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ABSTRACT

DETERMINING THE ITEMS THAT STRUCTURE BRIDGE MANAGEMENT

COMPONENTS AND THEIR RELATIVE WEIGHTS

Ensuring the optimal allocation of available resources between competing bridges is
difficult, especially when considering a combination of factors such as continual age related
deterioration, ever-increasing traffic demands, and limited resources to address preservation
and improvement needs. Optimally allocating funding is crucial since bridges are an
essential and expensive component of transportation networks.

Bridge Management Systems (BMSs) are commonly used tools that aid managers and
decision makers in establishing methods for optimizing available resources and determining
how to distribute funds between competing bridges. Recently, NCHRP Synthesis 397Bridge
Management Systems for Transportation Agency Decision Making investigated how
transportation agencies are using BMSs and the current state of bridge management practices.
The report identified concerns of inadequacy and ineffectiveness with bridge management
practices that base decisions solely on single value assessments such as Pontis’ Bridge Health
Index or the Sufficiency Rating, as found in the federally mandated National Bridge
Inspection Standards. Given the critiques in the NCHRP report and other literature related to
bridge management, it is evident there exists a need to pursue and develop alternative bridge
management practices and systems.

The overall purpose of this research is to investigate the concept of isolating the items

used to make up a single rating or index in an effort to categorize them under distinct bridge



management components such as structural condition, impact on public, and hazard
resistance. Each bridge management component has a defined objective as follows:

o Structural Condition - accurately access the structural adequacy of a bridge.

e Impact on Public - evaluate how bridge attributes affect the traveling public.

e Hazard Resistance - evaluate how bridge attributes and external factors affect the

vulnerability of a bridge concerning the probability of an extreme event as well as the
probability of failure during that event.

The specific objectives of this research are (i) to identify the appropriate items that make
up each of the aforementioned components and (ii) to determine the relative importance of
those items as represented by weighting factors. To achieve these objectives, the researcher
conducted a two-part survey seeking input from key bridge management personnel from State
DOTs, the Federal Highway Administration (FHWA), and other industry professionals and
experts. The first part of the survey identified the appropriate items and the second part
determined the relative importance of those items using a mathematical method called the
Analytic Hierarchy Process (AHP).

The primary contribution of this research is to provide bridge management engineers and
decision-makers with effective bridge management components, with well-defined objectives
and related items, which clearly identify and distinguish differences in bridge attributes that
may go unnoticed when using a single rating or index. This will especially be useful for State
DOTs and local agencies, like the Wyoming Department of Transportation, from which the
motivation for this research was adapted, who are developing BMSs and methods customized
to their particular needs. Upon establishing the bridge management components, by
determining the items that make up the components and their relative weights, transportation
agencies may utilize them in a variety of ways to conduct multi-criteria decision analyses that
complement their current bridge management practices, which in turn may better illustrate the

operation of bridges in their system.



The total number of respondents was 47, of which 32 were from 29 different State
transportation agencies. Of the 47 participants, only 27 contributed to the second part of the
survey. A major finding of this research was a result of several participant remarks about
with quantifying preservation and maintenance demands through the addition of a fourth
bridge management component. The preservation and maintenance component encompasses
items that are bridge elements, but may not contribute to the structural capacity of a bridge.
Given the degree of influence of adding a fourth component, further research is recommend
to confirm these findings and conclusions with a refined two-part survey similar to this

research study and possibly interviews or focus groups.
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CHAPTER 1: INTRODUCTION

This chapter provides a brief background discussion on the current state of bridge
inspection practices and bridge management. In addition, this chapter introduces the problem
statement along with the corresponding research questions, and concludes with the

motivation and purpose of this research.

1.1 BACKGROUND

Optimally allocating resources in order to maintain a safe transportation system is a key
objective of many transportation agencies. This is especially true under the current economic
environment of fixed or reduced revenue streams. A recent article in the American
Association of State Highway and Transportation Officials (AASHTO) Journal discussed this
point through the testimonies of representatives from several State Departments of
Transportation (DOTs) to the U.S. Department of Transportation (USDOT). DOT
representatives stated that the transportation system is severely underfunded and that
“legislation should provide adequate sources of revenue to pay for replacing or repairing
deteriorating and congested roads, bridges, and transit systems” (AASHTO, 2010, p. 1).
Many of the funding concerns are a result of the Federal fuel tax not being increased or
adjusted for inflation since 1993 (AASHTO, 2010). Fuel taxes support the Highway Trust
Fund, which in turn provides the capital for highway projects. However, since there has not
been an increase in fuel taxes since 1993, the Highway Trust Fund has not been able to keep
up financially with the needs and demands of the nation’s aging transportation system. Jack

Basso of AASHTO stated (AASHTO, 2010, p. 2):



"The Federal government has had to transfer money to the Highway Trust Fund to

meet basic maintenance needs. States are also beginning to dip into general funds for

transportation projects. If no new cash is found, current levels of Federal

transportation funding will be cut in half in Fiscal Year 2012.”

Construction and maintenance costs have continued to rise over the last decade (as
illustrated in Figure 1) and when combined with the aforementioned decline in revenue, the

result is a reduction in purchasing power (as shown in Figure 2). This makes it difficult for a

transportation agency to maintain, much less improve, their transportation networks.

The cost index is the average index for the States of Washington, California, Colorado,
Oregon, South Dakota, Utah and the FHWA. A baseline of 100 is used in 1987.
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Figure 1: Construction Cost Index from 1987 through Mid-2010 (WSDOT, 2010)
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Figure 2: Purchasing Power (AASHTO, 2009)

In addition to increases in the cost of construction and available funding decreasing, the
capacity demand on National Highway System (NHS) continues to increase. The NHS is a
part of the total highway system and “includes the Interstate System as well as other routes
most critical to national defense, mobility, and commerce” (Federal Highway Administration
(FHWA) and Federal Transit Administration (FTA), 2008, pp. 2-23). It makes up about 4%
of the miles of the total highway system, but carries about 45% of the total Vehicle Miles
Traveled (VMT) (Federal Highway Administration (FHWA) and Federal Transit
Administration (FTA), 2008). Furthermore, from 1995 through 2004 the volume of traffic on
the interstate highways increased by approximately 28% and the heavy truck traffic on those
highways has nearly doubled in the last 20 years and is expected to double again by the year
2035 (AASHTO, 2008). Such a high traffic volume, specifically heavy truck traffic, puts a
tremendous amount of strain on an ageing transportation network.

A significant increase in VMT and natural deterioration combined with a gap in funding

results in a steady decline in the condition of Nation’s transportation system. Construction of



a majority of the national interstate system occurred approximately 50 years ago. A vital and
expensive element of transportation networks are bridges. The “period of time on which the
statistical derivation of transient loads is based” (AASHTO, 2010, pp. 1-2) defines the design
life of a bridge. Per the AASHTO LRFD Bridge Design Specifications, the design life is 75
years, placing a large number of bridges in the last stage of their theoretical design life, as
illustrated in Figure 3 and Figure 4. Additionally, Figure 3 shows that the number of bridges
that are either Structurally Deficient' or Functionally Obsolete® increase in correlation with
their age, and thus the maintenance and rehabilitation needs increase as well. Structurally
Deficient and Functionally Obsolete, defined in the federally mandated National Bridge
Inspection Standards (NBIS) as discussed in more detail in Chapter 2, respectively describe a
bridge’s structural integrity and its effectiveness concerning current design and safety

standards.

LA bridge is Structurally Deficient if the NBIS condition rating of item 58, 59, 60 or 62 has a value of 4
or less, or if the NBIS appraisal rating of item 67 or 71has a value of 2 or less as seen in Table 6.

’A bridge is Functionally Obsolete if the NBIS appraisal rating of item 68, 69, or 72 has a value of
three or less, or if item 67 or 71 have a value of three as seen in Table 7.
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Figure 4: Age of NHS Bridges as of December 31, 2006 (Federal Highway Administration
(FHWA) and Federal Transit Administration (FTA), 2008)

Establishing a method that optimally allocates resources for maintenance, rehabilitation and

replacement of bridges is especially important since they are an essential and expensive



component of the NHS. With limited funds, a greater demand for use, and a transportation
system that continues to deteriorate with age, it is crucial that transportation agencies have an

effective decision-making process and available tools to manage their network of bridges.

1.2 BRIDGE INSPECTION

In order to make well-informed decisions about the allocation of resources between
competing bridges, it is imperative that decision-makers know the condition and recognize
characteristics of the bridges they oversee. Currently all 50 states use the National Bridge
Inspection Standard (NBIS) to determine and record bridge condition and characteristic
information. The NBIS provide a standard format for the inspection and recording of
bridges, and encompasses a large range of structure types (steel girder, concrete girder,
timber, etc.) and functions (river crossings, railroad crossings, overpasses, etc.). Using this
standard system provides a level of consistency in inspection and recording between states
across the nation, however it “depends on the skill and training of the certified bridge
inspectors” (FHWA). The regulatory Federal code that governs the NBIS is Title 23, part
650, subpart C (23 CFR 650C). Chapter 2 provides more information about the NBIS,
National Bridge Inventory (NBI), the current state of bridge management, and how the
Federal Highway Administration (FHWA), State DOTSs and other local agencies that own and
are responsible for the inspection of bridges currently utilize them.

Each State has a transportation department or agency that inspects and manages both on-
system and off-system bridges within its State. The outlined distinction between on-system
and off-system varies between agencies, but in general on-system bridges are bridges owned
by the State itself (i.e. interstate bridges) and off-system bridges are bridges owned by other
local government agencies such as counties and municipalities. It is ultimately the

responsibility of the State agency to ensure that both on-system and off-system structures



meet Federal requirements using the NBIS and to report inspection results to the FHWA by
means of the NBIl. The FHWA uses those inspection results, by means of the Sufficiency
Rating, to allocate funding for construction of new bridges as well as maintenance and
rehabilitation of existing bridges. Appendix B of the FHWA Recording and Coding Guide
defines the Sufficiency Rating as “a method of evaluating highway bridge data by calculating
four separate factors to obtain a numeric value which is indicative of bridge sufficiency to
remain in service” (FHWA, 1995, pp. B-1). Chapter 2 includes a more in depth discussion on
the Sufficiency Rating. Bridge section managers, maintenance engineers, and other
stakeholders determine and rank bridge preservation and improvement work based inspection
data. Their decisions and rankings are established using several items that include, but are
not limited to the structural condition, impact to the user if the structure were out of service,
its vulnerability to hazards, available funding, and the strategic plan of the DOT (Markow &
Hyman, 2009).

NCHRP Synthesis 397 discusses how the recent collapse of the 1-35W Bridge in
Minneapolis made transportation agencies across the country scrutinize how they inspect,
manage, and fund bridges in their transportation network. Accuracy and reliability of bridge
inspection reports is a specific issue that generated debate about agencies adopting a new way
of inspecting and reporting the current structural condition of a bridge. In addition, the report
notes a lack of understanding of what it m