NW, Suite 401, Washington, DC 20036; Phone: (202) 466-6706; http://www.tripnet.org/AtlantaCongestionStudyMay2003.PDF ) (May 2003)

	Highlights

· congestion on Atlanta' s key streets and highways costs commuters as much as $1,686 annually in wasted time and fuel


In this report, The Road Information Program (TRIP) looks at the cost to commuters of time and fuel wasted on Atlanta's 20 most congested sections of urban streets and highways. The report also outlines a comprehensive set of strategies that could help relieve traffic congestion in the area.

The congestion cost estimates are TRIP's calculations, which use daily traffic count data to estimate the impact of urban traffic congestion on consumers. The methodology used by TRIP also reflects the increased traffic efficiency achieved by steps to improve traffic movement, such as reverse-flow traffic lanes, ramp metering on freeways, and motorist assistance programs, which all reduce traffic delays.

Traffic congestion on Atlanta's key streets and highways costs commuters as much as $1,686 annually in wasted time and fuel, depending on which route they use for their daily commute. Commuters taking more than one of the region' s most congested routes may actually pay more in lost time and wasted fuel due to congestion. Average congestion costs and hours delayed estimates are based on half of an average commute in Atlanta, which is 16.7 miles, being traveled on one of the routes.

Rapid increases in population and vehicle travel in the Atlanta region are contributing to increased traffic congestion in the region. Increasing levels of traffic congestion may become an impediment to regional economic development and may hurt tourism in the region, particularly in its downtown hub.

· Between 1990 and 2001, vehicle travel in the Atlanta region increased 45% from approximately 77 million miles of travel daily to approximately 112 million miles daily.

· Daily vehicle travel in the Atlanta region is expected to increase by another 51% by the year 2025 from approximately 112 million miles driven daily in 2001 to approximately 167 million miles driven in 2025.

· Between 1990 and 2001, population in the Atlanta area increased 35% from approximately 2.6 to 3.5 million. The population of the Atlanta region is expected to increase by another 49% by the year 2025 to approximately 5.2 million people.

Relieving traffic congestion in the Atlanta region will require a comprehensive approach, which includes expanding capacity of a region's integrated transportation system, improving the efficiency of the existing system and offering alternatives for some peak hour trips.

The Georgia Department of Transportation, the Atlanta Regional Commission and the Georgia Regional Transportation Authority have taken numerous steps that have been effective in providing some traffic congestion relief by increasing the efficiency of the local highway and street network. But accommodating the continued growth in vehicle travel, without experiencing a significant increase in traffic congestion, will require that the region to make improvements in the efficiency of its transportation system. This must be accomplished while continuing to balance both air quality considerations and financial constraints. These have affected and will continue to affect timely delivery of transportation improvements. Future plans should build on current efforts to provide local traffic congestion relief. These plans should continue to include and enhance:

· Effectively increasing the transportation system through expanded road and highway capacity, improved freight movement corridors, an improved, affordable transit system and new and improved sidewalks and bike paths.

· Improving traffic flow and system efficiency through better traffic signalization, ramp metering, reverse-flow lanes, faster accident response times and driver information systems.

· Programs to reduce the number of peak-hour vehicle trips, including telecommuting, flextime and ridesharing programs.

· Community-based local planning that, encourages mixed-used development, improves the regional mix between jobs and housing and allows neighborhood design -based on ample market demand--that may reduce the need for, or shorten the length of, some trips.

Systems Engineering Processes for Developing Traffic Signal Systems, NCHRP Synthesis 307 by Robert L. Gordon, Dunn Engineering Associates (Transportation Research Board, 2101 Constitution Avenue, N.W., Washington, D.C. 20418; ph. 202-334-2934; http://www.national-academies.org/trb/bookstore ) (2003) [TE7.N38 #307]

	Highlights

· Systems engineering methodologies used by practitioners for traffic signal systems and an indication of the extent to which they are used are identified.  


This synthesis presents a general discussion of the techniques employed in systems engineering. Systems engineering is generally considered to encompass the project life cycle, starting with problem definition and continuing through design, construction, testing, operation, and maintenance. It is an interdisciplinary approach and means to enable the realization of successful systems. Systems engineering techniques available to traffic signal systems engineers are discussed.

Key processes have been identified in the following traffic signal systems engineering areas:

· Goals and problem definition,

· Identification of constraints,

· Planning structure for identification of requirements,

· Traffic signal systems design engineering

-Need for traffic signals,

-Signal timing,

-Requirements for signal coordination,

-Selection of type of traffic signal systems control,

-Communication systems,

-Intersection field equipment,

-Local intersection control strategies,

-Preemption,

-Transit priority,

-Alternatives evaluation,

-Systems procurement,

-Operations and logistics, and

-Project evaluation.

Systems engineering methodologies used by practitioners for traffic signal systems and an indication of the extent to which they are used are also identified. System methodologies related to the selection of objectives, alternatives evaluation, system procurement, operations, logistics, and project evaluation are described.

Summaries of existing practices are provided. These are comprised of responses to a survey questionnaire distributed to state transportation agencies to identify the system processes used by practitioners. Responses indicate that available methodologies are not used by practitioners for a significant number of functions because:

· The methodologies are not known by the practitioners or are not available in a user-friendly format. 

· Organization practices and/or standard specifications limit the options available to designers. Organization practices are often designed to optimize operations for an agency. Most methodologies optimize for a particular project.

· Issues such as legacy requirements and resource constraints on operations and maintenance often limit the alternatives available to system designers.

The synthesis finishes with conclusions. A number of shortcomings in currently available traffic systems engineering methodologies are identified. Suggestions to remedy these short-comings, as well as to better document a number of existing methodologies are provided.

7

