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ABSTRACT

Title of Dissertation: A GEOGRAPHIC INFORMATION SYSTEMS-
BASED MODEL FOR HIGHWAY DESIGN
OPTIMIZATION
Manoj Kumar Jha, Doctor of Philosophy, 2000
Dissertation directed by: Professor Paul Schonfeld
Department of Civil Engineering

Construction of a new highway requires selection of a minimum cost route,
which involves careful planning, design, right-of-way acquisition, and construction.
Selection of the most economical route is a complex process which depends on detailed
assessment of a number of factors including geographic features and damage to
properties and environment. A computerized highway design model can greatly assist
in evaluating several alignment alternatives, can save time and money, and can help in
making reliable decisions.

The proposed highway design models seek to minimize alignment-sensitive
costs subject to a set of design constraints. Previous studies on highway design
optimization had limited practical application due to a number of deficiencies. First,
cost functions were not formulated precisely, limiting the reliability of the solutions.

Second, the huge amount of manual data input prevented solution of the real size



problems. Third, the models were not able to work with real maps, thereby limiting
practical application.

This dissertation starts by investigating major cost components in highway
optimization and addressing inherent deficiencies in the existing optimization models
that limit their practical application. Geographic Information Systems (GIS) are
exploited and costs sensitive to geography are comprehensively formulated. GIS-based
algorithms are developed to compute right-of-way costs using spatial relations.
Mitigation of wetlands and floodplains is considered and a detailed earthwork-cost
formulation is developed. GIS-based methods are also developed to automatically
supply input data for alignment optimization, such as land-cost, land-use type, and
topography.

Genetic Algorithms (GA) are used for optimization due to their effectiveness at
searching in a continuous search space where numerous local optima exist. A bi-
directional communication link is established between the GIS and the GA to develop
an integrated model enabling continuous exchange of data during the optimization
process.

The models and algorithms are applied in a number of example studies including
studies using real maps and databases from Maryland. The results, including
applications of the proposed method to solve real problems, show significant
improvement over previous models. The computational efficiency of the proposed
models is also assessed. It indicates that problems of reasonable size can be solved on

personal computers.
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Chapter 1

Introduction

1.1 Background

Highway planning and design is a very complex process. The planners and
designers have to go through five key highway development stages (FHWA, 1997)
before highway construction is completed: 1) Planning, 2) Project Development, 3) Final
Design, 4) Right-of-Way, and 5) Construction (Figure 1.1). While these are distinct
activities, there is considerable overlap and coordination among professionals from
various disciplines who work together throughout the process, including designers,
planners, and real estate experts.

Since the flexibility available for highway design during the detailed design phase
1s greatly limited by the decisions made at the earlier stages of planning and project
development, careful planning is especially desirable at the beginning of the project,
when it can save much time and money. Historically, poor planning has resulted in
unnecessary delays in project completion. A delay in project completion often results in
additional costs. According to the Year 2000 Consolidated Transportation Program
(CTP) for the State of Maryland (MDOT, 1999), 57 major construction projects
experienced significant changes in project cost or scope, for a net increase of $297.6
million. The scope of 35 projects changed, which caused a net increase totaling $284.7

million.
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Figure 1.1. The Stages of Highway Development

The primary reasons mentioned for these changes are legislated changes in

program participation rates, more refined cost estimates, and changes in design and

environmental requirements. While legislated changes are generally unpredictable, other

factors can be studied by developing better mathematical models.

The objective of this study is to develop a model for designing cost effective
highway alignments while satisfying design and environmental requirements.
Application of such a model may clearly result in a significant benefit to the designers,
planners, and real estate professionals. It may also help minimize the changes in the

scope of the highway projects at later stages resulting in savings of millions of dollars.



1.2 Highway Planning Process

Highway planning process requires a comprehensive evaluation of future
conditions in the geographic region which may be impacted by the construction of a new
highway. For example, construction of a new highway may change the land accessibility
and land use pattern in the area of influence that need to be considered carefully.

For constructing a new highway we hope to select the minimum cost (or
maximum net benefit) path while satisfying all the constraints. The constraints may be
listed as follows:

1. Design Constraints:
e Design Speed
e Lane Width
e Shoulder Width
e Bridge Width
e Structural Capacity
e Horizontal Alignment
e Vertical Alignment
e Curve Length
e Grade
e Stopping Sight Distance
e Cross Slope
e Superelevation
e Vertical Clearance, and

e Horizontal Clearance






