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Estimating Bicycling Demand by Gary Barnes and Kevin Krizek in Transportation Research Record 1939 (Transportation Research Board, 500 Fifth Street, NW, Washington, DC 20001; (202) 334-3213; http://gulliver.trb.org/bookstore) (2005)

	Highlights

· The actual percentage of cyclists in an area can be estimated at 0.3% plus 1.5 times the commute share.


Transportation investment decisions often require estimates or predictions of the amount of bicycling in a given area, as well as how this amount depends on facilities and other conditions. Despite a variety of publications describing efforts to model bicycle demand, no modeling technique, sets of parameter values, or even rules of thumb have emerged as definitive.

A first step in thinking about how bicycling demand can be modeled is to understand the types of questions that the model might be used to answer:

1. How many people will use a new facility?

2. How much will total demand increase given an improved facility or network?

3. How does bicycling affect public objectives such as congestion and air quality?

Another way of approaching the problem is to note that there are three different demand prediction objectives:

1. Predicting the total amount of bicycling in an area or on a facility;

2. Predicting the marginal amount that total demand will change given a change in facilities or policy; and

3. Identifying areas where inadequate facilities appear to be holding the level of bicycling below its potential, as in the latent demand approach.

In principle, a model that explains the total amount of bicycling as a function of basic factors, including demographic, policy, and facility variables, would answer all of these questions at the same time. In general, it has been hard to find strong relationships because the differences in levels of bicycling across different areas can be very large in relative terms, much larger than can reasonably be explained by differences in the bicycling environments. Unmeasured factors, perhaps cultural or historical, appear to play an extremely large role in determining the level of cycling in an area.

A second, less common type of demand prediction method uses census commute-to-work shares, often combined with other data, to provide an area-specific baseline of bicycle usage; this can help to neutralize or perhaps serve as a proxy for some of the unmeasured factors that can have such a large impact on demand. 

The first part of the paper describes the results of several surveys and other measurements of general bicycling demand completed over roughly the last decade. The aim is to bring together the results of these many different measurements to show that the statistics are all roughly consistent when their different time frames are considered and place general bounds on the sizes of numbers that are likely to be observed.

The second part of the paper argues that, for a variety of reasons, the common demand modeling objective for the development of relationships between facilities and use by comparing different geographic areas is not likely to provide models that are consistently successful. 

The third part of the paper discusses a simple model that relates current total bicycling rates to census commute-to-work shares. Estimates of this relationship are described across several geographic scales. This method is advantageous because it is simple to estimate, understand, and explain to policy makers and has a known range of accuracy.

Conclusion
On any given day, roughly 1% of the adults in the United States ride a bicycle. Over large geographic areas such as metropolitan areas or states, this number could range roughly from about 0.3% to 2.5%. Over smaller areas, such as specific parts of metropolitan areas, the range could go as high as 15%. These variations are far larger than can reasonably be explained by differences in formal policies and facilities. It seems that local or even subcultural attitudes and perhaps history play a substantial role in the perception of bicycling as an appealing or even normal thing for an adult to do.

When the actual percentage of cyclists in an area is not known, it can be estimated with reasonable accuracy by considering the bicycle commute-to-work share. A most likely value would be 0.3% plus 1.5 times the commute share; this was the best fit at the MSA level and also describes the United States as a whole.

The model described here has important practical advantages. It is simple enough to be understandable to those who make funding decisions and provides a known range of possible outcomes derived from a wide variety of locations and different geographic scales. However, it does fall short of the modeling ideal of directly describing a relationship between the provision of bicycling facilities and the amount of bicycling that will take place. The formulas derived here simply describe the amount of bicycling that is currently taking place; they do not relate this amount in a causal way to explanatory factors or explain how it might change. The authors believe that this compromise is necessary because of the findings described in the first two parts of this paper.

By helping the planner to estimate a range of the number of bicyclists currently riding in a given geographic area, the model establishes a baseline that can be used to develop more informed estimates about how this number might change given a change to the facilities or cycling environment. Such a baseline is necessary for any more detailed estimates or predictions because there is such a high degree of variation in bicycling demand levels in different locations. This model represents a first step in such a methodology; the question of how to get from a general estimate of current bicycling levels to predictions about general or facility-specific future levels is left to later research.

CDOT Foundation Design Practice and LRFD Strategic Plan by Nien- Yin Chang, University of Colorado at Denver and Health Sciences Center, Campus Box 113, P. O. Box 173364, Denver, Colorado 80217 (Colorado Department of Transportation – Research, 4201 E. Arkansas Ave., Denver, CO 80222) (Feb 2006)

	Highlights

· The current DMF-based design needs to move toward the LRFD-based DMF design during the transition and eventually the AASHTO LRFD procedures.


Load and resistance factor design (LRFD) was adopted by AASHTO to replace the allowable stress design method (ASD). As opposed to the ASD, where all uncertainties are accounted for in a factor of safety, the LRFD approach applies separate factors to account for each uncertainty in load and resistance. This provides a reliable and rational approach consistent with the safety requirement for highway structural and substructure designs. In the LRFD method, the external loads are multiplied by load factors, while the soil resistances are multiplied by resistance factors. A limit state is a condition beyond which a structural component ceases to fulfill it design function. The limit states, which must be evaluated in the AASHTO LRFD specification, include strength and service limit states. The strength limit state ensures that the design procedure provides adequate resistance (or margin of safety) against geotechnical and structural failures. The service limit state ensures that the function of the structure under normal service conditions performs satisfactorily (i.e., deformations is less than its tolerance). Hence, the foundation design procedure requires the estimation of the nominal response (ultimate strength and deformation) of the highway foundation when subjected to loading.

Foundation deformations can be evaluated from in-situ load tests and analytical methods (e.g., the finite element method and simple geotechnical analysis). Since the evaluation of foundation displacements by LRFD are performed in accordance with the service limit state, where load and resistance factors are both equal to unity, the methodologies used to estimate settlement and lateral deflection are identical for LRFD and ASD. The implementation of LRFD in CDOT design procedure with strength limit state requires 1) proper evaluation of soil strength and deformability, 2) establishment of the soil property database, and 3) evaluation and calibration of resistance factors.

Some of the methods employed in the prediction of the ultimate soil resistance are empirical, e.g., friction angle based on standard penetration test (SPT) blow counts, whereas others are rational based on classical theoretical soil mechanics (bearing capacity based on measured soil friction angle and cohesion). CDOT uses an empirical formula, Denver Magic Formula (DMF), to estimate the nominal strength of soils and rocks in the pier design.

The formula has been adopted extensively by the Denver geotechnical community in the design of drilled shafts and driven piles for many decades. CDOT has adopted it in the deep foundation designs for many years and there has been a lack of documented drilled shaft failures. This implies that the method might be somewhat conservative for the deep foundation design in Colorado and some calibration is needed for the implementation of the method in the LRFD deep foundation design in order to evenly apply the risk factor to the different strength contributing factors. Because of the nature of SPT tests, the blow count most likely reflects the undrained shear strength of soils or soft rocks. It is important to note that CDOT is not the first one to apply this method in assessing the bearing capacity of deep foundations.

The current DMF adopts a formula that gears towards ASD, for it predicts the allowable soil and rock resistances using the SPT blow count (N) alone. There is nothing wrong with implementing DMF in the LRFD foundation designs. However, to implement DMF in the LRFD bridge substructure design in Colorado requires the calibration against Colorado soils and rocks. Two possible approaches are suggested. While it deviates somewhat from the recommended FHW Ai AASHTO LRFD design approach, it can be calibrated and improved for use in deep foundation designs with data from PDA (pile driving analyzer) and full-scale load tests. For CDOT foundation design practice, two approaches are recommended:

The implementation of geotechnical LRFD is logical and unavoidable. The current DMF-based design needs to move toward the LRFD-based DMF design during the transition and eventually the AASHTO LRFD procedures. Internally CDOT has already adopted the AASHTO LRFD Bridge Design Specifications in the Bridge Branch. To allow a smooth design process of bridge superstructures and substructures requires the implementation of geotechnical LRFD. Technically, the LRFD procedures are more rational than the ASD and LFD alternatives, for they apply a uniform risk to all design factors. The FHWA has recommended that all state DOTs implement the LRFD procedures by 2007.

Whichever approach CDOT chooses to enforce, the complete implementation requires significant monetary and time investments. New subsurface investigation procedures, laboratory and field testing equipment, and full-scale foundation load tests are needed. This laboratory/field testing equipment and full-scale testing will provide the information for the database needed for the LRFD implementation. Additionally, a geotechnical LRFD training is needed to facilitate a smooth transition from ASD to LRFD. Careful planning will minimize the potential delay of project delivery. This may require, initially, a parallel design effort using both ASD and LRFD procedures to avoid any delay in project delivery and also provide information for comparison and calibration.

Rubblization for Rehabilitation of Concrete Pavement in Texas: Preliminary Guidelines and Case Studies by Stephen Sebesta, Tom Scullion, and Christopher Von Holdt, Texas Transportation Institute, Texas A&M University System, College Station, Texas 77843-3135 (Texas Department of Transportation, Research and Technology Implementation Office P.O. Box 5080, Austin, Texas 78763-5080; 979.845.1734; http://tti.tamu.edu) (Feb 2006)

	Highlights

· Rubblization is thought to reduce the stiffness of the PCC pavement to that of a flexible base and therefore a thicker overlay may be required.

· Two primary pieces of equipment are available for rubblization: resonant breaker method and the multi-head breaker.


Rubblization is a relatively new process in which special equipment reduces the concrete (in place) to fragments having the same textural and gradation characteristics as large aggregate flexible base. In structural design, rubblization is thought to reduce the stiffness of the PCC pavement to that of a flexible base and therefore a thicker overlay may be required. Rubblization is the most expensive of the three slab-fracturing techniques, but it is gaining popularity among many departments of transportation (DOTs) as it is judged the most effective at developing uniform pavement support and at minimizing reflection cracking.

Two primary pieces of equipment are available for rubblization. The resonant breaker method used by Resonant Machines, Inc. (RMI) employs a high-frequency, low-amplitude tamper to fracture the pavement. More details on the equipment are available at the company's website. The other common rubblizing equipment is the multi-head breaker (MHB) used by Antigo Construction. This equipment uses 12 drop hammers that impact the pavement to accomplish rubblization. More details of this equipment are available at Antigo's website.

The first nationwide performance comparison of the various methods of fracturing PCC slabs was conducted by Witczak and Rada in the early 1990s. The moduli for the break and seat and crack and seat techniques are substantially more variable than for rubblization. This variability may be associated with the problem of fracturing slabs containing reinforcing steel. In some of the earlier projects the steel may not be debonded from the concrete and it may still be acting as an intact slab.

The Strategic Highway Research Program (SHRP) Long Term Pavement Performance (LTPP) program also includes rubblization projects. In particular, performance and deflection results from rubblized sections constructed by the Oklahoma DOT in the early 1990s illustrate problems that can occur. The condition data and deflection analyses were performed on data collected from the LTPP database. The performance of these sections was not good. The average backcalculated moduli values for the rubblized PCC slab in the two sections (400607 and 400608) were 90 ksi and 225 ksi sections, substantially below the average value of 412 ksi reported by Witczak and Rada.

In section 400607, substantial alligator cracking was found in the section after 5 years in service. This was the section with the lower pee modulus. Both sections received substantial patching and maintenance in year 2001, 9 years after construction. The poor performance is attributed to the low base modulus resulting in a structurally inadequate section to carry the traffic loads. The cause of the low rubblized pee modulus was not identified in this evaluation.

Crack and seat has been widely used in West Texas but there has been little or no evaluation of the success or failure of this treatment. Most of the treatments have been reported to be working well; however, problems have been encountered when using this treatment on pavements with untreated subgrades. Crack and seat was the worst performing treatment on the US 59 experimental sections that were constructed just north of Corrigan in the Lufkin District.

Unresolved Issues in Rubblization

Although numerous states have some experience with rubblization, many unresolved issues remain. First, criteria and methodology for determining where rubblization is feasible are needed. From the review of literature, widespread experience shows that drainage and subs lab support are crucial. Some states have recommended criteria on the bearing capacity or modulus of the beneath-slab layers to aid in evaluating whether rubblization is feasible. However, criteria need to be developed for Texas conditions.

Second, the constructibility and performance from the two main competing means of rubblization need further clarification. Conflicting reports of which device produces the better product exist. Some states seem to prefer one technique over the other, and the manufacturers both point out areas where their equipment may have an advantage. For example, the RMI claims to provide more interlock and achieve a more uniform thickness of the rubblized layer, while the MHB equipment has lower contact stress and therefore may be able to rubblize a project with weaker sub grades, and the MHB rubblizes in one pass. Likely, there are project conditions that in some cases may dictate which machine should be used. 

Finally, more guidance on the structural design of rubblized pavements is needed. Colorado obtained recommended overlay thicknesses of 2 to 6 inches, depending on design method. Illinois is in the process of evaluating the appropriateness of their overlay thickness design procedure. Michigan reported widely varying backcalculated modulus values of rubblized layers, both within a single project and among different projects. The largest drawback is pointed out in the Federal Aviation Administration's (FAA's) documentation, "An evaluation of the rubblized material by a nondestructive testing procedure is the best approach; however this data cannot be made available up front in the design process." There is a need for advance knowledge of the rubblized layers' modulus value. As this project continues, the research team will seek ways to relate the prerubblization modulus to the value after rubblization.

Hot-Mix Asphalt Placement: Virginia's Move to a Two-Inch Drop-Off by David W. Mokarem, Virginia Transportation Research Council, 530 Edgemont Road, Charlottesville, VA 22903 (Virginia Department of Transportation, 1401 E. Broad Street, Richmond, VA 23219) (Jan 2006)

	Highlights

· By using a performance planing operation, rather than a mill and fill operation, VDOT could save $103,500 per year in traffic control costs and $522,000 per year in labor and equipment costs.

· It would also reduce risk for construction zones and delay for motorists.


In 2004, the Virginia Department of Transportation (VDOT) began examining the. effects of allowing a 2-inch drop-off, rather than the specified l.5-inch drop-off, between adjacent lanes. VDOT implemented a pilot program in its Northern Virginia District that gave paving contractors the option of not squaring up at the end of each shift on limited access roadways. This type of operation allowed the contractor to leave a milled section open to the traveling public and also to place an overlay in one lane, but not the adjacent lane. The maximum allowable drop-off of the pavement in these instances was 2 inches.

The purpose of this study was twofold. The first was to develop a functional performance specification for the milled surface exposed to traffic during paving operations on limited access roadways. This was done by measuring the milled surfaces on the roadways in the VDOT pilot program. The practices of other states regarding edge drop-offs were also investigated.

The second and more important purpose was to investigate specific factors affecting paving and milling operations: safety, quality, productivity, and efficiency. The safety issues addressed included the effects of drop-offs created by milling or a straight overlay, loose debris created by raveling and "scabbing," windshield damage and accidents, and lane closure exposure time of the milling and paving crews. The condition of the milled surface was investigated to determine quality. To determine productivity and efficiency, three operations were investigated and compared: performance planing, mill and fill, and straight overlays. These investigations were conducted on particular limited access roadways in VDOT's Northern Virginia, Fredericksburg, and Salem districts.

The sand patch test was adopted to calculate the mean texture depth of milled surfaces, and a maximum average mean texture depth of 2 millimeters was validated for milled surfaces exposed to traffic on limited access roadways.

The use of a 2-inch milling-depth, as well as the use of the micro-milling operation, helps reduce scabbing. A 2-inch drop-off also works well.

Performance planing increases paving production by 32% and milling production by 49% over those of mill and fill.

By using a performance planing operation, rather than a mill and fill operation, VDOT could save $103,500 per year in traffic control costs and $522,000 per year in labor and equipment costs. Further, the use of performance planing would reduce both the exposure time of paving and milling workers to lane closures and user delays.

Recommendations

1) VDOT should continue allowing a 2-inch drop-off on limited access roadways as allowed by the Special Provision for Planing Asphalt Concrete Pavement provided in Appendix A.

2) VDOT should continue to test milled surfaces exposed to traffic on limited access roadways in accordance with ASTM E 965 (the sand patch test).

3) In the event milling and paving are required on a limited access roadway, VDOT should 
encourage the use of performance planing operations, as opposed to conventional mill and fill operations, as much as possible.

4) In the event that Virginia allows a drop-off of greater than 2 inches on limited access roadways to be exposed to traffic, drop-off edge treatments should be considered.

Benefits and Costs Assessment

This study showed that performance planing operation can pave 0.70 lane mile per day as opposed to 0.53 lane mile per day for mill and fill operations. A review of the pavement schedules of limited access roadways from the past few years showed that Virginia paves approximately 150 lane miles of Interstate per year. If the average lane miles paved per day for each operation are applied to the 150 lane miles of interstate paved per year, it would take 214 paving days to complete the performance planing operation. Conversely, it would take 283 paving days to complete the mill and fill operation. Thus, the performance planing operation would be completed in 69 fewer paving days than would the mill and fill operation. A reasonable estimate of traffic control costs for these types of paving operations is $1,500 per day. Therefore, the cost savings from using a performance planing operation would be $103,500 per year (traffic control only).

Cost savings can also be realized for labor and equipment. From talks with VDOT personnel and industry representatives, the estimated average cost for labor and equipment for interstate paving is approximately $8,000 per shift. These shifts constitute 1 paving day. If the 150 lane miles of interstate paving can be completed in 69 fewer paving days, the cost of labor and equipment could be reduced by $552,000 per year. Therefore, by using the performance planing operations on interstate paving operations, VDOT has the potential to save about $652,500 per year on the costs associated with traffic control, labor, and equipment on interstate paving operations.

Through the use of a performance planing operation as opposed to a mill and fill operation, a project would be completed sooner and the exposure time of paving and milling workers to lane closures would be reduced. In the same manner, the use of a performance planing operation would help reduce user delays.

Pavement Management System Based on Financial Consequence by Sohila Bemanian, Patty Polish, and Gayle Maurer in Transportation Research Record 1940 (Transportation Research Board, 500 Fifth Street, NW, Washington, DC 20001; (202) 334-3213; http://gulliver.trb.org/bookstore) (2005)

	Highlights

· This report illustrates how NDOT uses a financial consequence based system that has improved pavement condition and reduced the amount of money spent for pavement rehabilitation.


The Nevada Department of Transportation (NDOT) is faced with the challenge of preserving its existing 13,000 lane-mile roadway system while meeting the demands of extraordinary population growth. The increased need for financing capacity improvement projects has prevented any increase in the annual budget for the pavement preservation program. As a result, NDOT needed to make the most effective use of its funding sources by changing the way it does business. Resources are now spent on the basis of a proactive process involving financial consequences, rather than a reactive method of pavement rehabilitation based on pavement condition. In 4 years, this process has resulted in a 50% reduction in project backlog without spending more money on pavement preservation. There has also been a cost saving of $42 million per year for the agency.

Because of NDOT's shift to prioritizing projects on the basis of financial consequences rather than pavement condition, the highest percentage of NDOT's roadway system is in the "very smooth" category, according to FHWA functional system data for measurement of pavement roughness for 1999 and 2001. This NDOT milestone occurred with an additional benefit of spending 20% to 30% less (adjusted for inflation) for pavement preservation than was spent in the early 1990s. The total percentage of NDOT's reported roadway system in the smooth and very smooth categories for 2001 is 92% per FHWA's report data for pavement roughness.

This report illustrates how NDOT uses a financial consequence based system that has improved pavement condition and reduced the amount of money spent for pavement rehabilitation. These successful results can serve as an example for other agencies struggling with the challenges of meeting increasing demands with limited resources. NDOT has developed an eight-step procedure to help other agencies improve roadway systems while spending less money. An accurate contract database, roadway system division, proper rehabilitation strategy selection, and correctly applied maintenance treatments are a few of the requirements for achieving system improvements. The effort required to successfully implement a financial consequence based pavement management system is time well spent-millions of dollars in cost saving can be realized, along with the satisfaction of conserving taxpayer resources.

The difference in cost for the rehabilitation of a l0-mi section of Interstate versus a 10-mi section of a lower-volume road is substantial. The rehabilitation cost for a l0-mi section of Interstate will cost $4 million at the optimum time for treatment versus $10 million at the failure point (2 to 3 years between optimum and failure points) for a cost difference of $6 million. The rehabilitation cost for a 10-mi section on a lower-volume road is $1.3 million at the optimum time and $2.5 million at the failure point (4 to 6 years between optimum and failure points) for a cost difference of $1.2 million. Therefore, the Interstate project has the highest financial consequence if work is not performed earlier rather than later. Moreover, the Interstate will receive the highest priority for project prioritization. Table 1 illustrates the considered optimum and failure rehabilitation strategies for NDOT's Prioritization Categories 1 and 4 used in this example. All costs are compared in present-worth dollars.

An advantage of this financial consequence-based pavement management system over other conventional network optimization systems is that the process is easy to describe to administration. Decision makers can readily comprehend the benefit and consequence of implementing or postponing rehabilitation effort on crucial projects. Administrators can confidently report to the legislature, transportation board, and road users about the foreseeable effect of requests, purpose for funding requirements, and status of the roadway system.

Decision makers can communicate the advantages of this pavement preservation program to others in an understandable manner without needing a great deal of technical input from the engineers.

TABLE 1: NDOT Rehabilitation Strategies

	Priority Category
	Optimum Strategy
	Optimum Strategy Cost
	Failure Strategy
	Failure Strategy Cost

	1
	1-in. cold mill: 2-in. plant-mix bituminous surface with open-graded wearing course
	$400,000
	8-in. full depth reclamation; 6-in. plant-mix bituminous surface with open-graded wearing course
	$1,000,000

	2
	2-in. cold mill: 2-in. plant-mix bituminous surface with open-graded wearing course
	$400,000
	4-in. cold mill; 4-in. plant-mix bituminous surface with open-graded wearing course
	$600,000

	3
	2-in. plant-mix bituminous surface with open-graded wearing course
	$130,000
	8-in. full depth reclamation: 4-in. plant-mix bituminous surface with open-graded wearing course
	$270,000

	4
	2-in. plant-mix bituminous surface with open-graded wearing course
	$125,000
	8-in. full depth reclamation; 3.5-in. plant-mix bituminous surface with open-graded wearing course
	$250,000


Analysis of the Impact Performance of Concrete Median Barrier Placed on or Adjacent to Slopes by Nauman M. Sheikh and Roger P. Bligh, Texas Transportation Institute, Texas A&M University System, College Station, Texas 77843-3135 (Texas Department of Transportation, Research and Technology Implementation Office P.O. Box 5080, Austin, Texas 78763-5080; 979.845.1734; http://tti.tamu.edu) (May 2006)

	Highlights

· Barrier performance anywhere along a 6H:1V cross slope should be acceptable.

· Barriers placed on or above a cross slope that is less than or equal to 6H:1V have a reasonable probability of remaining crashworthy.


The objective of this research was to determine critical slopes where concrete median barriers can be placed on or adjacent to the slopes and still maintain their crashworthiness. TxDOT indicated a desirable median cross slope value of 6H:1V.

The research team conducted analyses using full-scale finite element simulations of vehicular impacts into F-shaped concrete barriers placed on selected median configurations with 6H:1V cross slopes. Consideration was given to vehicles traversing a median foreslope prior to striking a barrier placed in the center of a depressed median and impacts occurring on the back side of a barrier after a vehicle encroaches across a median with a V-ditch cross section.

Finite element simulations evaluated the impact performance of an F-shape concrete safety barrier installed on or above a 6H:1V median cross slope. Simulations were performed for various barrier placement locations on three different median configurations. When the barrier location on a given median configuration was variable and not defined by geometry or practice, critical barrier placement locations were determined by examining the trajectory of a vehicle encroaching across the selected median geometry.

The first configuration evaluated involved placement of a concrete median barrier in the center of a symmetric depressed median with 6H:1V cross-slope. Given the impact performance of the barrier was found to be acceptable at the critical barrier placement locations, it can be concluded that barrier performance anywhere along a 6H:1V cross slope should be acceptable. Thus, the simulation results are applicable for any width of depressed median conforming to the generalized layout that was analyzed. Further, similar or better performance would be expected for similar barrier placements on median with slopes less than 6H:1V.

The second and third configurations investigated placement of a concrete median barrier on or just inside of the inside shoulder of the highway, respectively. The simulations examined the scenario of a vehicle impacting the back side of the concrete barrier after traversing the median ditch and climbing the backslope.

Placing the barrier on the inside of an existing shoulder is less expensive because it eliminates the need for constructing a foundation pad and either regarding the median back slope or modifying drainage at the bottom of the ditch. However, the proximity of the barrier to vehicles in adjacent travel lanes will likely result in an increased frequency of barrier impacts than if the barrier were offset in the middle of the median, and the reduction in available shoulder width may have an adverse effect other aspects of highway safety.

Placing the barrier inside the inside edge of the shoulder requires construction of a 2-ft wide pad for placement of the barrier created by regrading the median back slope. This approach maintains the full width of the existing shoulder and the associated safety benefits provided by the presence of the shoulder. The regrading increases the back slope of the median and makes the V-ditch unsymmetrical.

For all of the above simulation cases, the vehicle was successfully contained and redirected. Within the accuracy of the current finite element model pickup truck model, and noting that the suspension system has not been thoroughly validated, the simulation results appear to indicate that median barriers placed on or above a cross slope that is less than or equal to 6H:1V have a reasonable probability of remaining crashworthy under design impact conditions. However, given the limitations and limited validation of existing vehicle models for median encroachments of this nature, caution should be used when considering any application of the results reported herein. A definitive evaluation of impact performance and verification of the simulation results can only be accomplished through full-scale crash testing.

Animal-Vehicle Collisions and Habitat Connectivity along Montana Highway 83 in the Seeley-Swan Valley, Montana: a Reconnaissance by Marcel P. Huijser, Kari E. Gunson & Carla Abrams, Western Transportation Institute, College of Engineering, Montana State University, PO Box 174250, Bozeman, MT 59717-4250 (Montana Department of Transportation, 2701 Prospect Avenue, PO Box 201001, Helena MT 59620-1001) (Feb 2006)

	Highlights

· Changes in land use and management and supplementary feeding of wild animals may have player a key role in the increase in animal-vehicle crashes.

· Spatial modeling of important habitat and habitat linkage zones may be advisable.


Montana Highway 83 (MT 83) in northwestern Montana, USA, is known for its great number of animal-vehicle collisions, mostly with white-tailed deer. The number of recorded wildlife-vehicle collisions is 2.8 times that of the state average for this road type. In addition, 26.1 % of all road accidents on MT 83 involve wildlife while the state average is 17.2% for this road type.

Analyses of road-kill datasets from MDT showed that 94.5% of all reported road-killed animals along MT 83 are white-tailed deer. The MDT datasets and a dataset on animal-vehicle collisions from the Montana Highway Patrol (MHP) showed that animal-vehicle collisions, especially with white-tailed deer, occur along almost the entire length of the transportation corridor. This was confirmed by individuals with local knowledge and experience. The MHP dataset suggested that the number of animal-vehicle collisions along MT 83 may have increased between 1993 and 2000 and then stabilized at a similar or slightly lower level. Despite differences between the data sets and their limitations, the MDT and MHP data sets all qualified as "monitoring data" with consistent search and reporting effort for individual road sections rather than "incidental observations."

Certain sections of MT 83 have a higher frequency of white-tailed deer or deer collisions than other sections. Based on the MDT dataset, the team identified 27 road sections on MT 83 with a relatively high frequency of white-tailed deer- or deer-vehicle collisions. Of these 27 road sections 17 had at least partial overlap with high frequency collision road sections identified based on the MHP dataset. Mitigation measures aimed at avoiding or reducing animal-vehicle collisions should prioritize these road sections above others.

A wide range of road-, traffic-, and landscape variables in low and high frequency white-tailed deer collision zones on MT 83 were recorded to investigate whether they may be associated with white-tailed deer-vehicle collisions. High frequency white-tailed deer collision zones were associated with edge habitat, riparian habitat, shrubland, buildings, and relatively high landscape heterogeneity and landscape diversity in a 100 m wide zone on either side of the road. The high frequency collision zones were also associated with edge habitat in a zone adjacent to the road that extended up to 500 and 1000 m on either side of the road. These results may further help identify and prioritize locations along MT 83 that require mitigation for white-tailed deer-vehicle collisions. The findings may also lead to a discussion on the current and future habitat types, land use, and land management in a zone adjacent to MT 83 and how this may ensure the long term effectiveness of potential mitigation measures.

Comparison of the animal-vehicle collision data reported by MDT with expert based identification of high-frequency collision areas suggested that large ungulates other than deer, e.g. elk and relatively rare carnivores, e.g. grizzly bears, black bears, mountain lions, Canada lynx, are underrepresented in animal-vehicle collision data collected by MDT and law enforcement agencies (MHP). Carcasses of relatively small species, e.g. amphibians, turtles, pine marten, fisher, golden eagle, and bald eagle, are not recorded by MDT. While most of the smaller species are mostly a conservation concern, the larger species, especially the relatively abundant elk, are also a safety concern.

Individuals with local knowledge and expertise identified certain sections of MT 83 as having a higher frequency of animal crossings than other sections. These areas were marked on 1:24,000 topographical maps. Mitigation measures aimed at reducing the barrier effect of the road for selected species and reducing potential future animal-vehicle collisions should prioritize these road sections above others. However, additional information may be needed to verify that those locations are indeed high frequency crossing and/or collision areas for the species identified.

Changes in land use and management and supplementary feeding of wild animals including deer are thought to have led to a concentration of deer or a higher deer population size along MT 83. In addition, at least part of the white-tailed deer population is thought to have abandoned seasonal migration. The increase in the number of deer present along the transportation corridor and the year-round exposure to traffic is likely to have contributed to an increase in deer-vehicle collisions, especially between 1993 and 1996. Changes in land use and management and supplementary feeding of wild animals are also thought to have led to changes in animal distribution and animal movement patterns (daily, seasonal and dispersal). Therefore road sections with a relatively high frequency of animal-vehicle collisions and animal crossings may reflect where animals were killed and used to cross MT 83 rather than where they do so now.

For certain species the available local knowledge may be too limited to reliably identify high frequency collision or crossing zones. If the reduction of animal-vehicle collisions and the improvement of habitat connectivity across MT 83 are considered very important to the long term survival of such a species, spatial modeling of important habitat and habitat linkage zones may be advisable. Field studies on the particular movements and habits of these species in relation to the transportation corridor and landscape features in the Seeley-Swan Valley may also provide valuable information to help guide recommendations. However, it may take many years to answer certain questions through field studies, and the population survival probability of certain species may have dropped below a critical threshold already by the time those data may become available.

Comparisons of Crashes on Rural Two-Lane and Four-Lane Highways in Texas by Kay Fitzpatrick, William H. Schneider IV, and Eun Sug Park, Texas Transportation Institute, Texas A&M University System, College Station, Texas 77843-3135 (Texas Department of Transportation, Research and Technology Implementation Office P.O. Box 5080, Austin, Texas 78763-5080; 979.845.1734; http://tti.tamu.edu) (Sep 2005)

	Highlights

· Crash reductions for conversion from a typical two-lane roadway to a four-lane divided section ranged from 40 to 60%.

· Elements with the greatest reduction in crashes include left-turn lanes, lighting, and wider right shoulders/right-turn lanes.


To compare the safety relationships for cross-sectional elements on rural two- and four-lane roadways, a dataset containing a range of lane widths and shoulder widths is needed. The dataset of rural highway roadway segments developed for this project included the following: (1) two- and four-lane segments, (2) range of shoulder widths (between 0 and> 12 ft), (3) range of lane widths (between 9 and> 12 ft), and (4) a sample of median types and widths. The dataset for intersections included the above information and a number of other variables such as skew of the intersection, number of legs, and presence of turn lanes.

The impact of changes in lane width and shoulder width on crashes can be seen in the ratios of number of crashes for a given width to the number of crashes on a roadway with a selected width. For example, the ratio of crashes on a roadway with no shoulders compared to a roadway with an 8-ft shoulder shows that the no-shoulder segment has 51% more crashes. This example assumes that all other conditions for the two roadways are similar, such as lane width and roadside conditions. 

Previous research has clearly shown that a full-scale upgrade from a rural two-lane highway to a divided four-lane facility can result in notable crash reduction. Predicted crash reductions for conversion from a typical two-lane roadway to a four-lane divided section ranged from 40 to 60%. The reduction due to conversion from a two-lane roadway to a four-lane undivided configuration is much less well defined, ranging from no effect to perhaps a 20% reduction.

A low-cost method to increase capacity on rural highways is to stripe a formerly two-lane with wide shoulder highway into a four-lane with minimal shoulders. These decisions have generally been made based on capacity criteria. Previous research has indicated that at certain ADT levels, the four-lane highway may operate with fewer crashes than the two-lane cross section. Previous research also examined the change in number of crashes from a 2-year before period to a 2-year after period at locations where the change was made from a two-lane cross section to a four-lane cross section. The before-and-after study did find a reduction in crashes; therefore, there could be locations where it is logical to consider a change in the number of lanes within the available surface width.

This analysis used crash data from 1999 to 2001 to examine the safety performance on highways with a surface width of 44 to 54 ft with either two lanes and wide shoulders or four lanes with minimal shoulders. Crashes associated with the surface width rather than intersections should be affected by the change in number of lanes or availability of wider shoulder widths. 

Additional analyses were also conducted to determine if the results would change if total crashes were examined (i.e., include intersection crashes) or if only the more severe crashes were examined (i.e., to account for differences in reporting practices for PDO crashes). A graph was developed to show the surface width (in l-ft increments) where the predicted number of crashes on a two-lane highway essentially equals the predicted number of crashes on a four-lane highway. In summary, conversion would be considered only at very high ADTs (e.g., 10,000 and greater) and wide surface widths (53 ft and more) based on safety. A scenario where the conversion may be considered is when a roadway section with high ADT and a wide surface width (e.g., 53 ft or more) is experiencing crashes (e.g., passing-related crashes) that would be addressed by the addition of another through lane. Evaluation of the section should include consideration of turning vehicles. For example, would reallocating the surface width to include left-turn bays be a better solution?

Previous research has clearly demonstrated the importance of cross-road ADT in predicting crashes at intersections. Evaluations were conducted using both the entire intersection dataset (3109 intersections on two-lane highways and 630 intersections on four-lane highways) and the 265 intersections where cross-road ADTs were available.

For all scenarios, major road ADT was statistically significant. Cross-road ADT was also significant when available. Other variables were significant in different situations and should be considered as appropriate when making safety decisions regarding an intersection. For example, the right shoulder width and the presence of left-turn lane were significant in certain conditions. Previous research projects have also demonstrated the value of left- and right-turn lanes and wider outside shoulders, along with the value of lighting.

Conclusions

Lane width and shoulder width have a significant impact on safety of rural two-lane highways. Prediction models generated the percent change in crashes between different shoulder or lane width decisions.

Lane width and shoulder width also have a significant impact on safety of rural four-lane highways. Prediction models generated the percent change in crashes between different shoulder or lane width decisions.

With consideration for safety, conversion from a two-lane with wide shoulder cross section to a four-lane with narrow shoulder cross section should be considered only at very high ADTs and wide surface widths.

Several variables were found through the literature and through this research that affect crash prediction at rural intersections. Those elements that can be influenced by designers with the greatest benefits in affecting crashes include left-turn lanes, lighting, and wider right shoulders/right-turn lanes. Variables with the greatest influence on crashes are subject road ADT and the cross-road ADT.

Estimating the Safety and Operational Impact of Raised Medians and Driveway Density by William L. Eisele and William E. Frawley in Transportation Research Record 1931 (Transportation Research Board, 500 Fifth Street, NW, Washington, DC 20001; (202) 334-3213; http://gulliver.trb.org/bookstore) (2005)

	Highlights

· Raised medians slow traffic.

· Raised medians reduce crashes.


In recent years, there has been increased interest in access management principles and techniques. This paper highlighted the findings of a recent research effort to estimate the safety and operational impacts of access management. 

VISSIM Useful Input & Output Characteristics

VISSIM is a sophisticated program with a steep learning curve for a new user, primarily due to numerous sophisticated input and output capabilities. VISSIM allows the user to change model inputs and to input the necessary available field data, which are both important aspects of the program. Users can adjust design elements such as driveway spacing, number of lanes, speed limits, and right turn on red. VISSIM also allows the user to input signal timing and phases after they are optimized in a separate program, such as SYNCHRO. The most time-consuming portion of the process was entering all the data and ensuring the corridor was calibrated to field conditions.

For this study, travel time, speed, and delay were analyzed in the case studies and the theoretical corridors. For this project, the research team simulated the peak hour. This research found that VISSIM was useful for studying the effects of access management. 

Case-Specific Case Study Travel Time Results

The analysis results for the three case study corridors revealed small differences in travel time and delay between the existing (TWLTL) and proposed (raised median) conditions. The proposed future conditions (an approximate 20% increase in traffic) resulted in a small percentage increase in the overall travel time and delay. The percentage difference in travel time, speed, and delay varied for each corridor. 

The reduction in travel time on Texas A venue from the future TWL TL to the future raised median treatment might be attributed to a prohibition of U-turns at a high-volume signalized intersection. This forces vehicles to make U-turns at locations farther along the corridor, at uncongested locations. In effect, this takes less time than waiting for turning traffic in the more congested portions of the corridor. This also allows for more through-movement green time, which can be reduced on corridors with high left-turn and U-turn movements.

The increased travel times from the future TWLTL to the future installation of raised medians were likely caused by overall increases in traffic on the corridor, as some U-turning vehicles must travel farther to reach their destination. Increased travel time is also caused by U-turning vehicles that must weave across lanes to reach turn bays, which can cause traffic queues. The U-turning vehicles also add traffic on the roadways in the opposite direction of their origin. The additional vehicle miles of travel likely causes travel time and delay to increase. Delay may also increase slightly at the signalized intersections. It is hypothesized that increasing the number of median opening locations could have further decreased the travel time along the raised median alternatives.

Slightly Lower Speed with Raised Median

The theoretical corridor results also indicate small increases in the future travel time with the raised median treatment compared to the TWLTL conditions. The reasons given for increases in travel time for the case studies are also hypothesized for the theoretical corridors. Although the percent differences are large in some scenarios, the actual speed reduction averaged 3 mph. These small increases in travel time, and subsequent delay, appear to be outweighed by the reduction in the number of conflict points and increased safety.

Safety Impacts Assessed

The total number of crashes and types of crashes will always provide insightful and fundamental information about the safety of a corridor. However, it was found that crash data accuracy, availability, and usefulness vary greatly among agencies. For instance, it can be quite difficult, if not impossible, to obtain crash data that are more than 10 years old.

Detailed crash analysis on 11 test corridors indicated that as access point density increases, there is an increase in crash rates. This trend is irrespective of the median type, although the research team found that the relationship is steeper (increases slightly more) on roadways without raised medians. For test corridors on which crash data were investigated before and after the raised median installation, a reduction in the crash rate was always found. Note that the widening of the roadway and other roadway improvements typical when a raised median is installed can also improve the safety of the roadway. However, crash rates are normalized by the increased traffic and appear to indicate that the roadway is improved with raised medians, and associated geometric changes, which reduce the number of conflict points.

	Crash Rate Comparison of Corridors Before and After Installation of Raised Median

	
	
	
	Crash Rate
	Access points/mi.

	Corridor(s)
	ADT1
	Before median type
	Before condition
	After raised median
	Absolute difference
	%

Difference
	

	College Station (Texas Avenue)
	41,000
	TWLTL
	4.3
	1.8
	-2.5
	-58
	54

	Longview (Loop 281)
	23,500
	TWLTL
	5.2
	4.3
	-0.9
	-17
	53

	Tulsa (west) (71st Street)
	30,500
	Undivided
	3.8
	2.5
	-1.3
	-34
	27

	Tulsa (west-central) (71st Street)
	29,500
	Undivided
	3.8
	1.8
	-2.0
	-53
	20

	Odessa (US-385)
	10,600
	Undivided
	19.6
	15.4
	-4.2
	-21
	50

	All Remaining2
	30,600
	Varies
	7.0
	4.8
	-2.2
	-31
	49


1ADT is the traffic volume in the after installation condition that has the raised median present.

2This is a comparison of the average crash rate for all the corridors before and after the raised median was installed.

Potential Crash Involvement of Young Novice Drivers with Previous Crash and Citation Records by Susantha Chandraratna, Nikiforos Stamatiadis, and Arnold Stromberg in Transportation Research Record 1937 (Transportation Research Board, 500 Fifth Street, NW, Washington, DC 20001; (202) 334-3213; http://gulliver.trb.org/bookstore) (2005)

	Highlights

· Number of previous crash involvements, accumulated speeding citations, age, and gender are strong predictors of a driver's crash risk.

· License control actions by far are the most effective countermeasures and license suspension should be triggered as soon as is legally feasible.


The importance of improving the knowledge regarding factors that increase the risk for vehicle crashes is undisputed if the crash facts are closely observed. Reviewing past studies, one can hypothesize that some drivers have a higher likelihood of being involved in crashes than can be expected by chance, so they can be considered high-risk drivers. However, the degrees of precision of the available risk models to identify them are still not high, although a substantial effort has been made to improve them. This lack of precision may be because these studies were based on the complete driver population with different groups with different characteristics. Therefore, the subjects for the current study were limited to Kentucky young novice drivers with 2-year driving experience. As expected, a considerable improvement was observed in the model's performance. The model could be used to identify as many as 35.92% of the crash-prone drivers from the subject driver group during the subsequent 2-year period.

Although the methodology presented here can be considered an extension of previous studies, it should be noted that all the conclusions here were based on results obtained by using the holdout data set, which was not used in developing the model. This result suggests that the methodology used here can be used to identify future high-risk drivers with higher confidence. However, for more accuracy, this model should be tested with future Kentucky data to establish its ability to predict future crash-involved drivers.

The model presented here shows that total number of previous crash involvements (both at-fault and not-at-fault), accumulated speeding citations, age, and gender are strong predictors of a driver's crash risk. However, non-speeding citations and whether a driver received a corrective action (traffic school or license suspension) were hot significant for this model. As previously noted, this result may be due mainly to the lack of separating the corrective actions. Additional work is likely needed to further refine the variables used to determine their specific potential contribution to the prediction of crash risk. However, further refinement has the potential to increase the number of independent variables in the model and may make it more complicated. Considering model efficiency, it is of general interest to enhance the ability of the model presented here to estimate the probability of young novice drivers being involved in crashes. Other than further desegregation of conviction groups, some form of data transformation before the model development would be an interesting subject for any future research. In this study, all the data were used as they were counted from the databases. However, it is well known that sometimes transformation of data values such as the total number of speeding convictions by means of some mathematical function, for example, square root of the original value, may yield data sets that may have better statistical properties than those of the original data.

The subjects considered here cannot be considered mature drivers. Models such as these may be a useful tool in identifying risky drivers from the driver group in question and thus allow authorities to take actions aimed at improving overall traffic safety. The models can also be used for driver control programs aimed at preventing road crashes. These programs may vary from the simple form of issuing warning letters to a license suspension or revocation. License control actions by far are the most effective countermeasures and that license suspension should be triggered as soon as is legally feasible. Since 1987 the California program has involved a four-level approach based on points accumulated by using (a) a soft advisory letter (Level l), (b) a hard-threat warning letter (Level 2), (c) short license suspension plus license probation (Level 3), and (d) probation violator license revocation (Level 4). In between Levels 1 and 4, other methods such as educational brochures, group educational meetings, diagnostic reexaminations, individual counseling, and administrative hearings have been recommended as alternatives aimed at improving traffic safety. The current study shows that it is not possible to identify risky drivers perfectly from the driver population. For example, 5,601 drivers were predicted as risky but only 35.92% of them were actually involved in crashes during the subsequent period. Thus, warning letters are the best solution for these risky drivers because of the low cost and large-volume feasibility and because they would minimize penalizing innocent drivers. However, it was observed that 247 (49.4%) of 500 drivers in the population with the highest chance to be involved in a crash were actually involved in crashes during the subsequent period. Thus, the best solution for them is license suspension.

In summary, it can be concluded that the model discussed here estimates with acceptable accuracy the probability of a young novice driver being involved in a future crash. Nevertheless, additional work may be needed to further enhance the ability to identify risky drivers and determine more accurately the most appropriate predictors for this task.

Evaluation of Capping Systems for High-Strength Concrete Cylinders, by John Eggers & Sadi Torres (Louisiana Transportation Research Center 4101 Gourrier Avenue, Baton Rouge, Louisiana 70808; 225.767.9131) (March 2006)

	Highlights

· Six capping systems were evaluated at five strength levels.

· There is no significant statistical differences of one capping system over another to test compressive strength.


To produce accurate compressive strength test results, the condition of concrete cylinders must meet certain specifications. These specifications deal, primarily, with the end conditions of the cylinders and include requirements for perpendicularity of the ends with respect to the cylinder axis and flatness of the end surface. The test specimens prepared under field conditions likely do not meet these requirements, so some kind of end preparation becomes necessary. Various methods are available to prepare the end surfaces of the test cylinders; they range from grinding the ends to applying bonded caps such as neat cement paste and sulfur based compounds, and more recently unbonded pads such as neoprene pads confined by a rigid steel or aluminum ring.

The need for test cylinders to meet these requirements becomes more critical for high-strength concrete (HSC). HSC usage has increased over the last 20 years. Many benefits are associated with the use of HSC, including its ability to reduce member cross sections such as slender columns and beams, thinner floor slabs, and reduced weight. Also, contractors might be able to strip formwork earlier, thus reducing the project duration.

The production of HSC requires more care in proportioning, mixing, placing, and testing than normal strength concrete. Although HSC is very sensitive to testing errors, there is no special testing standard for testing this material. Concrete producers are concerned that the testing laboratories are not capable of properly testing high-strength concrete. To overcome this concern, the producers tend to over-design their mixtures to compensate for testing errors. This practice increases the concrete price and it is an inefficient use of materials.

There are alternatives to treat the ends of the cylinders to ensure that the load is applied uniformly when testing. One option is to grind the specimen's ends with a lapidary machine or a grinding machine, a second option is to cap the ends, and a third alternative is to use unbonded neoprene pads, which are reusable for a limited amount of tests.

Grinding the ends of the cylinder specimens with a lapidary machine is probably the preferred method of testing concrete for compressive strength. All other methods are usually compared to ground ends for verification purposes. There is no other material between the platen heads of the testing machine and the cylinder ends when a specimen is tested using this method. Another important factor is that this method is not restricted by maximum compressive strengths, as is the case with other methods. Preparing the ends of the specimen with lapidary equipment provides the perpendicularity and planeness requirements for testing, but it is time-consuming and expensive.

The ends of the specimen can also be prepared with a grinding machine that is less time-consuming than a lapidary machine but provides the perpendicularity and planeness requirements. This type of equipment can produce acceptable ends for testing in a few minutes. However, the initial cost associated with obtaining this type of equipment is a factor.

Using bonded caps on the cylinder's ends is traditionally the most common practice. This method provides a way to correct surface and perpendicularity imperfections on the test cylinders. Either high-strength gypsum plaster or sulfur mortar can be used, with the latter being the most common. The sulfur compound is melted and applied to the ends of the cylinders to fill in any imperfections and level out the surface. A drawback to this system is that a period of time is required before the cylinders can be tested. 

Another common practice is to use unbonded pads. These are neoprene pads that are encased by a steel retainer ring at the ends of the concrete cylinder. The pads can be used on one end or both ends instead of caps. The main advantage of this system is that it takes less time to set up than capping compound. In addition, the pads are reusable depending on their condition after each test. The cylinders still need to meet perpendicularity requirements but the unbonded pads are allowed to be on ends with imperfections of up to 0.20 in. ASTM C 1231 limits the use of unbonded pads to cylinders with compressive strengths up to 12,000 psi. The standard requires qualification tests for cylinders with compressive strengths between 7,000 and 12,000 psi. Qualification tests for compressive strengths above 12,000 psi are not permitted with this type of system.

Conclusions

Six capping systems were evaluated at five strength levels that ranged from 6,000 to 14,000 psi. The findings of this study will help testing laboratories determine which system will provide consistent results for compressive strength of high-strength concrete. The conclusions of this investigation are as follows:

· The variability of compressive strength between capping systems tends to increase as the strength level increases. 

· The ground ends have the highest variability of the systems investigated. . 

· The ground ends seem to have a much higher variance compared to the unbonded pads at higher strength levels. 

· The unbonded pads have the lowest variability of the systems investigated. . 

· The ground ends produced lower strength results for all strength levels above 6,000 psi.

· The ground ends produced significantly different lower strengths at the 8,000 psi and 12,000 psi levels.

· Unbonded pads produced compressive strengths that were either higher than all other systems or not different from compressive strengths produced by the bonded caps.

· Thinner capping caps did not seem to produce higher compressive strengths than the thick capping caps.

· There is no significant statistical differences or advantages of one capping system over another to test compressive strength of high-strength concrete. 

Transportation Technology Transfer: Successes, Challenges, and Needs, NCHRP Synthesis 355 by Barbara T. Harder, B.T. Harder, Inc. Philadelphia, Pennsylvania & Robert Benke, Community Resource Partnerships, Inc. Brooklyn Park, Minnesota (Transportation Research Board, 500 Fifth Street, NW, Washington, DC 20001; (202) 334-3213; http://gulliver.trb.org/bookstore) (2005)

	Highlights

· State DOTs commit approximately 6.5% of total agency funds to research and research-related activities on technology transfer and implementation activities.

· DOTs with agency-wide coordinators of technology transfer or implementation of research results had a larger investment in technology transfer activities.

· In contrast with the private sector, the public sector is not availing itself of the research & foundational methodologies about technology diffusion & technology transfer.


Close to half of the state DOT respondents and nearly 40% of the Local Technical Assistance Program and Tribal Technical Assistance Program (LTAP/TTAP) survey respondents have 5 or fewer years experience in technology transfer.

More than half of the research units in state DOTs share the responsibility of technology transfer with other units in the agency, one-quarter of the research units are solely responsible, and two respondents reported that no unit in their department was specifically assigned responsibility for technology transfer.

State DOTs reported that on average they commit approximately 6.5% of total agency funds to research and research-related activities on technology transfer and implementation activities. This figure includes all types of funding; state, State Planning & Research (SP&R), other federal, and any other funding received for research and research-related activities. (Note that without California's substantial commitment to technology transfer using agency and other funds in addition to Research Part II, SP&R moneys, the average total for respondents would decrease to 5.3%.)

Of the 38 state DOTs providing information in the synthesis survey, their best estimate was that on the average they spend approximately 9.3% of their Research Part II, SP&R federal-aid funds on technology transfer and implementation activities. This figure is a component part of the previous bullet point's total expenditure figure.

Survey responses from the LTAP/TTAP centers reported that they have been operating for an average of nearly 20 years, with California DOT and Indiana DOT centers having conducted organized technology transfer activities for 50 and 40 years, respectively.

Responding LTAP/TTAP centers have annual budgets totaling, on average, $375,000, and including California, $495,000. Nearly all of the centers reported receiving federal-aid funds (one center reported state-only funds). Two TTAP centers received Bureau of Indian Affairs and tribal government funds as well. Approximately 35% of the centers reported receiving university funds and 41% receive funds from local governments. Only 5% of the centers reported receiving funding from the private sector.

Both state DOTs and LTAP/TTAP centers showed substantially larger technology transfer program investments for respondents having 15 or more years of experience. For state DOTs, the investment amount was more than three times that of respondents having 6 to 14 years experience and more than double the investments being made by those with experience of 5 years or less. LTAP/TTAP center technology transfer investments for the respondents with the most experience were nearly twice that of the respondents' programs with 6 to 14 years experience and greater than twice the investments of programs for those having experience of 5 years or less.

Four of every five agencies having a group or person in an agency-wide coordinating role reported that more funding was necessary for technology transfer, whereas those state DOTs without such a coordinating function were somewhat equally divided in their assessment of whether or not they needed more funding.

Organizations with a coordinating function tended to recognize the positive influence of senior management support more than did the state DOTs without such a person or group filling the coordinating role. State DOTs with technology transfer coordination also indicated a greater openness to including innovations into projects and were more accepting of management assistance when compared with their peers without a person or organization in the coordination role.

Having a role assigned in the DOT for agency-wide coordination of technology transfer or implementation of research results showed a strong relationship to larger investment in technology transfer activities. For programs with a person or group assigned to coordinate the technology transfer activities the investment in technology transfer was 10 times that of agencies that had no such coordination.

States routinely use a broad array of communications vehicles and methods to convey the message of the innovation and their abilities to assist in technology transfer.

The private sector consistently has organizations whose primary role it is to make the successful connection between the innovation generator and the innovation user. These may be venture capital firms, business development consortia, or other similar facilitator organizations. The public transportation sector does not have such roles clearly defined and in routine practice, with the exception of the transfer agents within the LTAP/TTAP centers.

The private and public (other than transportation) sectors strongly endorse a well-supported national library system for information accessibility and availability, which is essential to technology transfer. Currently, transportation has no comprehensive coordinated system of libraries or a national library providing full information services, including capabilities for archiving and preservation.

In contrast with the private sector, the public sector may not be availing itself sufficiently of the research and foundational methodologies about technology diffusion and technology transfer developed in other scientific disciplines, such as social and behavioral sciences.

Using Automobiles to Reduce Traffic Congestion presentation at the 2006 Preserving the American Dream Atlanta Conference by Robert W. Behnke (CENTTS, Inc., 11895 SW Burnett Lane, Beaverton OR 97008; 503-754-6013; rbehnke@hevanet.com) (September 16, 2006)

	Highlights

· Traffic congestion now costs the U.S. on the order of $100 billion per year.

· Municipal Wi-Fi / Wi-Max networks can be used to provide Smart Jitney dispatching.

· Smart Jitneys are privately-owned cars, vans, SUVs and pickup trucks that are computer-dispatched to pick up and deliver passengers.

· Market research studies indicate that 40% of those who now drive private vehicles to work would switch to Smart Jitney/Smart Community-enhanced transit services if they were available.


Traffic congestion now costs the U.S. on the order of $100 billion per year in wasted time, wasted fuel and higher inventories; and, these costs are growing much faster than our population. We all pay for traffic congestion in higher prices for goods and services and in a lower quality of life. The U.S. Department of Transportation (USDOT) is now looking to establish public-private “partnerships” to promote more widespread deployment of new technologies that can reduce traffic congestion and other community and regional problems in a cost-effective manner.  

Multi-purpose wireless data networks are being used to provide free or very low-cost Internet service to underserved communities. They are also being used by more and more local governments to read parking and utility meters, manage traffic lights and other roadway displays, and to provide more timely and accurate information to first responders (e.g. police, fire, ambulance) and other municipal workers to make their operations more cost-effective. ABI Research projects that the use of municipal wireless networks will grow 8,400% during the next five years.  

These municipal Wi-Fi / Wi-Max networks can also be used to provide Smart Community (i.e. special, proprietary, mobile-Internet) services, including Smart Jitney dispatching, to residents and visitors. Sometimes called single-trip or dynamic carpools, Smart Jitneys are privately-owned cars, vans, SUVs and pickup trucks that are computer-dispatched to pick up and deliver passengers and parcels door-to-door, for a fee, in selected travel corridors. Smart Jitneys are designed to complement and supplement conventional public transportation and delivery services.

The Minerva Smart Jitney/Smart Community System -- which will use many of the concepts developed for the German Ruf-Bus Intelligent Transit System, as well as more recent developments in Information Technology (IT) -- will be able to:

· Reduce traffic congestion, gasoline consumption, air pollution, parking and mobility problems, and

· Create a wide variety of new business, employment, education, recreations and other opportunities for local residents at a low cost to both users and taxpayers. Market research studies indicate that 40% of those who now drive private vehicles to work would switch to Smart Jitney/Smart Community-enhanced transit services if they were available, and 60% would switch if their round-trip travel time at least matched their present driving time. 

This paper outlines how a Smart Jitney/Smart Community System would work. Once the software is tested in selected urban, suburban and rural communities, it will be licensed to towns, cities and counties -- in both the U.S. and in other countries – to enable residents to improve their quality of life by themselves, with their own resources.

How U.S. Workers Got to Work in 1980 & 2000

	Means of Transport
	1980
	2000

	
	Millions 
	(%)
	Millions
	(%)

	Transit 
	6.0
	(6.6)
	6.6
	(5.6)

	Ridesharing
	22.5
	(24.8)
	14.3
	(12.1)

	SOVs
	62.2
	(68.6)
	97.2
	(82.3)

	Total Workers
	96.6
	(100.0)
	127.4
	(100.0)


   SOV = single occupant vehicles
Personal Rapid Transit for Airport Applications by Martin Lawson in Transportation Research Record 1930 (Transportation Research Board, 500 Fifth Street, NW, Washington, DC 20001; (202) 334-3213; http://gulliver.trb.org/bookstore) (2005)

	Highlights

· PRT has significant advantages over most other forms of intra-airport transportation.

· LRT & APM are the worst options.


Table 3 summarizes the relative benefits of various transport modes in an airport application.
	TABLE 3 Comparison of Transport Modes

	
	APM
	LRT
	Bus
	PRT

	Walking time
	Moderate
	Moderate
	Moderate
	Good

	Waiting time
	Bad
	Bad
	Bad
	Good

	Trip time
	Good
	Good
	Bad
	Good

	Flexibility
	Bad
	Bad
	Good
	Moderate

	Disruption
	Bad
	Bad
	Good
	Good

	Cost
	Bad
	Bad
	Good
	Moderate

	Innovation
	Moderate
	Moderate
	Good
	Bad


Walking Time: For a landside application, especially in a car park, it is impractical to locate stations very close together for conventional forms of transport. For automated people movers (APM) and light rail (LRT) this is an issue of cost, because additional stations can add significantly to overall system cost. But for all conventional forms of transport, frequent stop locations reduce trip speed. Thus for conventional forms of transport, walk times are likely to be longer than preferred by the passenger. In contrast, the low cost of personal rapid transit (PRT) stops, especially if these are at ground level, means that additional stops can be introduced without severe cost penalties. As a result, walk times can be reduced to a minimum.

Waiting Time: For landside operations, wait times are liable to be long for all conventional forms of transport because of the low local demand in the landside areas, which means that it is not practical on cost grounds to offer high service frequency. This problem is bypassed by PRT, because vehicles can readily be made available on demand. Studies for the ULTra application at Heathrow, using a simulation tool developed in depth by Advanced Transport Systems (ATS), show that average wait times are reduced to below 20 seconds with the 78 vehicles used in the cost-benefit estimates.

Trip Times: Trip times for APM, LRT, and PRT are all low. Although APM and LRT have a reduced mean velocity because of the need to stop at every station, the delivered trip times will normally be enough to satisfy passenger service requirements. PRT has a lower maximum speed, but will deliver excellent trip times because it has no need to stop at intermediate stations.

Flexibility: There are two aspects to flexibility: the ability to fit within the demanding space constraints of an airport and the ability for reconfiguration after installation. Buses are extremely flexible and cause few constraints on the airport. In contrast, the large-scale infrastructure of APM/LRT systems can cause major problems, and force major rebuilding of other airport structures. Flexibility is also an important issue in airport development. All airports have undergone extensive and extended growth, which can be expected to continue for some time into the future. Thus the flexibility to reconfigure a transport system easily to meet new airport needs is an important aspect. By far the most flexible form of transport is the bus, which requires minimal additional infrastructure and can be reorganized at zero notice to undertake new tasks. In contrast APM/LRT systems require heavy and costly infrastructure, which is extremely difficult to change once it is in position. PRT systems have significant flexibility benefits, with infrastructure that is easily installed and repositioned. Structure is small scale, low cost, and modular. The small scale of PRT systems provides major installation benefits. If required, radius of curvature for a PRT system can be as low as 5 meters. PRT cannot compare with the bus in flexibility, but has very major benefits over APM/LRT systems.

Disruption: The disturbance to airport operations caused by major rebuilding programs is a fact of life at most airports, but nevertheless remains a major issue both for the passengers and for the airport management. A significant negative factor for APM/LRT systems is the major disruption imposed on the airport for extended periods, typically 2 years, during their installation. By comparison, disruption caused by PRT is minimal, because of the far smaller scale of the infrastructure which can be largely prefabricated as modules off-site. Although some small-scale groundworks are inevitable, the infrastructure as a whole can be installed in months. In the case of Heathrow, it is planned that installation would Occur entirely during the night.

Cost: APM and LRT systems have high overall costs. Recent APM installations have exceeded an overall system cost of $100 million per km. LRT and smaller-scale monorail systems usually have lower overall costs, but these are still high in absolute terms, around $20 to $40 million per km. Buses are very low cost, since they require no additional infrastructure. This low cost is slightly artificial because there is a need for infrastructure, such as roads and parking areas, to support the buses. PRT has significant cost attractions over LRT and especially APM systems. Costs can be less than $10 million per km, although the special circumstances of airport applications may add to this. For Heathrow, recent cost studies, supported by detail evaluations by contractors with substantial experience of construction at Heathrow, have given overall costs of around $7 million per km of track. There are significant potential cost benefits in PRT applications for airports.

Innovation: Bus systems are most unlikely to feature any significant innovation. APM/LRT systems are normally regarded as well proven, but most systems will have a number of application-specific features which will not have been previously proven in service. Poor experiences on recent installations, which have frequently led to in-service delays, reinforce this point. However, no PRT system is yet in service. The innovative issues in PRT are widely perceived as a major negative factor in the choice of PRT for an airport application and justify special discussion.
Transit Signal Priority Project - Phase II - Field and Simulation Evaluation Results by Hesham Rakha and Kyoungho Ahn, Virginia Tech Transportation Institute, 3500 Transportation Research Plaza, Blacksburg, VA 24061 (Virginia Department of Transportation, 1401 E. Broad Street, Richmond, VA 23219) (Mar 2006)

	Highlights

· Simulation results indicated that a TSP system generally benefits transit vehicles, but does not guarantee system-wide benefits.

· TSP can increase transit-vehicle travel times by approximately 2.5% during congested morning peak periods.

· TSP did not result in statistically significant changes in auto or system-wide travel times.

· TSP operations at near-side bus stops resulted in increased delays in the range of 2.85%.

· TSP operations at mid-block and far-side bus stops resulted in network-wide savings in delay in the range of 1.62%.


Transit Signal Priority (TSP) is recognized as an emerging technology that is capable of enhancing traditional transit services. Basic green-extension TSP was implemented on U.S. Route 1 in the Northern Virginia Area (or Washington, DC metropolitan area). This study quantifies the impact of TSP technology on transit-vehicle performance using field-collected Global Positioning System (GPS) data and evaluates the system-wide benefits of TSP operations using computer simulations to expand on the field evaluation study.

The field study demonstrated that overall travel-time improvements in the order of 3% to 6% were observed for TSP-operated buses. However, the results also demonstrated that green extension TSP can increase transit-vehicle travel times by approximately 2.5% during congested morning peak periods. In addition, the study demonstrated that TSP strategies reduce transit vehicle intersection delay by as much as 23%. The field study demonstrated that the benefits associated with TSP were highly dependent on the roadway level of congestion and were maximized under moderate to low levels of congestion.

However, the simulation results indicated that TSP did not result in statistically significant changes in auto or system-wide travel times (differences less than 1%). Furthermore, a paired t-test concluded that basic green-extension TSP did not increase side-street queue lengths. An increase in the traffic demand along Route 1 resulted in increased system-wide detriments; however, these detriments were minimal (less than 1.37%). The study demonstrated that an increase in side-street demand did not result in any statistically significant system-wide detriments. Increasing the frequency of transit vehicles resulted in additional benefits to transit vehicles (savings in transit vehicle travel times by up to 3.42%), but no system-wide benefits were observed. Finally, TSP operations at near-side bus stops (within the detection zone) resulted in increased delays in the range of 2.85%, while TSP operations at mid-block and far-side bus stops resulted in network-wide savings in delay in the range of 1.62%.

The simulation results indicated that a TSP system generally benefits transit vehicles, but does not guarantee system-wide benefits. In this study, a maximum transit vehicle travel-time savings of 3% to 6% was observed with the provision of green-extension TSP from both the field and simulation evaluation studies. However, the green-extension TSP operation did not benefit nor damage the non-transit vehicles in most cases. Also, it should be noted that the results of the study may be specific to Route 1 corridor because of the unique characteristics of the study corridor, the specific traffic demand, and TSP logic implemented.

Finally, the study recommends the calibration of current TSP settings to improve the effectiveness of TSP operation. Also, different transit priority strategies or a combination of other TSP strategies should be investigated to increase the benefits of TSP operations. A conditional TSP system that only provides priority to transit vehicles behind schedule and an intelligent transit monitoring system are also recommended to improve the TSP system on the Route 1 corridor.

The Effect of Government Highway Spending on Road Users’ Congestion Costs by Clifford Winston & Ashley Langer in Journal of Urban Economics (Elsevier, Customer Service Department, 11830 Westline Industrial Drive, St. Louis, MO 63146 USA; Email: usbkinfo@elsevier.com; Toll Free: +1 (800) 545-2522; www.sciencedirect.com) (2006)

	Highlights

· Highway spending, even if allocated more efficiently, is simply not a cost-effective way to reduce congestion.

· Instituting congestion pricing for road users would be a far more effective solution to clogged roads than current state highway spending.


Given that a major goal of the federal transportation legislation that funds a large part of highway expenditures is to reduce travel delays, this paper assesses the efficacy of highway spending on road users’ congestion costs. The authors estimate that, on average, one dollar of highway spending in a given year reduces the congestion costs to road users only eleven cents in that year. They also find that if highway spending explicitly attempted to reduce congestion by targeting expenditures to those states whose urbanized areas experience the greatest travel delays and to those stretches of road where spending is most effective at reducing congestion, that annual congestion costs would fall as much as 40%. But even so, the congestion cost savings from one dollar of highway spending in a given year would amount to a modest twenty-five cents in that year, indicating that such spending, even if allocated more efficiently, is simply not a cost-effective way to reduce congestion. This evidence strengthens the economic case for congestion pricing of roadways and provides some insight into policymakers’ preference for public spending over road pricing to mitigate congestion costs.

Why is government spending so ineffective at reducing congestion costs? Highway spending is compromised by inefficiencies related to pork barrel politics, by slow and inappropriate responses to demographic changes, by excessive maintenance expenditures caused by poor road design, and by inflated labor costs attributable to the Davis Bacon Act. No explicit mechanism now links state highway expenditures with congestion in specific localities.

However, the most fundamental obstacle to effective highway spending is that the US intracity road system is largely complete and the nation’s urbanized areas have little available land to expand their infrastructure. Cities that are experiencing sprawl can improve their road system, but these infrastructure investments yield a modest reduction in current congestion costs. In most congested cities, it is extremely difficult or prohibitively expensive to widen major freeways and arterials to reduce congestion or for such construction to keep up with traffic growth. Notwithstanding the nation’s $15 billion investment to improve Boston’s traffic flow, it is highly doubtful that another US city will have the opportunity to replicate that experience or that projects on such a scale come close to being cost effective. And highway spending to rehabilitate lanes and occasionally widen an arterial can, at best, have a small effect on delays in most US cities. Instead of being used as the primary combatant against congestion, road spending could potentially play an effective supplemental role if it were based on careful cost-benefit considerations.

The implication of this conclusion is that the nation must change its approach to reducing congestion costs. Economists have argued that road pricing should be the primary approach, especially because it is effective during the very rush hours that would otherwise require the most expensive capacity expansions. Moreover, unlike spending, road pricing produces benefits without using public financial resources. The only government spending required is the modest sums to set up the initial tolling mechanism. If road pricing were tied to modest reductions in highway spending, then states could improve their budgets (or use these funds for more socially desirable purposes) without fear that these spending cuts would significantly increase congestion.

Notwithstanding its contribution to efficiency, congestion pricing is criticized—and dismissed as politically infeasible—because it would primarily benefit high-income motorists who value the time savings. However, research shows that road prices can be adjusted to account for motorists’ different preferences and substantially reduce distributional concerns while producing efficiency gains. In contrast, current highway spending is financed primarily by the gasoline tax, which is generally considered to be regressive. Given the freight sector’s high value of time, truckers and shippers are likely to find that efficient congestion tolls are cost effective. Moreover, they would likely pass on some of the cost savings to consumers.

In the final analysis, policymakers’ lack of interest in congestion tolls may have less to do with pricing’s distributional effects than with the distributional effects of highway spending. Highway spending supports projects so politically popular with federal, state, and local policymakers and constituents that Senator Rick Santorum recently warned lawmakers “not to get between a congressman and asphalt, because you will always get run over.” Instituting congestion pricing for road users would not only be a far more effective solution to clogged roads than current state highway spending but would also justify a reduction in public expenditures. Road pricing’s lack of traction with policy makers may be that it threatens one of the most visible ways that elected officials reward their supporters.

Effective Message Design for Dynamic Message Signs by Conrad L. Dudek, Brooke R. Ullman, Nada D. Trout, Melisa D. Finley, and Gerald L. Ullman, Texas Transportation Institute, Texas A&M University System, College Station, Texas 77843-3135 (Texas Department of Transportation, Research and Technology Implementation Office P.O. Box 5080, Austin, Texas 78763-5080; 979.845.1734; http://tti.tamu.edu) (Jun 2005)

	Highlights

· Messages must be standardized and consistently applied throughout the state.

· There should be a maximum of 8 words.


Dynamic message signs (DMSs) are one of the primary links a transportation agency has to the motoring public it serves. Since DMSs represent many motorists' primary concept of intelligent transportation systems (ITS), improperly designed or operated DMS messages will have a negative impact on the public's perception of ITS in general. The design and display of messages on DMSs introduce many challenges to transportation agencies. The following paragraphs briefly summarize some of the relevant issues involved.

DMSs are the direct link with the motoring public. DMSs can be an effective tool for communicating with motorists. However, displaying messages that are too long for motorists to read at prevailing highway speeds or that are too complex or inappropriately designed, leading to motorist confusion, can adversely affect both traffic flow and the transportation agency's credibility.

Existing human factors design guidelines need to be supplemented and packaged to meet the needs of DMS message designers and operators. Existing guidelines are not always easily understood and used by practicing engineers and DMS operators, and do not cover all possible signing situations.

Efforts must be made to ensure that DMS messages are standardized and consistently applied throughout the state or region. The messages displayed must be "transparent" to travelers in the state or region. Therefore, messages need to be presented in a consistent manner and order based on motorists' expectancies.

Only a few seconds are available to communicate a message. At prevailing highway speeds, the DMS message must be presented to motorists in about eight seconds or less. This translates to a message with a maximum of eight words. Uninformed transportation personnel sometimes display messages that are too long for motorists, particularly slower readers to read while driving at prevailing speeds.

Available exposure time controls the maximum length of message that should be displayed. Research has indicated that the reading times for DMSs are higher than for static guide signs. The distinguishing factor is that motorists can scan guide signs for relevant information, whereas they must read the entire message displayed on DMSs in order to understand the message. Exposure time is directly related to message legibility distance and driving speed. For a specific type and design of DMS, the available message exposure time dictates the maximum length of message that can be displayed for a given highway operating speed.

In many signing situations DMS legibility distance constraints dictate the need to reduce the amount of information that is necessary to fully communicate with motorists. Key DMS objectives include maximizing information transfer to motorists, providing explicit advice, eliciting specific motorist response, and inducing motorist confidence. One major challenge is that this must be accomplished within a short time frame and on signs that may not contain sufficient line capacity to display the desired messages. Trade-offs must be made as to what elements of the message should be omitted. There are many signing situations requiring message design trade-offs that need to be addressed in advancing the state of the art of message design.

Measures must be taken when developing DMS messages to enhance motorist understanding of messages. Research and experience have allowed the Texas Transportation Institute (TTI) to determine which words and word combinations are understood by most motorists. In developing messages, factors that enhance understanding of messages include the following:

1) simplicity of words,

2) brevity,

3) standardized order of words,

4) standardized order of message lines, 

5) understood abbreviations when abbreviations are needed.

To be effective, a DMS must communicate a meaningful message that can be read and comprehended by motorists within a very short time period (constrained by the sight distance characteristics of the location and design features of the DMS). Extensive human factors and traffic operations research has been previously conducted to develop fundamental principles and guidelines for DMS message design. Because they are based on a solid understanding of motorist physical and information-processing capabilities, these principles and guidelines are as valid today as when they were first developed so long as they are consistently and properly applied. Some of the more important DMS message principles that have been developed relate to message formatting, abbreviations, and how messages are divided and shown on more than one frame (sometimes referred to as a panel).

Evaluating Criteria for Adapting HOV Lanes To HOT Lanes: Development and Application of HOT Start Software Tool by William L. Eisele, et al., Texas Transportation Institute, Texas A&M University System, College Station, Texas 77843-3135 (Texas Department of Transportation, Research and Technology Implementation Office P.O. Box 5080, Austin, Texas 78763-5080; 979.845.1734; http://tti.tamu.edu) (Apr 2006)

	Highlights

· HOT lanes offer both substantial revenue opportunities and a solution to popular concern about underused HOV lanes.

· www.valuepricing.org lists numerous cities that are in various stages of implementation.


High-occupancy/toll (HOT) lanes offer drivers the option of traveling on a high-occupancy vehicle (HOV) lane for a toll, when they would normally not meet the occupancy requirements of the lane. These characteristics have led to the growing perception that HOT lanes offer both substantial revenue opportunities and a solution to popular concern about underused HOV lanes.

There are only five existing projects where HOV lanes have been converted to HOT lanes, and the www.valuepricing.org Internet site lists numerous cities that are in various stages of implementation. Transportation departments and transit authorities are aware that there are complexities and costs associated with converting HOV lanes to HOT lanes and operating HOT lanes, but the exact nature and magnitude of these issues are generally unknown.

The complexities and costs associated with converting HOV lanes to HOT lanes necessitate detailed evaluations of such projects. Further, each project is case specific, and the importance/relevance of the numerous factors that must be considered in an HOV lane to HOT lane conversion vary from one project to the next. Though detailed analysis of the factors is necessary prior to dedicating financial resources to such a significant transportation improvement, there is a need for a sketch-planning tool that can evaluate the multiple factors (quantitative and qualitative) involved in implementing a conversion project.

This research project evolved from more than two decades of experience with HOV lanes in Texas. The Texas Transportation Institute (TTI) has teamed with the Texas Department of Transportation (TxDOT) and the transit authorities in Houston and Dallas to perform ongoing, comprehensive evaluations of existing and proposed HOV lanes and HOT lanes since 1979. This research project captures the benefits of this extensive experience in a manner that is applicable not only to Texas projects, but readily applicable to HOV lane to HOT lane conversions everywhere.

When developing the tool, the research team initially prepared a list of the most likely goals behind the conversion of an HOV lane to a HOT lane. These goals included:

Increase Corridor Mobility: One goal of the conversion of an HOV lane to a HOT lane is based upon improved mobility in the corridor. Typically, improved corridor mobility can be the result of improvements in roadway supply components (e.g., added capacity) and/or demand components (e.g., shifts in volume by mode, altering hours of operation). Typical performance measures for increased corridor mobility include speed and travel time measures for all modes using the facility. These measures inherently include the effect of supply and demand components along the roadway as these components directly affect the operation of the corridor. Not only are average travel times of interest, but there is also an interest in ensuring that there is a significant and reliable travel-time savings along the HOT facility compared to the general-purpose lanes. Therefore, the travel-time savings and travel-time reliability are important corridor mobility measures. Finally, another important aspect of increased corridor mobility is the person-movement of the corridor.

Generate Revenue: At a minimum, the HOT lane should generate sufficient revenues to pay for the additional expense of converting it from an HOV lane and for any additional operation and maintenance expenses above those of the HOV lane. A HOT lane that cannot cover these incremental costs may not have the patronage to be successful and will be even more difficult to convince local decision makers to implement (and should not be implemented if net societal benefits, including items such as travel-time savings, do not exceed net societal costs).

Improve Air Quality: Environmental improvements are a goal of HOV lane conversion to HOT lane projects, especially in non-attainment areas. There are also financial reasons, such as air quality credits, for considering environmental improvements as a goal.

Provide Travel Options: One goal of conversion is to provide travelers high speed or superior service travel options in the event that they need to bypass congestion occasionally or on a regular basis.

Increase Public Acceptance: The goal of public acceptance is to create an environment of acceptance and/or promotion of a HOT lane concept. This acceptance is demonstrated by ongoing political support of a project across administrations and may even include championing projects or expanding project applications. Public acceptance should be measured by ascertaining the satisfaction with the project by both users and non-users of the facility.

Portable Concrete Traffic Barrier for Maintenance Operations by Roger P. Bligh, Nauman M. Sheikh, Wanda L.Menges, and Rebecca R. Haug, Texas Transportation Institute, Texas A&M University System, College Station, Texas 77843-3135 (Texas Department of Transportation, Research and Technology Implementation Office P.O. Box 5080, Austin, Texas 78763-5080; 979.845.1734; http://tti.tamu.edu) (May 2005)

	Highlights

· The low deflection and ease of placement and repair make the new precast, crossbolt, F-shape barrier well suited for maintenance and work zone operations.


Texas Department of Transportation's (TxDOT) portable concrete traffic barrier standards have evolved over the years to incorporate rail segments that are 30 ft in length and weigh approximately 14,000 lb each. While these barriers serve their function well once they are in position, the 30-ft barrier segments are only nominally "portable" in that they usually require a crane to lift and place them. Maintenance sections do not typically have this type of heavy equipment and must, therefore, contract for these services. The benefits of a truly portable rail system include reduced deployment time (which can be critical for some emergency maintenance operations) and reduced expense and liability associated with moving and placing the larger, heavier 30-ft barrier segments.

Under this project, a new precast concrete traffic barrier system for maintenance operations was developed through a program of simulation and full-scale crash testing. The new barrier system achieves the objective of greatly enhanced portability combined with a low dynamic barrier design deflection. The 10-ft barrier segments have a weight of 4530 lb, which can be readily lifted and placed using a front-end loader with fork attachment. The location and size of the drainage troughs at the base of the barrier segments were modified to accommodate the use of such equipment.

Based on the results of the testing and evaluation reported herein, the new precast, crossbolt, F-shape concrete traffic barrier with 10-ft barrier segments is considered suitable for implementation on high-speed roadways. The cross-bolt connection system adapted for use in the new barrier helps limit dynamic deflection during an impact. When subjected to a crash test with an impact severity 15% greater than currently required in NCHRP Report 350, the barrier deflected only 27 inches. This is the lowest deflection of any free-standing, portable concrete barrier approved to NCHRP Report 350 requirements other than TxDOT's X-bolt barrier with 30-ft segments. The low deflection and ease of placement and repair make the barrier well suited for maintenance and work zone operations.

The tolerance available in the X-bolt connection assists with barrier constructability and placement of the barrier on horizontal and vertical curves. The relative angle that can be achieved between barrier segments is 4 degrees. In combination with the 10- ft segment lengths, the barrier has a minimum radius of curvature of approximately 125 ft.

Unless the ends of the portable concrete barrier can be flared out the required clear zone at an acceptable rate, they must be shielded using crashworthy end treatments or crash cushions. Researchers identified several existing crash cushion products suitable for use with the highly portable barrier system, some of which are already approved for use in Texas.

Finite element impact simulations were conducted to investigate the minimum installation lengths appropriate for the barrier. Simulations of a 100-ft installation with free ends and a 50-ft installation with constrained ends showed successful redirection of the finite element vehicle with reasonable barrier deflections. The unrestrained end condition represents use of the barrier with a free-standing, unanchored end treatment or crash cushion. The restrained end condition corresponds to the use of a fully anchored end treatment or crash cushion. It should be noted that the minimum barrier lengths selected for the restrained and unrestrained end conditions are based on impact performance and dynamic deflection. The required barrier length of need should be determined following appropriate guidelines with consideration given to site conditions, size, and lateral offset of hazards being shielded, and protection of workers in the work zone area.

The F-shape profile of the barrier maintains compatibility with the standard TxDOT X-bolt, F-shape barrier with 30-ft segments without the need for a special barrier transition section should it be desirable to connect the systems together. The F-shape barrier profile should provide improved safety in comparison with New Jersey-profile barriers by reducing the frequency of rollover crashes. Full-scale crash testing indicates that vehicles impacting barriers with an F-shape profile experience less climb and remain more stable compared to those that impact barriers with a New Jersey profile.

After the successful crash test, details of the barrier system were provided to personnel in TxDOT's Design Division. Statewide implementation of the new cross-bolt F-shape barrier has been achieved by TxDOT's Design Division through the development and issuance of a new standard detail sheet.

Reducing Congestion in Atlanta: A Bold New Approach to Increasing Mobility by Robert W. Poole, Jr. (Reason Foundation, 3415 S. Sepulveda Blvd., Suite 400, Los Angeles, CA 90034; 310/391-2245; http://www.reason.org/ps351.pdf) (Nov 2006)

	Highlights

· Atlanta’s current plan, of investing heavily in mass transit, carpooling, and land-use changes will not reduce congestion.

· $25 billion spent on four major highway improvements would reduce congestion delay and save time worth $98 billion.


Congestion is increasingly clogging the arteries of metro Atlanta and threatens to strangle the region over the longer term. The ability to move goods and services quickly and efficiently, combined with the need to provide a high quality of life for workers and families, should put eliminating traffic congestion at the top of Atlanta’s priorities. While the cost of eliminating traffic congestion will be significant, the consequences of ignoring this growing problem are dire.

The Atlanta metro area is already plagued by serious traffic congestion, whose direct cost is estimated at $1.75 billion per year. But if the current long-range transportation plan is implemented, by 2030 congestion will be much worse. A rush-hour trip that today takes 46% longer than at off-hours will take 67% longer in 2030 (defined as a travel-time index of 1.67), according to the Atlanta Regional Commission.

In December 2005, the Governor’s Congestion Mitigation Task Force recommended a dramatic change in the focus of transportation planning, making congestion-reduction its principal focus. It set a goal of reducing Atlanta’s travel-time index from today’s 1.46 to 1.35 by 2030. While the leadership of all four principal transportation agencies signed on to these recommendations, no one has yet set forth the changes in transportation plans and investments needed to bring about this reduced congestion. That is the purpose of this report.

Atlanta’s current plan, of investing heavily in mass transit, carpooling, and land-use changes to reduce the extent of driving, is not compatible with the congestion reduction goal. The current long-range plan, despite devoting the majority of its funding to transit and carpool lanes, would lead to no increase in the fraction of commute trips made by carpool, and a less than 2% increase in transit’s low market share—while overall congestion soars.

The new approach this report recommends deals with both major sources of congestion. For the half that is caused by incidents (accidents, work zones, weather, etc.), Atlanta should continue efforts under way such as quicker identification of, response to, and clearance of incidents. On arterial streets, improvements in traffic signal coordination and access management will also help.

But for the kind of congestion that occurs every day during rush hours because demand greatly exceeds roadway capacity—there is no alternative to increasing the capacity of the roadway system. This does not mean paving over the landscape with ever more freeways, nor does it mean ignoring air quality mandates. A careful program of catch-up capacity additions over the next 25 years can substantially reduce congestion (vehicle hours of travel) without increasing total driving (vehicle miles of travel). The result would be the elimination of the worst congestion by 2030, and achievement of the Congestion Mitigation Task Force’s travel-time index goal.

Four major projects are recommended:

· A network of express toll lanes added to the entire freeway system instead of the currently planned (but only partially funded) set of HOV lanes. These priced lanes would also function as the guideway for regionwide express bus service.

· A double-decked tunnel linking the southern terminus of Georgia 400 with I-20 and later with the northern terminus of I-675, providing major relief to the Downtown Connector (I-75/85), the most congested portion of the freeway system.

· Extension of the Lakewood Freeway eastward to I-20 as a tunnel, and westward to I-20 as a freeway, providing an additional east-west corridor and new access to the airport.

· A separate toll truckway system, permitting heavy trucks to bypass Atlanta’s congestion in exchange for paying a toll; a portion of this system would be tunneled below downtown.

The estimated cost of these four mega-projects is $25 billion. By using value-priced tolling on nearly all of this new capacity, more than 80% of the cost could be financed based on the projected toll revenues. And to reduce the risks inherent in such mega-projects, they should be carried out under long-term concession agreements in which the private sector partners would bear the risks of cost overruns and revenue shortfalls. Projects of this scale are being done successfully under concession arrangements in Europe and Australia.

There would be large benefits from implementing this approach. Valuing the time saved at $12 per hour, the time savings over 20 years would be more than $98 billion. That means the time saving benefits alone would be nearly four times the $25 billion cost. 

Individual motorists would benefit every day, as average trip times would be shorter than today, rather than considerably longer. With a network of uncongested priced lanes on the whole freeway system, everyone who signed up for a windshield-mounted transponder would have the peace of mind of knowing that he or she had a time-saving option available, whenever it was really important to get somewhere on time. And the region’s transit providers would gain the virtual equivalent of a network of exclusive busways, since the priced lanes would permit reliable, uncongested bus operations at all times.

Atlanta is at a crossroads in transportation policy. Continuing down the status-quo road leads to a future of costly transit and carpool-lane expansion--but much worse congestion. This report’s recommendations, covering the next 25 years, should constitute the first phase of a longer-term plan to eliminate congestion as an everyday occurrence. Atlanta will still be faced with considerable congestion after 2030, especially if the region continues to grow. A longer-term vision should aim at making the highway system work so well that everyday congestion is eliminated, and congestion due to incidents is reduced to a bare minimum. To implement such a vision will require a continued combination of technology, capacity, and pricing, building upon what is set forth in this report.
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