NCHRP PROBLEM STATEMENT
  I.
PROBLEM NUMBER         (To be assigned)
II. PROBLEM TITLE
Superelevation Criteria for Sharp Horizontal Curves on Steep Grades
III. RESEARCH PROBLEM STATEMENT
Sharp horizontal curves on steep grades represent a particularly dangerous situation for vehicle operators, especially heavy vehicle operators.  Examples where this combination may occur are high speed interchange movements, switchback curves on mountainous two-lane, two-way roads or high-speed downgrade curves on limited access roadways.  At these locations, the complicating factors of vehicle off-tracking, pavement slope, and pavement friction fully tax the driver's ability to provide correct vehicle positioning without compromising control of the vehicle.  Accident problems have arisen where, as a result of reconstruction, older highways with 12 to 17% superelevation have been rebuilt using 8 and 10% superelevation in accordance with current standards.  Superelevation criteria, and other associated horizontal curve criteria, for situations where steep grades are located on sharp horizontal curves have not been developed.

NCHRP Projects 15-16 and 15-16A, documented in NCHRP Report 439, Superelevation Distribution Methods and Transition Designs, evaluated and recommended revisions to the horizontal curve guidance presented in the 1994 AASHTO publication, A Policy on Geometric Design of Highways and Streets (Green Book).  The two principal design elements evaluated were the use of superelevation and the transition from a tangent to a curve.  The transition recommendations were incorporated into the 2001 edition of the Green Book and the superelevation recommendations were included in the 2004 edition of the Green Book.

NCHRP Report 439 noted that significant roadway downgrades deplete the friction supply available for cornering.  This depletion results from the use of a portion of the friction supply to provide the necessary braking force required to maintain speed on the downgrade.  The report found that both upgrades and downgrades yield an increase in side friction demand and a decrease in side friction supply.  This undesirable combination results in a significant decrease in the margin of safety resulting from roadway grade, especially for heavy vehicles.  Superelevation criteria and horizontal curve criteria for this situation were not developed.

The 2004 Green Book contains the following: "On long or fairly steep grades, drivers tend to travel faster in the downgrade than in the upgrade direction.  Additionally, research has shown that the side friction demand is greater on both downgrades (due to braking forces) and steep upgrades (due to the tractive forces).  Some adjustment in superelevation rates should be considered for grades steeper than 5%.  This adjustment is particularly important on facilities with high truck volumes and on low-speed facilities with intermediate curves using high levels of side friction demand.”  
The 2004 Green Book further states that this adjustment for grade can be made by assuming a slightly higher design speed for the downgrade and applying it to the whole traveled way.  There are no guidelines as to how this adjustment should be made for two-lane or multilane undivided roadways.  More definitive guidance on this adjustment, as well as adjustment for other elements of the horizontal curve, is needed.

IV. LITERATURE SEARCH SUMMARY
See information about NCHRP Report 439 in research problem statement above.

Dr. Ronald Eck at West Virginia University has performed similar research work for the West Virginia Department of Transportation. His research report indicates there are many unanswered questions and the models developed in his work need to be critically reviewed and further enhanced, including consideration of vehicle dynamics.

V. RESEARCH OBJECTIVE
The objective of this research is to develop superelevation criteria for horizontal curves on steep grades. Other criteria associated with design of horizontal curves such as tangent-to​ curve transitions, spiral transitions, lateral shift of vehicles traversing the curve, need for pavement widening, and minimum curve radii should also be considered in the development of the criteria. The criteria may be based on quantitative evidence obtained from theoretic considerations and simulations but should be supported by actual field observation.

The research should include a review of current practice, development of a work plan to achieve the research objectives, collection of data and other information, evaluation of effects of various alternatives and candidate criteria, and preparation of final criteria. The recommended criteria should be documented in the final report and also presented in a form that could be used by the AASHTO Technical Committee on Geometric Design in a future edition of the Green Book.

VI. ESTIMATE OF PROBLEM FUNDING AND RESEARCH PERIOD 
Total Funds Requested: $500,000;   Research Period: 18 months

VII. URGENCY, PAYOFF POTENTIAL, AND IMPLEMENTATION
This research topic was selected by the TRB Committee on Geometric Design, TRB Committee on Operational Effects of Geometrics, and the AASHTO Technical Committee on Geometric Design at their combined meeting in June, 2004 as one of the five highest priorities for research.  The research is needed immediately to fill a gap in current superelevation design policy.  The superelevation guidance will apply to high speed interchange ramp alignments on descending grades.  As such, the research findings will have applications in every State and not just to those with mountainous terrain.  Considering the research will apply to interchange movements, this research topic will be of use in the design of highways nationwide. 
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IX. PROBLEM MONITOR 
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