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PARTI

Background

he objective of this publication is to document the efforts leading up to and resulting from

the Strategic Geometric Design Research Needs Workshop held in Williamsburg, Virginia,
in July 2004. This workshop was a joint effort by three committees—the Transportation
Research Board’s (TRB’s) Geometric Design Committee (AFB10) and Operational Effects of
Geometrics Committee (AHB65), and the AASHTO Technical Committee on Geometric Design.
This document also contains research problem statements organized in a prioritized and
chronological order for possible use as a long-range geometric design research program by
agencies such as AASHTO, FHWA, and other research sponsoring agencies.

From a broad perspective, the responsibilities of a TRB committee are to (a) peer review
research findings, (b) facilitate presentation and publication of research results in circulars and
records, and (c¢) identify what needs to be pursued in the area of committee specific research. To
further facilitate the final charge, committees are encouraged to submit research problem
statements to funding agencies for consideration at the beginning of each year. In the case of
geometric design, the primary funding agencies have been AASHTO, which funds research
through the NCHRP, the FHWA, and individual state departments of transportation (DOTs).

Both TRB committees have a subcommittee that is responsible for developing, collecting,
and organizing research needs and problem statements from committee members, volunteers,
other committees with similar scopes, outside peer groups (e.g., AASHTO, ITE, ASCE) and
international stakeholders. Each subcommittee works to continually update and prioritize the
submitted problem statements, communicate research priorities to the groups listed above, and to
share the findings of research relevant to the each committee.

The TRB Geometric Design and Operational Effects of Geometrics Committees and the
AASHTO Technical Committee on Geometric Design met jointly in the summer of 2002 in
Santa Fe, New Mexico. At that meeting, the group participated in a joint 1-day brainstorming
session on research issues and priority research topics organized under the chapter headings of
AASHTQO’s 4 Policy on Geometric Design of Highways and Streets (Green Book). After the list
of topics was generated, there was discussion regarding the need to develop the list into more
than just topics, but into actual problem statements. A 100- to 120-person workshop (similar to
the “Beyond the Green Book™ workshop held in Texas in 1987) involving organizations and
committees such as the ASCE, the National Association of County Engineers (NACE),
AASHTO, the Geometric Design Committee, and the Operational Effects of Geometrics
Committee was considered as one alternative to generate these problem statements. TRB and
AASHTO formed a steering committee to investigate how such a workshop could best be
conducted.

A draft plan of a workshop that would facilitate establishing a “framework for research
that will improve the geometric design of highways and streets in the 21st century” was
presented by the steering committee to the Geometric Design Committee and the Operational
Effects of Geometrics Committee at the 82nd Annual Meeting of TRB in 2003. Representatives
of the AASHTO Technical Committee serving on the steering committee were also present. The
research topics developed at the 2002 midyear meeting, as well as a set of papers that would
introduce the topics (combined under a specific heading) and identify research gaps and
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recommendations for future work, would serve as the starting point of the workshop. Members
from the two TRB committees (Geometric Design Committee and Operational Effects of
Geometrics Committee) and the AASHTO Technical Committee, along with FHWA and other
professionals with expertise in geometric design would meet for 1.5 or 2 days to develop
recommendations for a geometric design research program over the next 10 to 15 years. The
entire effort would be documented in a final report to serve as the long-range Geometric Design
Research Program. The three committees decided to hold the workshop in conjunction with their
2004 midyear meetings in Williamsburg, Virginia.

WORKSHOP PLANNING AND DEVELOPMENT OF AGENDA

The steering committee led the effort of workshop planning, preparation, and agenda
development. The steering committee was made of representatives of all interested parties:

e John Mason, Steering Committee cochair;

o Joel Leisch, Steering Committee cochair;

e James Brewer, AASHTO Technical Committee on Geometric Design representative;

e James Bonneson, Operational Effects of Geometrics Committee member and
volunteer;

o Ray Krammes, FHWA and Operational Effects of Geometrics Committee
representative;

o Christopher Poe, Operational Effects of Geometrics Committee representative;

e Brian Ray, Geometric Design Committee representative;

e Seppo Sillan, FHWA representative; and

e Larry Sutherland, Geometric Design Committee representative.

The steering committee used input regarding general scheduling, possible conflicts, and
logistics to determine that the workshop would be a 1-day meeting with the following general
format:

e Morning session: White papers would be presented on major topics (to be determined
by the steering committee) developed jointly by several authors representing the research,
practitioner, and agency perspectives. Approximately 30 min per topic.

e Breakout groups: Discuss fundamental research needed on each topic, time needed,
and approximate cost of research. Breakout leaders deliver a 10-min presentation of the findings
of their group.

e Action plan: Entire group develops an action plan to achieve consensus on needed
research, prioritize needs, and develop a chronology for accomplishing the research. Group also
makes recommendations on the next steps to be pursued (such as the development of problem
statements or the publication of an E-Circular).

The basis for the white paper topics was to list the priority topics developed at the Santa
Fe brainstorming session. Subsequent to the Santa Fe meeting, the topics had been organized
under two major headings: Design Controls and Elements and Facility Types. A survey for each
major heading was sent to all possible workshop participants and other topical experts. These

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/23212

Geometric Design Strategic Research

Part I: Background 3

TABLE 1 Research Topic Voting

No. Problem Statement Title AASHTO TRB Total

Votes Votes Votes
1 Median Design and Barrier Issues in Urban and Rural
. 13 15 28
Environments
2 Performance-Based Geometric Design Analysis 7 17 24
3 Multimodal Highway Design for “Complete Streets” 6 17 23
4 Investigation of Alternative Geometric Highway Design 3 12 20
Processes
5 Horizontal Curve Design Philosophy 4 14 18
6 Right-Turn Interactions and Channelized Right-Turns 5 11 16
7 Ramp and Interchange Spacing 9 7 16
8 Transition Zone Design 5 9 14
9 Ramp Design as a System 3 11 14
10 Safety and Operational Tradeoffs of Freeway Lane and 4 9 13
Shoulder Widths
11 Safety, Operations, and Usability Tradeoffs of Road User ) 1 13
Groups
12 Safety and Operational Impacts of Four- and Six-Lane Cross- 3 4 12
Sections with Raised Versus Two-Way Left-Turn Lanes
13 Superelevation Criteria for Steep Grades on Horizontal Curves 7 11
14 Geometric Design Guidelines for Major Intersection 4 7 11
Alternatives to Accommodate Multimodal Users
15  Design, Safety, and Operational Considerations of Pedestrian
: 3 7 10
Treatments at Intersections
16  One- and Two-Lane Loop Ramp Design 5 4 9
17 Effectiveness of Midblock Crossing Treatments 0 7 7
18  Intersection Design to Accommodate Pedestrian Crosswalk 4 ) 6
Cross-Slopes
19 Guidelines for Provision of Sidewalks 4 1 5
20  Safety Effects of Intersection Skew Angle 4 1 5
21 Accommodating Bicyclists on Rural Highways 3 0 3
22 Safety and Operational Effects of Angle Versus Parallel Parking 2 0 2

surveys were intended to further refine the Santa Fe list and determine the focus of the workshop
white papers. The results of the surveys indicated that the technical white papers should be
prepared on these topics:

Combinations of design controls/elements;
User and vehicle controls;

Rethinking the design process;

Rural highways;

Freeways and interchanges;

Intersections; and

Urban streets.
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The primary objectives of the white papers were to review previous research on the topic
and indicate basic research gaps. These papers were presented during the morning session of the
workshop and served as the basis for the breakout sessions and the development and
prioritization of research needs.

At the conclusion of the breakout group session, strategic planning participants were
asked to vote for short-term research needs. Short-term research needs were considered the
“highest” priority with immediate pay-off. Detailed problem statements would be prepared at the
conclusion of the strategic planning workshop and be included in the next submission of problem
statements to the NCHRP. It should be noted that 56 workshop attendees participated in the
voting. AASHTO members (22 present) votes were counted separately from the TRB committee
members votes (34 present). Each participant was instructed to cast a total of five votes, one each
for a topic that they considered a research priority. A list of all 22 problems statements are shown
in Table 1 along with the number of votes cast for each research topic. The problem statements
are provided in Part III of this document.
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PART II

Research Implementation Plan

he Strategic Geometric Design Research Needs workshop in Williamsburg, Virginia,

considered five research topics the “highest” priority. This meant that research problem
statements would be prepared immediately after the workshop and these statements would be
submitted to the NCHRP for consideration in the FY2006 research program. The remaining 17
topics would be considered in future funding cycles (and could also be considered by alternative
funding sources such as the FHWA or others) as they represent “high” priority research needs.
The five highest priority research topics were:

Median design and barrier issues in urban and rural environments;
Ramp and interchange spacing;

Right-turn interactions and channelized right-turns;

Superelevation criteria for steep grades on sharp horizontal curves; and
Performance-based geometric design analysis.

As noted previously, the five highest priority problem statements were submitted to
NCHRP for consideration in the FY2006 research program. The “Median Design and Barrier
Issues in Urban and Rural Environments” and the “Performance-Based Geometric Design
Analysis” projects were selected for funding by NCHRP and designated as projects 22-21 and 15-
34, respectively. The “Ramp and Interchange Spacing” and “Superelevation Criteria for Steep
Grades on Horizontal Curves” are included as contingency projects in the NCHRP FY2006
program but funds were not available to address these projects.

Table 2 provides a legend for the proposed implementation plan shown in Table 3. Table 4
is a proposed research sequence plan for the entire strategic geometric design research needs
program.

TABLE 2 Problem Statement Identifiers Legend for Implementation Plan (see Table 3)

Geometric Design Research Categories Research Program Sequence
M = Methodology A = Near Term Phase

C = Criteria B = Second Phase

H = Highways C = Third Phase

S = Streets D = Fourth Phase

I = Intersections

F = Freeways and Interchanges
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TABLE 3 Proposed Research Implementation Plan

Problem Estimated Estimated
Statement Research Topic(s) Funding Project Duration
Identifier Level ($) (months)
M/A Performance-Based Geometric Design Analysis 600,000 36
M/B/C/D | Investigation of Alternative Geometric Highway Design

Processes (three projects) ~4,000,000 >36
Project 1: Critical Review of Geometric Design Policy
Formulation 250,000 18
Project 2: AASHTO Design Model Research (seven parts) ~3,000,000 >36
e Part 1: AASHTO Horizontal Curve Model 750,000 36
e Part 2: Roadside Design Criteria in Urban Environments 500,000 36
e Part 3: Urban Cross-Section Design Values 500,000 24
o Part 4: Relationship of Level of Service to Substantive
Safety 750,000 36
e Part 5: Influence of Geometric Design Dimensions on
Highway Maintenance 300,000 24
e Part 6: Discretionary Decision Making, Tort Law, Risk
Management—Synthesis of State Practice 200,000 18
e Part 7: Sight Distance Criteria 300,000 24
Project 3: Alternatives to Current Design Process 500,000 36
C/A Superelevation Criteria for Steep Grades on Horizontal Curves 300,000 24
C/B Horizontal Curve Design Philosophy 1,500,000 48
Median Design and Barrier Issues in Urban and Rural
H/A Environments 800,000 42
H/B Transition Zone Design 500,000 30
H/C Accommodating Bicyclists on Rural Highways 350,000 36
Safety and Operational Impacts of Four- and Six-Lane Cross-
S/A Sections with Raised Versus Two-Way Lefi-Turn Lanes 350,000 30
S/B Effectiveness of Midblock Crossing Treatments 250,000 27
S/C Guidelines for Provision of Sidewalks 500,000 24
Safety and Operational Effects of Angle Versus Parallel
S/D Parking 275,000 30
VA Multimodal Highway Design for “Complete Streets” 300,000 24
I/'B Right-Turn Interactions and Channelized Right-Turns 500,000 24
I/C Safety, Operations, and Usability Tradeofts of Road User Groups 500,000 30
Geometric Design Guidelines for Major Intersection
I/C Alternatives to Accommodate Multimodal Users 400,000 30
Design, Safety, and Operational Considerations of Pedestrian
I/C Treatments at Intersections 300,000 24
Intersection Design to Accommodate Pedestrian Crosswalk
I/C Cross-Slopes 500,000 24
I/'D Safety Effects of Intersection Skew Angle 400,000 36
F/A Ramp and Interchange Spacing 500,000 30
F/B Ramp Design as a System 500,000 36
F/C One- and Two-Lane Loop Ramp Design 350,000 18
Safety and Operational Tradeoffs of Freeway Lane and
F/D Shoulder Widths >$500,000 >36
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Part II: Research Implementation Plan

TABLE 4 Proposed Research Program Sequence
(Corresponding Numbers for Problem Statements in Part III Shown in Parenthesis)

Research Research Sequence
Categories A B C D
Peformance based | R
Methodology | Geometric Design . . Continued Continued
Analysis (2) Highway Design
Processes (4)
o Superelevation Criteria Horizontal Curve
Criteria for Steep Grades on Design Philosophy (5)
Horizontal Curves (13) g Py
Med.l an Demgn anq . . Accommodating
. Barrier Considerations in | Transition Zone L
Highways . Bicyclists on Rural
Urban and Rural Design (8) Highways (21)
Environments (1) ghway
Safety and Operational Safety and
Impacts of Four- and Effectiveness of Guidelines for Operational
Six-Lane Cross-Sections . . .. Effects of Angle
Streets . . Midblock Crossing Provision of
with Raised Versus Two- Treatments (17) Sidewalks (19) Versus Parallel
Way Left-Turn Lanes Versus Back-in
(12) Parking (22)
Safety, Operations,
and Usability
Tradeofts Between
User Groups at
Intersections (11)
Geometric Design
Guidelines for Major
Intersection
Mul.t 1m0da}‘H1ghway Right-turn Interactions ﬁlcts(r)nrgg\gesaiz Safety Effects of
Intersections Design for “Complete and Channelized : Intersection
Streets” (3) X Multimodal Users
Right-turns (6) (14) Skew Angle (20)
Design, Safety, and
Operational
Considerations of
Pedestrian Treatments
at Intersections (15)
Intersection Design to
Accommodate
Pedestrian Crosswalk
Cross-slopes (18)
Safety and
. One- and Two-Lane Operational
Freeways and | Ramp and Interchange Ramp Design as a Loop Ramp Design Tradeoffs of
Interchanges | Spacing (7) System (9) (16) Freeway Lane
and Shoulder
Widths (10)
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PART III

Research Problem Statements

MEDIAN DESIGN AND BARRIER CONSIDERATIONS FOR
HIGH-SPEED DIVIDED HIGHWAYS IN RURAL AND URBAN AREAS

Research Problem Statement

AASHTO?’s Roadside Design Guide (RDG) contains median barrier warrant criteria. The existing
criteria consider both median width and average daily traffic volumes as decision-making variables
and have not changed since the 1970s. NCHRP Project 17-14: Improved Guidelines for Median
Safety is using roadway cross-section and crash data to evaluate the appropriateness of these
criteria. The RDG also contains guidelines regarding longitudinal barrier type and placement
guidelines for median applications; however, additional guidance is needed to determine which
median barrier systems are most cost-effective given a set of field parameters.

The AASHTO’s Green Book also contains general median width and median side-slope
design guidance that has remained unchanged for many years. Since the vehicle fleet, travel
speeds, and traffic volumes have changed dramatically, there is a need to better understand the
vehicle dynamics associated with median crossover crashes on high-speed highways in rural and
urban areas. Design guidance is needed to supplement median barrier warrant criteria to include
the influence of horizontal and vertical alignments; the presence, configuration, and traffic
characteristics of interchange entrance ramps; and variations of median side slopes on median-
related crashes. For instance, it is important to know if flattening median side slopes reduces the
frequency and severity of single-vehicle median-related crashes at the expense of increasing the
frequency and severity of multiple-vehicle median-related crashes (i.e., crossover crashes).
NCHRP Project 17-14 conducted a before-after evaluation of slope flattening projects in one state;
however, a larger sample of depressed median cross-section designs and profiles should be
considered. The influence of median surface conditions (e.g., soil type, wet or snow-covered
conditions, landscaping) and drainage in depressed medians has not been evaluated and should also
be considered to enhance the design-decision process.

In addition to the design guidelines cited, there is a need to better understand median
barrier type and placement decisions. Once all of the median design-safety parameters are well-
understood, benefit-cost ratios of barrier type and placement guidelines would assist designers in
making cost-effective decisions.

In summary, an application tool [Roadside Safety Analysis Program (RSAP)] is available
for designers to assess roadside safety design decisions. A similar tool, however, is not available
for assessing the cost-effectiveness of median design and barrier installation decisions. Median
barrier warrant criteria have been developed to assist designers in determining the need for
longitudinal barrier to prevent median crossover crashes. These criteria should be supplemented
with additional guidelines that can be used by engineering professionals to determine the safety
and cost-effectiveness of various design alternatives on high-speed divided highways.
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Literature Search Summary

Research efforts that are either completed or are currently underway that relate to the problem
statement include

e NCHRP Project 17-14: Improved Guidelines for Median Safety. This project is using
median cross-section and crash data to assess the efficacy of the existing median barrier warrant
criteria contained in the AASHTO RDG.

e NCHRP Project 17-11: Determination of Safe/Cost-Effective Roadside Slopes and
Associated Clear Distances. While this effort is focused on the roadside area to the right of the
travel lanes, its applicability to medians on divided highways should be considered. The objective
of this research is to develop relationships between recovery-area distance and roadway and
roadside features, vehicle factors, encroachment parameters, and traffic conditions for the full
range of highway functional classes and design speeds.

e NCHRP Project 22-12: Guidelines for the Selection, Installation, and Maintenance of
Highway Safety Features. The objective of this research is to develop improved guidance for the
selection, installation, and maintenance of highway safety features based on the performance
concept. Specifically, the research will address

— Selecting the appropriate highway-safety feature given the characteristics of a
site,

— Installing highway safety features,

— Maintaining highway safety features to ensure effectiveness over time, and

— Upgrading existing highway safety features and justifying design deviations or
field modifications. This effort was focused primarily on roadside features to the right of
the travel lanes and not on the median of divided highways.

e NCHRP Report 492: Roadside Safety Analysis Program—Engineers Manual. This
project developed a program to evaluate the cost-effectiveness of roadside safety features. It is
intended for single-vehicle run-off-the-road crashes and is not suitable for determining cost-
effective median design and barrier installation decisions.

e An FHWA Report (FHWA-RD-97-106), Statistical Models of Accidents on
Interchange Ramps and Speed Change Lanes, suggests that ramp traffic volumes explain much of
the variability in crashes at interchange locations. The area type, mainline traffic volume, ramp
configuration, and ramp—speed change lane lengths were also considered in the analysis.

e Several state transportation agencies, including California, Florida, North Carolina,
Pennsylvania, and Washington have conducted safety and cost-effectiveness evaluations of median
crossover crashes. Although these efforts have focused primarily on median width and traffic
volumes, they do contain median-involved crash statistics.

Research Objective

One objective of this research is to determine the influence that various median design variables
have on safety. Horizontal and vertical alignment, interchange presence, median width, traffic
volumes, and median side slopes must all be considered. Median soil conditions and landscaping
should also be considered in the research. It is envisioned that statistical modeling, simulation, and
other experimental methods should all be considered as viable research methodologies. Economic
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evaluations should be considered to verify that the analytical outcomes are feasible. Practitioners
would then be able to assess the safety trade-offs of various design decisions.

A second objective is to determine the safety and cost-effectiveness of various median
barrier type and placement guidelines. Future research should clearly outline the economic
feasibility of various barrier installations given a set of field parameters. For instance, it is
important that barriers be located such that when redirecting vehicles, a subsequent high-speed
crash does not occur. Practitioners would also benefit from guidelines outlining how various
barriers performed during impact given a set of field conditions (e.g., median cross-section design,
weather conditions, landscaping, etc.). A systematic procedure for designers to make median
barrier type and placement decisions is needed.

To accomplish the research objectives, the following tasks should be completed:

e Task 1: Literature review of previous research to identify design variables that
influence median safety, statistical models of median-related crashes, roadside safety guidelines,
and median barrier performance information.

e Task 2: Describe methods that could be used to better understand the dynamic
associated with median-related crashes as they relate to median design variables, traffic
characteristic and/or driver performance. Include methods for crossover crashes and single-vehicle
crashes with median barriers, rollovers, and other crash types. A procedure to identify the
frequency of median excursions that do not result in a reportable crash should also be considered.

e Task 3: Describe methods that could be used to improve guidance related to median
barrier type and placement guidelines. Possible methods include an in-service performance
evaluation or cost-effectiveness analysis using safety and roadway inventory data, among others.
All of the approved barrier in the AASHTO RDG should be considered as should other barrier
systems that are gaining nationwide appeal (e.g., Brifen Wire Rope Safety Fence).

e Task 4: Prepare a work plan, with estimated costs, that outlines the various methods
being considered. This includes, but is not limited to, vehicle simulation, field data collection and
analysis, finite element modeling, and cost-effectiveness evaluation. The intent of this task is to
provide the panel with information that can be used to determine which evaluation methods are
most feasible for the project.

e Task 5: Submit an interim report to the panel containing all of the elements described
in Tasks 1-4. Meet with the panel to review the report and discuss the second project phase.

e Task 6: Execute the work plan that is agreed to by the panel.

e Task 7: Prepare and submit a draft final report outlining the findings of the research.
This document should contain a decision-making methodology that practitioners can use to
evaluate various median designs, including barrier type and placement guidelines. Case studies
describing the performance of various median barrier systems should also be included, especially
for those barrier systems that are not yet included in the AASHTO policy.

e Task 8: Meet with the panel to discuss the draft final report and findings from the
research.

e Task 9: Submit the final report.
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Estimate of Problem Funding and Research Period
Recommended Funding

It is anticipated that the research outlined in Task 5 above would cost approximately $800,000.
This includes $500,000 to accomplish the first objective and $300,000 to accomplish the second
objective.

Research Period
It is anticipated that the research described would take approximately 42 months to complete.
Urgency, Payoff Potential, and Implementation

The urgency and potential payoff of this research is very high. Various state transportation
agencies are being pressed to consider revised median designs or installation of median barriers on
divided highways to prevent severe, high-speed median-related crashes. Although NCHRP Project
17-14 is intended to update the existing AASHTO RDG median barrier warrant criteria, there is
additional research needed to supplement the revised warrants. The economic benefit of preventing
median-related fatalities could be very high if a systematic procedure is developed to assist
designers in determining where longitudinal a barrier should be located once the decision is made
to install it.

It is recommended that this research develop a protocol that designers can use to evaluate
median design and median barrier placement decisions. This procedure should be included in the
AASHTO RDG and could also be included in future versions of the RSAP.

Problem Statement Development

e Eric T. Donnell, Pennsylvania State University;
e Kathleen A. King, Ohio DOT;

e Paul A. Dorothy, Burgess & Niple; and

e Don Arkle, Alabama DOT.

PERFORMANCE-BASED GEOMETRIC DESIGN ANALYSIS
Research Problem Statement

AASHTO’s Green Book includes a geometric design process to guide designers toward a range
of dimensional values for various features (e.g., curvature, grades, and traveled way widths). The
recommended range is usually specified through a single limiting value (i.e., maximum,
minimum), such as for bridge width, lane width, and radius. For some variables, upper and lower
values are suggested, as with normal cross-slope. The current geometric process is intended to
provide operational efficiency, safety, and comfort for the motorist.

For any given geometric design situation, many potential alternative solutions exist. In
evaluating the adequacy of a facility’s geometric features, designers and analysts often compare
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actual (existing) and proposed values to those recommended by the Green Book. Such
comparisons are often misinterpreted and misrepresented as indications of acceptable or optimal
design. In fact, these comparisons are usually too simple to allow any meaningful insights as to
how a facility will serve various user groups. In an era of context sensitive design/context
sensitive solution (CSD/CSS) and proactive public involvement, stakeholders and decision-
makers desire reasonable insights as to the results of selecting among different design choices.
The current design process does not quantitatively characterize future facility performance. A set
of tools is needed to more explicitly characterize the effects of geometric design factors on future
facility performance.

Literature Search Summary

The term or practice of “performance-based geometric design analysis™ has not been the subject
of previous research. However, the term lies at the convergence of both public policy and
engineering trends that have been studied extensively. Within publicly funded functions, there is
an increasing demand for results (i.e., performance) rather than process. Hence, the principles of
performance-based systems (e.g., measurement) are amply reported in the literature.
Performance-based design systems are used for transportation structures and, as revealed by a
search of TRIS, numerous research studies have been published. The findings are not directly
related to the proposed research. There are a number of completed and ongoing geometric
analysis research projects that are relevant to the proposed research. The most notable of these
include development of Interactive Highway Safety Design Model (IHSDM) and the Highway
Safety Manual (HSM), funded by FHWA and NCHRP. This problem statement was developed
with full awareness of the IHSDM and HSM efforts and calls for coordination of the
performance-based geometric design analysis research with those activities.

Research Objective

The research project should produce: (1) a user’s guide for conducting geometric performance
analysis using available technology, and (2) a detailed plan for developing performance analysis
techniques and tools not currently available. Both products will address application to the project
development and geometric design processes. The analysis tools will be used by project design
teams (i.e., agencies, consultants) in conjunction with, or as part of, design policies (i.e., Green
Book, DOT design manuals).

Accomplishment of the project objective will require the following tasks:

e Task 1: Review and summarize literature and research related to development of
performance-based processes in other disciplines, transportation related and otherwise.

e Task 2: Identify performance characteristics of interest to transportation project
stakeholders and decision makers. Performance should be viewed broadly to include consideration
of pedestrians, motorized and nonmotorized vehicles, transit, special populations (e.g., disabled,
elderly), safety, mobility, design consistency, speed, land access, enforcement, and life-cycle costs.

e Task 3: Review completed research and summarize known relationships between
facility geometric elements and design values to performance. Indicate the quantitative and
nonquantitative methods of characterizing these relationships. Identify, assess and summarize the
capabilities and limitations of existing and developing analytic techniques and technologies to
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relate geometric design decisions to performance [e.g., IHSDM, Highway Capacity Manual
(HCM), HSM]. The assessment should cover the range of common facility types and elements
(e.g., multilane rural highways, intersections). Evaluate the usefulness of prediction tools for actual
design and analysis applications, with an emphasis on accuracy. Other characteristics to assess
include data requirements and user factors (e.g., technology, interface, expertise, license fees).

e Task 4: Evaluate current use of performance-based analysis in the project development
and design process (i.e., planning, programming, scoping, functional design, and final design).
Develop an outline for a guidance document on how performance-based geometric analysis using
currently available techniques and technologies can improve common state DOT processes (e.g.,
design exceptions, alternative evaluation).

e Task 5: Conduct a requirements analysis for a comprehensive performance-based
geometric design analysis system. Develop optional architectures to meet the identified
functionality requirements. The term “architecture” refers to the framework for constructing the
performance-based geometric design analysis system and how information is exchanged. Also,
assess how the comprehensive performance-based geometric design analysis system would be
applied to the project development process. Evaluate the feasibility of developing the capabilities
and identify critical issues that would need to be addressed or overcome to enable routine
application (e.g., data requirements, tort liability). Rank the various options in terms of technical
and technological feasibility, usefulness across the diverse range of DOT users and development
cost.

e Task 6: Prepare a draft interim report summarizing the results of Tasks 1 through 5.
The draft interim report will identify significant issues and detailed recommendations for
executing Tasks 8 through 10.

e Task 7: Meet with the panel to review the interim report. Following the meeting, the
panel will provide comments on the draft interim report and Task 9 direction. Prepare a final
interim report based on panel comments.

e Task 8: Expand on the Task 4 effort to produce a handbook-like publication for
practitioners. The publication should include presentation of performance-based analysis
techniques and also reference other applicable, commonly available techniques. Include examples.
Identify general characteristics and specific passages of the Green Book that should be revised or
augmented so that application of the Green Book and performance-based geometric design
analysis are complementary.

e Task 9: Develop a detailed plan for the development of one or two optional
comprehensive, integrated geometric-performance analysis architectures as designated by the
panel. Other aligned current and anticipated research should be recognized. At a minimum, the
analysis of architecture(s) should address

— Applicable facility types and elements,

— Performance characteristics and corresponding metrics,
— Maturity and accuracy of analysis techniques,

— Data requirements and sources, and

— Development cost.

Describe how incremental progress and final attainment of the performance-based
geometric design analysis capability is likely to affect the project development and geometric
design processes. Identify impacts that will be positive, negative, and unknown.

e Task 10: Prepare a draft final report describing how the project was conducted and
include two appendices: (1) a guide on how to conduct geometric-performance analysis using
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available technology, and (2) a plan for development of comprehensive performance-based
geometric design analysis system, to include one or two architectures and their respective strengths
and weaknesses. The second appendix will include an evaluation of how comprehensive
performance-based geometric design analysis capabilities should be incorporated into the project
development and geometric design processes.

e Task 11: Meet with panel to review the interim report.

e Task 12: Prepare a final report based on panel comments.

Estimate of Problem Funding and Research Period

Recommended Funding

$600,000.

Research Period

36 months.

Urgency, Payoff Potential, and Implementation

The research products are needed to reflect the current technical and policy realities of facility
design. The current geometric design process was developed for highways on new alignment and
with primary consideration of motorists. Current emphasis areas are CSD/CSS, consideration of
diverse groups and system preservation. The tools developed under the proposed project will
provide useful information from agency decision makers and stakeholders on the likely
consequences of various geometric design alternatives.

Problem Statement Development

Kevin Mahoney, Pennsylvania State University;
James O. Brewer, Kansas DOT;

James A. Bonneson, Texas Transportation Institute;
Nick Stamatiadis, University of Kentucky;

Mark B. Taylor, FHWA; and

R. J. Porter, Pennsylvania State University.

MULTIMODAL DESIGN TO CREATE “COMPLETE STREETS”
Research Problem Statement

There is increasing recognition that successful highway designs, and particularly successful
designs for urban streets, must effectively serve all transportation modes and provide an
appropriate balance among those modes. An effective street design must accommodate vehicles
and users of all types: passenger vehicles, trucks, pedestrians, bicycles, and transit. Facilities for
each transportation mode must be provided with the modes safely separated. Additionally, space
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must be provided for roadside hardware and underground and above-ground utilities. Further, the
design must fit within the context of adjacent development. Any street design that successfully
meets all of these needs can be referred to as a “complete street.”

The need for “complete streets” has been recognized, and much has been written about
the importance of multimodal considerations. However, there is little practical guidance on how
to effectively serve all transportation modes along the same facility or corridor. Most available
design guidance deals with design for a particular mode but not with how to serve the competing
needs of multiple modes.

Part of the challenge of creating multimodal design is to recognize that the mix of
transportation modes, and the priority that should be given to each, differs by functional class.
Thus, there is a need to determine the primary and secondary users of each highway functional
class and assess how best to serve the mix of users found on each class. Another challenge is
how to fit a complete street design into an existing environment with right-of-way and other
design challenges.

Literature Search Summary

A literature search has found extensive work on multimodal planning, especially on an area-wide
basis, but very little on multimodal design at the level of an individual facility.

Research Objective

The objective of the research is to identify the mix of users, including primary and secondary
users, that need to be served on various highway functional classes; to identify the types and
designs of facilities needed to serve each of those types of users; to develop examples showing
how those types of facilities have been or could be designed effectively as part of the same
corridor; and to present the results in the form of multimodal design guidelines for specific
highway functional classes. The first objective—identifying mixes of user on specific functional
classes—should address the full range of highway functional classes. The latter objectives could
also address a range of functional classes or could focus on selected functional classes of interest.

For specific functional classes, the research should develop examples of projects that
have effectively implemented multimodal designs and should highlight the features of those
designs that allow multiple transportation modes to be served both safely and effectively. The
research should also suggest new concepts that could be considered in future projects.

The design guidance developed should be both integrated and multimodal. The guidelines
should not discuss each transportation mode in separate chapters. An adequate amount of
separate material on each mode is available in other sources. Instead, the guidelines should focus
on fitting the individual modes together into an integrated facility that meets the needs of each in
a balance appropriate for the functional class of the facility. The guidelines should indicate the
expected operational and safety performance of alternative approaches to facility design.
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Estimate of Problem Funding and Research Period
Recommended Funding

$300,000.

Research Period

2 years.

Urgency, Payoff Potential, and Implementation

This research topic was selected by the AASHTO Technical Committee on Geometric Design
and TRB’s Geometric Design Committee and Operational Effects of Geometrics Committee at
their combined meeting in June 2004 as a priority issue from among a broader set of problems
considered. The research is needed to address an unresolved issue in highway geometric design.
The research results should be presented in a stand-alone document that can be used to
supplement existing design policies and manuals.

Problem Statement Development

Douglas W. Harwood, Midwest Research Institute.

INVESTIGATION OF ALTERNATIVE GEOMETRIC DESIGN HIGHWAY DESIGN
PROCESSES: STRATEGIC RESEARCH

Research Problem Statement

Accomplishing the design of a highway—its three-dimensional features (alignment and cross-
section) and appurtenances to provide for drainage, traffic control and safety, requires a well-
defined process. AASHTO and its predecessor, AASHO, developed a highway design process that
has been essentially unchanged since it was formalized in the 1940s. The current process can be
briefly outlined as follows.

e [t is dimensionally based, with design values for physical dimensions directly derived
from tables and charts.

e [t requires establishment of fundamental design controls including location, terrain,
and functional classification that represent the context in which the highway exists.

e It requires designers to make choices for other design controls from within
established ranges. These primarily include design speed and design traffic, which includes not
only volume but also type of vehicle.

e [tis based on selection of a design speed, and in some cases design traffic, other
physical dimensions are directly derived or obtained for minimum dimensions (e.g., lane width,
curve radius) and/or maximum dimensions (e.g., grade) as appropriate for the design controls
and assumptions.
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e Direct performance measures are in terms of mobility such as speed and level of
service. In many cases, costs versus benefits are also an integral part of the design process.
Safety is presumed through proper application of the process and technical guidance, but is
nonetheless an indirect outcome of the process.

e It relies on relatively simple mathematical design models as the basis for derivation of
dimensional values.

A Critique of the AASHTO Design Process and Models

There is an underlying philosophy and understanding about the design process and AASHTO
policies that should be understood. The design process and roles of highway design professionals
have long been viewed as being focused on providing the highest levels of mobility possible or
feasible. Within this framework, speed is viewed as a surrogate for quality. The implication is that
a well-designed highway is one that enables drivers to drive as fast as possible and hence to
minimize their travel times. Cost-effectiveness, and in particular, minimizing construction costs is
also central to execution of the process. Within this framework designers generally “design to the
minimum,” with the underlying assumption being the minimum is good enough, and anything
greater is inherently more expensive and hence not cost effective.

Design Models

During the past 60 years much has changed in the vehicle fleet, knowledge about driver
characteristics, and safety and operations. AASHTO has committed to continually update its
policies. Yet, for the most part, such updates have not altered the fundamental process or even, in
most cases, the basic design models. For example, the definition of design speed has changed, yet
its role relative to the fundamental execution of the process remains essentially unchanged from the
1940s. Design models for horizontal and vertical alignment [e.g., the AASHTO horizontal curve
and stopping sight distance (SSD) models] have undergone dimensional revisions over the years,
yet the fundamental model forms and assumptions (many of them simplifying) have not changed.
Mathematical simplifications driven by lack of information and/or ease of computing may no
longer be appropriate, and may result in suboptimal outcomes in the aggregate.

Construction Versus Reconstruction

In the 1930s and 1940s, continuing into the 1960s, most of the work performed by highway
engineers involved construction of highways on new alignment. While such work continues, for
the most part most highway agencies’ programs are heavily weighted to reconstruction or
rehabilitation, and not construction on new alignment.

Current design policy and processes treat new construction the same as complete
reconstruction. As is readily apparent, the two are inherently different in terms of the context in
which the designer is operating. Reconstruction along an existing alignment by definition means
retention of the basic alignment within existing right-of-way, with its possible expansion or minor
revision. In the former case, the constraints and controls that influence the design are fixed. Also,
there is (or should be) a known traffic operational and substantive safety record that may be
considered as part of the design decision-making process. For new alignments, there is no history
of operational performance; therefore, assumptions and reference to similar facilities or conditions
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in the area drive decision-making. However, designers are selecting a right-of-way from a wide
range of corridor choices. Under current policy, both new construction and reconstruction are
considered equivalent and treated identically according to AASHTO. It might appear that the
substantial differences between the two types of problems warrant their separation within the
design process.

Interdisciplinary Design Decision Making

The highway design process is now recognized as being intertwined with environmental and public
stakeholder input processes. Decisions involve investigation of options or choices, interaction with
other technical disciplines, and a collaborative approach to decision making. Design decisions are
increasingly seen as being interdisciplinary in nature, and not restricted to highway engineering or
civil engineering discipline.

Research Objective

There are many questions about the current design process. Two major questions exist:

e Within the current design process, what changes or updates are necessary to
incorporate the latest traffic operations and safety knowledge?

e Is the current design process moving forward? Or is there evidence that fundamental
changes related to public policy or other factors are needed?

The following program outlines research to address the two major questions by focusing
on design decision support (decision making):

e Does the structure of the current AASHTO policy formulation meet the needs of all
stakeholders?

e What gaps exist in the current Policies and how should those gaps be filled?

e Are there other model processes that may be more applicable and appropriate? If so,
what are the organizational, institutional, legal, and cultural issues associated with replacing the
current AASHTO formulation and how should these issues be addressed?

Project 1: Development of a Research Program to Refine Geometric Design Models and Process

Objective: Perform a critical review of the format, structure and basic assumptions included
in the AASHTO Policies governing geometric design of highways and streets. There is a
need to review and critique the structure of current AASHTO policy formulation to assure it meets
the needs of all stakeholders. The project should identify the current applicability of the source data
that was used a basis for the past research that formulated the AASHTO policies. Such policies
primarily include Green Book (/) and Roadside Design Guide (2), as well as the Guide for
Achieving Flexibility in Highway Design (3). The issues to be addressed through this research
include:

e Task 1: New construction versus reconstruction. As currently written, the AASHTO
Green Book (/) considers new construction and reconstruction to be similar in nature, and to be
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treated as new construction from the perspective of applicable design policy. Reconstruction of
existing highways is in many respects fundamentally different from highways on new alignment.
There is a need to revisit this policy assumption and make recommendations regarding retention,
development of separate policies for reconstruction, or revision to the formulation of design criteria
reflecting unique reconstruction issues.

e Task 2: AASHTO design models. There is both research and anecdotal evidence that
many of the AASHTO design models and assumptions within the design models are outdated,
overly simplistic or understood not to reflect actual traffic operations. Design models of interest
include the horizontal curve model, SSD model, passing sight distance (PSD) model,
maximum/minimum grade and length of grade models, minimum vertical curve length model,
cross sectional guidance, and roadside encroachment models. AASHTO presents basic geometric
guidance information inconsistently. In some cases (as with rural highway cross section and
roadside design guidance) traffic volume is a direct, core input 