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II.
PROBLEM TITLE


Updated Headlamp Design Criteria for Sag Vertical Curves
III.
RESEARCH PROBLEM STATEMENT

Headlamp sight distance is one of four design criteria for sag vertical curves and is the most often used of the four criteria.  The current criterion bases the length of a sag curve on the distance illuminated by a headlamp beam that diverges at 1 degree above the horizontal.  This criterion was developed in the late 1930s and has remained unchanged since except for a decrease in the headlamp height (from 2.5 to 2.0 ft in the 1965 Blue Book).  At the time the criterion was developed, the sealed beam headlamp was established as the standard headlamp system for U.S. vehicles and the sealed beam headlamp continued to be the standard headlamp into the mid-1980s.  However, starting in the mid-1980s, vehicle manufacturers began introducing changes in headlamp design with varying headlamp performance.  A more detailed research study is needed to update the sag curve sight distance criteria so that it reflects the performance of the modern vehicle fleet.
IV.
LITERATURE SEARCH SUMMARY

The initial headlamp design criteria for sag curves were developed primarily by Noble in the 1930s and 1940s (1, 2).  Recent research by Carlson and Hawkins (3) on minimum sign retroreflectivity identified how changes in headlamp technology have impacted elements of roadway infrastructure design.  Modern headlamps project less light above the horizontal plane than the sealed beam headlamps of yesterday.  Exploratory research by Hawkins (4, 5) into the impacts of headlamps on sag curve design has verified that the reduction in illumination above the horizontal plane impacts sag curve design.  That research indicated that the divergence angle (α) should be reduced from 1.0 to 0.75 degrees to provide a level of illumination on the pavement that is equivalent to the illumination level associated with sealed beam headlamps.  However, that research effort was unfunded and limited in its ability to address the full range of issues associated with the headlamp design criteria for sag vertical curves.  
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V.
RESEARCH OBJECTIVE

The objective of the proposed research is to evaluate the issues associated with sight distance on sag vertical curves and develop updated criteria that reflect the conditions associated with modern highways and vehicles.  Among the critical factors to be addressed are the performance characteristics of modern headlamps, appropriate headlamp illumination levels for sag vertical curves, and the relation between revised sag curve sight distance criteria and other sag curve design criteria.  Other sag curve design criteria should also be considered, particularly with respect to comparisons between the various criteria that may affect sag curve design.  The research results should provide specific recommendations for revisions to sag curve design criteria found in A Policy On Geometric Design of Highways and Streets, AASHTO, 2004.
VI.
ESTIMATE OF PROBLEM FUNDING AND RESEARCH PERIOD

Recommended Funding: $250,000
Research Period: 18 months
VII.
URGENCY, PAYOFF POTENTIAL, AND IMPLEMENTATION
The design criteria for sag curves have not been investigated in detail in over 60 years.  There have been significant changes in vehicle design/performance and in driver perception during the ensuing years.  It is appropriate to evaluate the current design criteria to determine whether the basis for design is still valid and whether improvements can be realized through revised design criteria.  Revised criteria could improve safety, operations, and/or reduce construction costs.  Based on the exploratory research conducted to date, it is expected that this research will produce recommendations for changes in the design criteria for sag curves.  The changes could be as simple as a reduction in the 1.0 degree α angle currently used to a more extensive change such as a new criteria based on a different concept for sag curves. 
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