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Advanced Non-Intrusive Road Surface Condition Measurement System to Predict Friction Coefficient for Winter Maintenance Decision Making

Albert Mathis, AnyData AG; Helmut Zwahlen, Ohio Research Institute for Transportation and the Environment.
Paper Number 09-0895

Abstract:

This study discusses the installation and operation of two road and weather information stations in Austria in 2007 which incorporated new measurement and data display technology. The technology includes the Vaisala remote optical non-intrusive road surface state sensor DSC 111 “Spectro,” to provide an estimate of the friction coefficient and other measurements; the Vaisala optical non-intrusive sensor DST 111 “Cyclo,” to measure road surface temperature; and Vaisala display software to plot all measured road surface and other meteorological data along with a time-stamped video picture of the road surface on a PC screen. All data and pictures are transmitted by GPRS (General Package Radio Services) every five minutes to a central Vaisala server and stored for future access and analyses. This new measurement technology provides, among other measurements, independent high resolution water-, ice- and snow- layer thicknesses on the road surface. A real world example is given using these thickness values to explain why ice slipperiness can exist even after the application of deicing chemicals. Preliminary user experience indicates that the technology earns high user acceptance from decision makers, and provides 1) a much enhanced and easy to use information database for winter maintenance decision makers, 2) an excellent training tool (road surface pictures), and 3) the potential for greatly reduced use of deicing chemicals and road cleaning and de-icing trips due to better and more informed decision making.

Estimating the Relationship between Snow and Ice Maintenance Performance and Current Weather Conditions

T. Maze, Massiel Orellana, Chris Albrecht, Center for Transportation Research and Education; Alicia Carriquiry, Iowa State University.
Paper Number 09-0898

From the Abstract:

This paper uses Minnesota DOT data to determine the relationship between local weather parameters and roadway segment performance information. Although it would seem obvious, the most important relationship estimated is between measureable weather parameters and performance. Because electronic data on weather variables are immediately available, severity can be measured between storms and between geographic locations immediately following a storm. This allowed for measuring performance and weather immediately following a storm to better understand required adjustments for better performance in the future.
Computer-Aided Design of Passive Snow Control Measures
Stuart Chen, Michael Lamanna, University at Buffalo; Ronald Tabler, Tabler and Associates; Darrell Kaminski, New York State DOT.
Paper Number 09-1216

Abstract:

Control of blowing and drifting snow on the nation's highways is important to reduce maintenance costs and closure times and to improve crash incidence by improving visibility, preventing drifting on the road and reducing road icing. Means of engineered mitigation using road design and snow fences have been incorporated into a software tool, SnowMan (for Snow Management), that has been deployed for use statewide within the New York State DOT. The software has been developed as a MDL application to run within the Bentley MicroStation CAD software environment used in highway design projects. The scope of SnowMan includes drift prediction (mitigated and unmitigated), evaluation of roadway cross sections and determination of trial fence solutions subject to combinations of height, setback and porosity constraints, and prescription of upwind earthwork solutions. This paper describes the development and implementation of this software tool for mitigation of blowing and drifting snow problems and illustrates its usage, while also providing an overview of the relevant data, underlying algorithms and engineering approaches to blowing and drifting snow mitigation as implemented in SnowMan.
Impact of Snowy and Icy Weather on Freeway Operation and Improvement Countermeasure Studies of South China
Shao Dong, Zhongyu Operation Branch of Chongqing Expressway Development Co. Ltd.; Gao Jianping, Yan Nan, Tang Boming, Wang Ren-wei, Chongqing Jiaotong University.

Paper Number 09-1540
From the Abstract:

In early 2008, South China suffered a disastrous snow and ice event. This event caused incalculable damage and severely compromised roadway travel, leaving millions of people unable to reunite with their families for the traditional Chinese Spring Festival holiday. This paper discusses the severe impact on freeway transportation, disparities in winter maintenance management between South China and developed countries, and shortfalls in weather-related emergency freeway management in South China. A number of countermeasures are proposed.
Using Classification Trees to Build Flexible and Intuitive Winter Weather Indices
Jean Andrey (Corresponding Author), Alexander Brenning, Denis Kirchhoff, Ammar Abulibdeh, University of Waterloo; Brian Mills, Environment Canada; Max Perchanok, Ontario Ministry of Transportation.
Paper Number 09-1642

From the Abstract:

Road salt usage models provide a way of benchmarking and understanding spatial-temporal variations in maintenance operations, and therefore have value in working toward improved salt management practices. The current study outlines a new approach for modeling road salt usage that addresses many of the limitations of past models. This approach is developed and illustrated using automatic vehicle locator data for three seasons and one provincial highway patrol near Ottawa, Canada. Using categorical, hourly salt application rates for specific highway segments as the dependent variable, and various sources and types of forecast and observed weather conditions as the independent variables, five different treatment modes are modeled using classification trees. Results are promising in terms of both the accuracy of predictions and the ability of this inductive approach to identify key explanatory variables and related threshold values that affect the probability of different treatment options. The winter index that results from this approach can incorporate both the most likely treatment mode as well as its probability, and can be scaled such that the same data inputs and outputs can be used to characterize winter weather at various temporal scales -- from individual storms to entire winter seasons.

How Drivers Perceive Visibility in Blowing Snow: Human Subject Experiments on Visibility by Viewing Videos of Blowing Snow

Masaru Matsuzawa, Hirotaka Takechi, Yasuhiko Kajiya, Yasuhiko Ito, Civil Engineering Research Institute for Cold Region; Mitsunori Igarashi, Hokkaido Regional Development Bureau; Masaru Matsuzawa (Corresponding Author).
Paper Number 09-1792

From the Abstract and Introduction:

Road meteorological observatories measure visibility using visibility meters. However, visibility values measured by visibility meters stem from the meteorological definition of visibility, which comes from a perspective different than that of road use. It is important to ascertain the relationship between visibility perceived by drivers and visibility measured with a meter in order to accurately detect visibility reductions in blowing snow and properly manage road traffic. This study utilized videos of blowing snowing and volunteer subjects to clarify the relationship. Based on the results, the need for a visibility index for road traffic in blowing snow is identified.
Spectral Analysis of Continuous Friction Measurements for Winter Road Surface Condition Discrimination
Feng Feng, Liping Fu, University of Waterloo.

Paper Number 09-1897

Abstract:

This paper applies a new method for an exploratory analysis on the feasibility of utilizing friction measurements to discriminate the types of winter road surface contaminants. The proposed method treats continuous friction measurements over a road segment as a time series and then investigates their variation patterns associated with different snow cover states, including bare dry, bare wet, thin wet snow, partially snow covered and fully snow covered. The analysis takes advantage of the popular time-series technique -- spectral analysis -- to characterize and identify the friction variation patterns of a road surface. Field data collected from a maintenance route in Ontario, Canada were used in this analysis to identify the important factors that are associated with different road surface conditions. The analysis shows that the majority of the variation in snow coverage and distribution along a road segment could be attributed to the variation in an aggregated measure of friction variation over the segment, namely, spectrum.
Development and Application of a Snow Removal Cost Estimation Model
Shigeyuki Nakamae, City of Yokohama; Junichi Oshima, Snow Research Center; Takahiro Okawado, Fumihiro Hara, Hokkaido Development Engineering Center; Shin-ei Takano, Hokkaido University.
Paper Number 09-2299

Abstract:

The reduction of public works expenditures, particularly snow removal expenditures, is a pressing need for governments in Japan, and there are calls for a systematic approach to cost reduction. Reducing snow removal expenditures at the level of the national government requires the following: 1) analysis of the cost structure, 2) development of a method for comparing costs among regions, and 3) development of cost reduction standards. We studied methods for objectively determining the cost effectiveness of snow removal, toward interregional comparison that has been regarded as difficult because snow removal costs depend on various factors including weather conditions and the demand for snow control. To this end, we developed a snow removal cost estimation model that is based on the relationship between snow removal costs and cumulative snowfall, the data for which are readily available. Our model uses a linear regression line of “unit cost of snow removal” to analyze those relationships. The line expresses the linear relationship between cumulative snowfall, plotted on the x axis, and unit cost of snow removal, plotted on the y axis. “Unit cost of snow removal” is defined as the annual snow removal cost divided by the length of road with snow removal and divided again by the cumulative snowfall. We propose a method of using the model for interregional comparisons of snow removal cost effectiveness, and we introduce how the model is being used to rationally and properly allocate national snow removal budgets to each snowy region of Japan.
Discrepancies Between Longitudinal High Slip and Lateral Low Slip Friction Measurements on Prepared Ice Surfaces
Niclas Engström (Corresponding Author), Henrik Andrén, Roland Larsson, Lennart Fransson, Luleå University of Technology.
Paper Number 09-2519

Abstract:

The Swedish Road Administration requested that an independent organization facilitate friction tests with several types of friction measuring devices. The objective was to evaluate lateral low slip measuring devices against traditional longitudinal high slip devices. Tests were performed on Lake Kakel near Arjeplog, northern Sweden on three surfaces: macro rough and micro smooth ice, macro and micro smooth ice and macro and micro rough ice. Researchers evaluated how well the devices measure road grip -- friction differences between road surfaces and the measuring tire.
Human Driving Behavior Under Icy Road Conditions: a Trajectory Based Study
Prakash Ranjitkar (Corresponding Author), Roger Dunn, University of Auckland; Mitsuru Tanaka, McCormick Taylor Inc.; Takashi Nakatsuji, Hokkaido University.
Paper Number 09-2648

From the Abstract and Introduction:

The objectives of this study were to:

· Estimate drivers’ perception response time and the sensitivity factor under icy and slippery road conditions

· Investigate the influence of speed patterns and drivers’ position in the platoon on human driving performances
· Analyze the stability of traffic flow under icy and slippery road conditions.
Extensive car-following experiments were conducted on a test track using four vehicles equipped with RTK GPS receivers. Eight different speed patterns were tested for the lead vehicle that included four sinusoidal, three constant and one random speed pattern representing various levels of disturbance in the traffic flow. The responses of the following drivers were analyzed based on three important driving performance indicators -- perception response time, sensitivity factor and stability factor.
Evaluation of the Effects of Weather Information on Winter Maintenance Costs
Zhirui Ye, Xianming Shi (Corresponding Author), Christopher Strong, Western Transportation Institute; Tina Greenfield, Iowa Department of Transportation.

Paper Number 09-2664

From the Conclusions and Future Work:

This study presented a general approach for the modeling of winter maintenance costs. A methodology combining neural networks and sensitivity analysis methods was used to identify the key input variables that had significant effects on costs and to investigate how weather information affected winter maintenance costs. The analysis results revealed that improvement of accuracy and increasing use of weather information could reduce costs. A benefit-cost analysis showed that weather information is a promising way to improve winter maintenance and reduce agency costs.

Evaluation of Cargill Safelane Epoxy Overlay
Michael Sprinkel, David Mokarem, Virginia Transportation Research Council.

Paper Number 09-2676

From the Abstract:

The objective of this research was to evaluate the construction, initial condition and performance of the SafeLane epoxy overlay when compared to VDOT EP5 Modified epoxy concrete overlays. Consequently, two SafeLane overlays and two one-layer versions of VDOT EP5 Modified epoxy concrete overlays were placed on four bridges on I-81. Three of the overlays were placed in 2005 and one VDOT overlay was placed in 2004. The evaluation indicates that SafeLane overlays can be constructed using the same procedures and epoxy as used to construct VDOT overlays. In addition, the initial condition of the four overlays is similar, indicating that the SafeLane overlay can provide a skid resistant wearing and protective surface for bridge decks. The project was not able to determine the performance of the overlay with respect to providing a surface with less accumulation of ice and snow when compared to similar surfaces without the SafeLane aggregate.
Benefit-Cost Analysis of Maintenance Decision Support System
Zhirui Ye, Christopher Strong (currently with the City of Oshkosh), Xianming Shi, Western Transportation Institute; Steven Conger, Iteris Inc.; David Huft, South Dakota Department of Transportation.

Paper Number 09-2775

From the Abstract:

While the Maintenance Decision Support System (MDSS) is generally perceived to be beneficial, it is important to more formally determine the tangible benefits and costs that are associated with its implementation and to determine whether MDSS is a good investment. This paper presents the results of a benefit-cost analysis of the pooled fund MDSS. The development of the analysis method includes the identification of benefits and costs, definition of base case and alternatives, and the development of a benefit-cost model. A base case (without MDSS) and two other alternatives (with MDSS) are defined for the analysis. The developed method consists of two parallel modules: a baseline data module and a simulation module.

Laboratory Evaluation of Alternative Deicers: The Path to Decision-Making Based on Science and Agency Priorities
Laura Fay, Xianming Shi (Corresponding Author), Kevin Volkening, Marijean Peterson, Western Transportation Institute.
Paper Number 09-2817

From the Abstract and Background:

As part of a two-year study funded by Colorado DOT, the authors conducted a series of laboratory tests to evaluate the performance and impacts of several alternative deicers versus traditional chloride-based deicers. Four SHRP tests were conducted to evaluate the ice melting, ice penetration and ice undercutting capabilities of the identified deicers, as well as their impact on the freeze-thaw resistance of Portland cement concrete. Three additional novel methods were utilized to assess the friction coefficient of deiced concrete, thermal properties of the deicers, and corrosion effects of deicers to metals. To facilitate scientifically sound decision-making, the researchers propose a systematic approach to integrate the information available regarding various aspects of deicers and to incorporate agency priorities, which is expected to help transportation agencies in selecting or formulating snow and ice control chemicals.
Impact of Adverse Weather on Freeway Speeds and Flows
Janice Daniel, Jongho Byun, Steven (I-Jy) Chien, New Jersey Institute of Technology.
Paper Number 09-2837

From the Introduction, and Conclusions and Recommendations:

The primary objective of this study was to determine the impact of adverse weather conditions on traffic parameters for freeways in New Jersey. This objective was achieved by collecting a variety of traffic data (including speed, volume, headway and occupancy) from selected New Jersey roadways. The data was used to develop speed-flow relationships that would be useful to transportation system practitioners in determining operating conditions under adverse weather conditions. The study found that wet roadways or snow covered roadways had a greater impact on traffic conditions than did the intensity of the rain or snow. The snow impact decreased as the average speed on the roadway under normal conditions increased. Compared to the rain impact, the snow impact is significantly larger. At I-78 the rain impact is a reduction in speed between 1 and 7 percent, compared to a reduction in speed between 19 and 21 percent under snow. Under snow and darkness conditions, speeds increased at two locations with a significant decrease in speed of 19.8 mph (33 percent) at another location.

Determining the Causes of Seasonal Variation in Pavement Friction: an Observational Study Using the Datapave 3.0 Database
Mark McDonald (Corresponding Author), Vanderbilt University; Larry Crowley, Rod Turochy, Auburn University.
Paper Number 09-2943

From the Abstract:

The researchers assess two common theories for the cause of seasonal variations in skid resistance from the perspective of the conservation of energy in order to understand their influence on highway skid resistance. One theory states that the seasonal variations in skid resistance occur due to snowfall removal operations increasing microtexture, which is then worn away throughout the summer. The other states that seasonal variations are caused by seasonal differences in pavement temperature. This paper analyzes Datapave 3.0 friction data to examine the extent to which snowfall removal operations and pavement temperatures influence highway skid resistance.
A Decision Support Tool for Optimizing Winter Maintenance Operations
Dustin Kuchera (Corresponding Author), Diwakar Gupta, University of Minnesota.

Paper Number 09-3244

From the Abstract:

This paper describes the development of a decision support tool to assist snow removal operations. The tool classifies storms into a small number of storm types, calculates an optimal plowing regimen, and displays each pass for each route for every storm type. The required sand/salt amounts, the time-until-completion, the deadhead time, and the number of turnarounds for each pass are also displayed. This tool can be used by managers to determine the number of snowplow operators needed, the amount of sand/salt required, and the number of hours needed to clear roads upon knowing the type of an approaching snowstorm. Operators can use the tool to know the sequence in which to plow various road segments within a route.
Safety Effects of Winter Weather: The State of Knowledge and Remaining Challenges
Christopher Strong, City of Oshkosh (Corresponding Author); Xianming Shi, Zhirui Ye, Western Transportation Institute.
Paper Number 09-3353

Abstract:

In recent years, there has been growing recognition of the effects of weather on the surface transportation system. Although considerable work has been done in quantifying the effects of weather on the highway system, much remains unknown about the relationship between weather and highway system performance. This paper synthesizes the findings from some of the major efforts in this area. A table is presented which estimates the change in crash frequency and vehicle travel speed resulting from various winter weather conditions, based on a synthesis of earlier work. Recognizing the lack of comparability between the results of the studies, the paper concludes with a detailed discussion of avenues for future research which could help to address some of the gaps which currently exist.
Evaluation of Bus Travel Time and Schedule Adherence under Adverse Weather
Athanassios Bladikas, Chuck Feng-Ming Tsai, Steven I-Jy Chien, New Jersey Institute of Technology.
Paper Number 09-3508

Research Objectives:

The objective of this research was to analyze the impact of adverse weather on bus travel times and schedule adherence. Field data generated by the case study transit agency’s automatic passenger counters (APCs) were used to evaluate the impact of adverse weather on the variability of travel times, while data from the National Climatic Data Center were used for matching weather information with the date and time of APC data. Operating information of a bus route was used to compare the actual bus travel time with the scheduled travel time under normal weather, snow and rain.
Application and Integration of Lattice Data Analysis, Network K-functions, and GIS to Study Ice-related Crashes
Ghazan Khan (Corresponding Author), Kelvin Santiago-Chaparro, Xiao Qin, David Noyce, University of Wisconsin-Madison. 
Paper Number 09-3674

From the Abstract:

Advances in GIS software and Exploratory Spatial Data Analysis Techniques (ESDA) have provided transportation safety engineers with tools to observe and analyze safety-related data from a new perspective. The presented research takes GIS and ESDA one step further and incorporates the use of advanced statistical techniques for a more thorough and complex analysis of safety data. This is achieved through the implementation of a network constrained cross K-function to analyze the relationship between occurrences of ice-related crashes and bridges within a county. The counties included in the analysis were selected through the use of Local Moran’s I statistic, which allowed the selection of counties within the same geographical area that are similar in terms of a parameter, in this case the ice-related crash rates. The objective was to explore the relationship between ice-related crashes and bridges for counties displaying similar ice-related crash rates to compare and analyze winter maintenance techniques.
Winter Highway Maintenance Operational Performance Management and Performance Targets
Lin Qiu, Precision Systems Inc.; Wilfred Nixon, University of Iowa.

Paper Number 09-3790
From the Abstract:

The purpose of this study is to develop an applicable performance measurement system that enables winter maintenance agencies to evaluate how well operations have been conducted to meet specified maintenance goals using routinely monitored speed and volume data. The research database includes 1,876 adverse weather events, with a total 22,420 hourly records. CHAID (Chi-squared Automatic Interaction Detector) analysis was first applied to explore the structure of associations between speed and volume reductions and various predicators. CHAID was also used to identify good segmentations for statistical modeling.
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