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ABSTRACT

Condition Assessment of Concrete Bridge Decks using

Ground Penetrating Radar

Kien Dinh
Concordia University, 2014

Highway bridge structures play a critical role in transportation system. While one-
third of Canada’s 75,000 highway bridges have structural or functional
deficiencies and a short remaining service life; in the United States (US), as of
December 2013, more than 100 million m? of the total 360 million m? of concrete
bridge decks is either structurally deficient or functionally obsolete. To eliminate
that deficient backlog in US by 2028, it is estimated that an annual investment of
$20.5 billion would be needed and the largest portion of this expenditure would be

for bridge decks.

Condition assessment of concrete bridge decks provides required inputs for
programming deck maintenance activities. In both Canada and the United States,
the main approach to evaluate condition of bridge decks, as for other bridge
elements, is based on visual inspection. Although this approach may be effective
in finding external flaws such as cracks, scaling and spalls; it cannot detect
subsurface defects such as voids, internal cracks, delaminations, or rebar corrosion.
To overcome such limitation of visual inspection, this research aims at developing
a condition assessment system for concrete bridge decks based on nondestructive

evaluation (NDE) technology. In order to achieve that goal, three research
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objectives were identified: (1) study and select the most appropriate NDE
technology; (2) study methods for interpreting data of selected NDE technique;

and (3) develop bridge deck corrosiveness index (BDCI) from NDE output.

Ground penetrating radar (GPR) was found to be one of the most appropriate
technologies for inspecting concrete bridge decks subjected to corrosion-induced
deterioration. As for GPR data interpretation, two analysis methods are proposed
in this research. The first one is an integrated technique between the amplitude
method and visual interpretation with threshold calibration based on K-means
clustering. The second approach is a technique for analyzing time-series GPR data.
Based on correlation coefficient between A-scans, this technique assesses concrete
deterioration by studying the change of GPR signals over time. Expert opinions,
through a structured questionnaire survey, were used to develop and interpret
bridge deck corrosiveness index (BDCI) based on GPR output. After being
validated by several case studies, an automated software has been developed to
facilitate the implementation of the entire methodology. The developed system and
models will help transportation agencies to identify critical deficiencies and focus

limited funding on most deserving bridge decks.
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CHAPTER 1 INTRODUCTION

1.1 Problem Statement and Research Motivation

Highway bridge structures play a critical role in transportation system. Consequences
of highway bridge failure are usually catastrophic, both in terms of human life as well
as economic loss. While one-third of Canada’s 75,000 highway bridges have structural
or functional deficiencies and a short remaining service life (Lounis 2013); according
to the Federal Highway Administration (FHWA 2013), as of December 2013,
more than 100 million m? of the total 360 million m? of concrete bridge decks in the
United States is either structurally deficient (SD) or functionally obsolete (FO).
American Society of Civil Engineers (ASCE 2013) estimated that an annual investment
of $20.5 billion would be needed to eliminate the nation’s bridge deficient backlog by
2028. The largest portion of this expected expenditure is allocated to bridge decks
(Gucunski et al. 2013) in which rebar corrosion problem is one of the most concerns

(Gucunski 2013).

In Canada and the United States, the main approach to evaluate the condition of bridge
decks, as for other bridge elements, is based on visual inspection. The obtained
condition is then used to make decision for optimizing deck maintenance, repair and
rehabilitation (MR&R). Although visual inspection approach may be effective in

finding external defects, such as cracks, scaling and spalls; it cannot detect subsurface



flaws such as voids, internal cracks, delaminations, or rebar corrosion. This problem is
especially more obvious for paved deck structures. Another problem associated with
visual inspection is that inspection results are subjective to operators’ technique and

interpretation.

Many efforts have been made to solve the above problems using nondestructive
evaluation (NDE) technologies. Although successful application of these techniques has
been demonstrated through a number of research projects or case studies, NDE
technologies have not been widely accepted partially because of less than positive
experiences that may have occurred from unrealistic expectations or improper use
(Gucunski 2013). Most of research efforts have still aimed at verifying the capability,

or to compare the accuracy, of different NDE techniques.

1.2 Research Objectives

The ultimate goal of this research is to develop a condition assessment system for
concrete bridge decks subject to corrosion-induced deterioration, based on the most
appropriate NDE technology. In order to achieve that goal, the following study

objectives are carried out:

1- Identify, study, and select the most appropriate NDE technology.
2- Develop inspection framework and methods for data analysis.
3- Develop bridge deck condition index (BDCI) and automate its

implementation.



1.3 Research Methodology

Although detailed research methodology of this study will be described in detail in each

chapter, its overall schematic representation in Fig. 1.1 can be summarized including

the following steps.

Asset Management
and Bridge
Management System

v

Bridge Inspection
and Condition
Assessment

Literature Review

Nondestructive
Evaluation (NDE)
Technologies

v

Select Nondestructive
Evaluation (NDE)
Technique

v

Advantage and
Disadvantage
Analysis

v

Around Penetrating

Radar (GPR)

v

Study GPR Data
Interpretation
Methods

Develop GPR Inspection
System

Field Testing for
Validation (A Case

Questionnaire Survey

Develop Fuzzy
Membership
Functions

v

/ Bridge Deck

Corrosion Map

v

Bridge Deck Corrosiveness
_) g

Index Model Development

v

/ Bridge Deck

Corrosiveness Index

v

Study)
Notes:
C] Survey task
1 Main task
0 Sub-task
|  Task Output

Automated Tool
Development

Case Studies
Implementation

Fig. 1.1 Overall Research Methodology.




Step 1. Literature Review

This first step starts by extensive search of the literature regarding asset management,
asset condition assessment, bridge management system, bridge inspection, bridge
condition rating and nondestructive evaluation (NDE) technologies. The focus is
however placed on the last items, i.e., bridge inspection, bridge condition assessment,

and NDE techniques.
Step 2. Study and select the most appropriate NDE technique

In this step, based on studying principles and literature of various nondestructive
evaluation (NDE) technologies, the research identifies and selects the most appropriate
NDE technique for inspection of concrete bridge decks. Such selection is based on
analyzing advantages and disadvantages of each technology from the bridge deck

inspection perspective.
Step 3. Develop inspection framework

Through a real case study with extensive data for the selected NDE technology, the
inspection framework and data interpretation methods are studied, developed and

validated in this step.
Step 4. Develop Bridge Deck Corrosiveness Index

In this step, the method to obtain condition rating for concrete bridge deck based on
NDE output is studied. In the current research, that rating is termed Bridge Deck

Corrosivness Index (BDCI). This index uses the scale from 0 to 100, the same idea as



the California Bridge Health Index. However, it is developed based on fuzzy set theory
through a structured questionnaire survey to solicit opinions from bridge and NDE

experts.
Step 5. Develop a software for the proposed framework

In this last step, the software to automate the entire system is coded. This software will
help transportation agencies and NDE consulting firms to easily implement the
developed framework, from processing the inspection output to computation of bridge
deck corrosiveness index (BDCI). Finally, in order to illustrate its functionality, the

software is implemented for several real case studies.

1.4 Thesis Organization
This thesis consists of seven chapters as follows:

Chapter 1 highlights the research need by stating problem and research motivation. It
then introduces the research objectives and provides brief description of proposed

research methodology.

Chapter 2 proceeds with the literature review of bridge condition assessment. It first
provides an introduction about asset management in general and bridge management
system in particular. The focus is finally placed on bridge inspection and bridge
condition rating. The chapter is concluded by briefing the limitations of current

practices or research gaps.

Chapter 3 presents the research methodology in detail, which shows how data for the



selected NDE technology will be analyzed and how condition rating model will be

developed in this research.

Chapter 4 describes data collection for the questionnaire survey proposed in the research
methodology and NDE data collection for real concrete bridge decks as the case studies.
The case studies used in this research include one bare concrete bridge deck in New

Jersey, US and four asphalt-covered concrete bridge decks in Quebec, Canada.

Chapter 5 presents the implementation of the proposed models to the collected data, i.e.,
the responses obtained from the questionnaire survey and the NDE data for New Jersey
bridge deck. The final output will be a bridge deck corrosiveness index (BDCI) that

represents the overall corrosiveness of the deck structure.

Chapter 6 describes the automated tool (software) for implementing the system, i.e.,
GPR data analysis and condition rating model developed in this study. The software
implementation will then be illustrated through its application to four concrete bridge

decks in Quebec, Canada.

Finally, Chapter 7 concludes the thesis by highlighting the research contributions,

research limitations and future works.



CHAPTER 2 LITERATURE REVIEW

2.1 Asset Management

2.1.1 Definition of Asset Management

Asset Management (AM), as defined by USFHA (1999), is “a business process and a
decision-making framework that covers an extended time horizon, draws from
economics as well as engineering, and considers a broad range of assets”. The basic
idea of its approach is based on economic assessment of trade-offs between investment
alternatives, at both the project level and network level. USFHA (1999) also pointed
out three reasons behind the naissance of the asset management concept, including: (1)
changes in the transportation environment; (2) changes in public expectation, and (3)
extraordinary advances in technologies. Specifically, the transportation sector is
presently experiencing the highest ever users’ demands while at the same time it has to
maintain the huge number of on-going deteriorated structures. Under the condition of
limited financial resources, the public expects that transportation agencies make the
most effective investment decisions on their infrastructure assets and these decisions
have to be understandable and justifiable to them. Finally, the advances of computer
technology have made very complex analytical tools and techniques available for

realization of asset management ideology.

2.1.2 Asset Management Process

Schematically, the process for asset management is illustrated in Fig. 2.1 (USFHA,
7



1999), while verbally, this entire process can be described including the following steps:
Step 1. Specify agency’s missions

The AM approach recommends that transportation agencies should start managing their
assets by specifying, clarifying their missions as well as their assets’ goals and agencies’
policies. Once these questions are answered, the agency would know exactly what they

are trying to achieve and then what should be followed to achieve those goals.
Step 2. Acquire knowledge about asset inventory

This step is to help the transportation agencies know what assets they own and hold
responsible for. This knowledge is very important and has to be acquired before the

agencies can go any further in managing those assets.
Step 3. Acquire knowledge about assets’ condition & performance

It is clear that one cannot manage his/her assets when he/she does not know how the
assets are performing their intended functions. The situation is the same when it comes
to transportation asset management. Transportation agencies need to know clearly the
condition and performance of their assets in order to make effective management
decisions, guarantying the public’s value for money. This step can be considered the
most important stage in the asset management process since it provides the input for the

whole system, considering the well-known expression “garbage in, garbage out”.
Step 4. Alternative Evaluations and Program Optimization

Based on inputs provided in previous steps, transportation agencies will specify



investment alternatives at both the project level and network (system) level. These
alternatives will then be evaluated and compared with each other, while taking into
account the available budget, to determine the project priority order for program

optimization.
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Fig. 2.1 Generic Asset Management System (USFHA 1999).

Step 5. Select projects for short-term and long-term plans

This step is to select specific projects for implementation in the short-term, usually

within first five years of the program, and to select the projects that can be delayed for
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implementation later during the second half of the program.
Step 6. Program Implementation

All the projects that have been selected in the program will be deployed and
implemented in this step. The projects in the short-term plan will be selected before the
projects in the long-term plan. During this implementation, any changes from forecasted
constraints or environment will be taken into account, and the program as well as the

alternatives may be re-evaluated.
Step 7. Performance Monitoring

Finally, in this last step, performance of the assets will be monitored and assessed for
comparison with the agencies’ expectations. This feedback provides the input for the

first step of the next process and a new management cycle begins.

Above is the entire process of asset management referred from USFHA (1999). The
number of steps and specific descriptions of asset management processes may vary
among different literatures, however the basic ideas and processes are all the same. For
example, Vanier (2000) proposed six levels of implementation for asset management
using six “What” questions. Answering each of these questions corresponds to each step
in the entire management process. These six “What” questions include: (1) What do you
own, (2) What is it worth, (3) What is the deferred maintenance; (4) What is its
condition; (5) What is the remaining service life; and (6) What do you fix first. As can
be seen, these six “What” questions are a shorter version of the asset management

process previously described.

10



2.2 Bridge Management Systems

2.2.1 Definition of Bridge Management System

The bridge management system (BMS) is a particular domain of asset management in
general when the assets in question are bridges. Along with the pavement management
system, it is the most advanced asset management system that provides state-of-the-art
practices to transportation agencies all over the world. Hudson et al. (1993) defines
BMS as a rational and systematic approach to organizing and carrying out all activities
related to maintaining a network of bridges. The main goal of a BMS is to advise bridge
managers in making consistent and justifiable decisions regarding maintenance,
rehabilitation, and replacement (MR&R) of bridges and in identifying future funding
needs. These management decisions include both decisions made for an individual
bridge and decisions made for the entire network of bridges. And generally, they are
based on the benefits of the whole network rather than the benefits of the individual
bridge. At the network level, a BMS tries to establish optimal investment funding levels
and performance goals for an inventory of bridges, while at the bridge level it has to
identify the appropriate combinations of treatment scope and timing for each individual

bridge over its life cycle (Patidar et al. 2007).

2.2.2 Components of Bridge Management Systems

To perform their stated functions, Ryall (2010) suggests that bridge management
systems should include the following components: (1) Inventory; (2) Inspection; (3)

Maintenance; (4) Cost; and (5) Bridge condition. These five components will form the
11



database for the entire system. Information contained in the database will then be
processed by management control to select maintenance options. After implementation
of these chosen maintenance options, new output information will be updated to the

database.

There have been many bridge management systems being developed all over the world.
It should be noted that the specific structure of each of them varies and the decision-
making methodologies that they use may not be the same. Therefore, it is not the
intention of this section to describe the components of all available bridge management
systems in detail. Instead, the structure of one of the most commonly used BMS in
North America, Pontis (Robert et al. 2003), is selected for that purpose. Golabi and
Shepard (1997) described this BMS in great detail. As can be seen in Fig. 2.2, the main
information stored in the database of Pontis comes from inventory information and the
condition surveys. The other information needed in order for the system to work include:
MR&R costs; improvement costs; a set of interrelated models including the
deterioration model, MR&R optimization model, improvement optimization model,
and the model for integrated project programming. The brief description of how Pontis

1s built and how it works 1s as follows.

First, when a completely new bridge management system is constructed, all the
information about the bridges it manages will be collected and stored in its database.
This type of information is called inventory data, and for each bridge it typically

includes information such as owner, location, year of construction, year of rehabilitation

12



(if any), traffic volume, type of material, current condition and so on (Golabi and

Shepard 1997).
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Fig. 2.2 Components of Bridge Management System (Golabi and Shepard 1997).

Periodically, these bridges will be inspected using either visual detection or

13



nondestructive evaluation technologies to assess their condition. The results will be
updated and stored in the database to be available for data analysis. Although
nondestructive evaluations can be used, current BMSs are mostly based on visual
inspection to detect defects on bridges. The inspection is done on element basis and for
each element the BMS will record element quantity associated with each condition state.
Along with that, for each condition state of each element, the BMS will provide a list

of possible actions (Golabi and Shepard 1997).

Based on inspected condition states, deterioration and action effectiveness (feasible
action) models in Pontis will then be used to predict the future condition of each element
in both cases, i.€., no or some action is taken on that element (Golabi and Shepard 1997).
Specifically, if no action is taken, then only the deterioration model is needed to predict
the element future condition, otherwise both the deterioration model and action
effectiveness model are required. Basically, the action effectiveness model is the model
used to predict condition of an element right after a specific action is taken on that
element associated with a current condition state. So, in case there are some actions
taken on the bridge, the action effectiveness models will be used first to predict the
bridge’s condition immediately after performing those actions. Deterioration models

will be used after that to forecast condition of the bridge later on.

All the information available as described so far, along with cost data of feasible MR&R
actions, will provide the input for the MR&R optimization model. Pontis uses this

optimization model to recommend the best action for each condition state based on the
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least long-term cost criteria (Golabi and Shepard 1997). This optimization model is one
of the most important components of Pontis. Based on that, the scoping and timing of

the optimal intervention for each bridge in the network will be determined.

For a bridge that is functionally obsolete, in addition to MR&R actions, Pontis also
considers the possibility of bridge improvement (Golabi and Shepard 1997). Basically,
the difference between the MR&R actions and improvement action is that MR&R
actions only try to preserve as-built condition of the bridge while improvement actions
will absolutely enhance the bridge’s level-of-service. Normally, the improvement
option will cost more than the MR&R options however the benefits it bring back will
be the reduced cost of bridge users, safer traffic, and reduced traveling time due to the
detour. This type of cost will be calculated in Pontis using the user cost model. The
comprehensive cost-benefit analysis for improvement alternatives will be performed

using the improvement optimization model.

After all investment alternatives for an individual bridge, including MR&R options and
improvement options, have been generated, the final step will be programming
interventions for the entire bridge network. In Pontis, this task is implemented using the
integrated project programming module, or the network-level optimization model as it
sometimes may be called. Pontis uses the Incremental Benefit — Cost (IBC) technique
as its optimization method (Patidar et al. 2007). Its purpose is to select a subset of
candidate projects from a network-wide candidate list that is expected to maximize the

network benefits. The final outputs of this model and the entire system will include
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policies for the MR&R and improvement actions, priority order of projects listed in the

program, short-term work plan, long-term conditions, and predicted future needs.

Although being used by approximately 45 transportation agencies in the United State
and internationally (Smadi et al. 2008), Pontis is still being considered not a
comprehensive system. Most transportation agencies use the Pontis framework to
exploit its strength in recording and storing detailed element-level inspection data,
however for the project selection, they do not completely rely on Pontis’
recommendation. One of the main reasons is that Pontis prioritizes projects based solely
on cost—benefit analysis while ignoring other performance measures. An example can
be taken from a study done for the Kansas Department of Transportation (KDOT). The
purpose of the research was to explore whether KDOT should replace the current bridge
priority formula by the Pontis system as the method for prioritizing bridge
improvements and selecting bridges for major rehabilitation or replacement

(Scherschligt and Kulkarni 2003).

Specifically, at the time when the research was performed, KDOT used bridge priority
formula that was based totally on the National Bridge Inventory (NBI) rating, while
Pontis element-level inspection data had also been collected and available since 1994.
KDOT considered three following alternatives for integrating the Pontis system into the
prioritization of bridge projects: (1) Translating Pontis inspection rating to NBI rating;
(2) Calculating health indices from Pontis; and (3) Replacing the NBI bridge priority

formula with Pontis. After analyzing and comparing three alternatives, it was concluded
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that the most effective way for incorporating Pontis data into the bridge priority formula
is to calculate health indices (Scherschligt and Kulkarni 2003). Also, it was determined
that replacing the bridge priority formula with Pontis is unacceptable. The reason
pointed out was that the two approaches utilized totally different strategies for project
selection and as a result, the ranking of bridge projects by Pontis and by bridge priority
formula varied widely. While Pontis selects bridge projects with the highest benefit—
cost ratio, the bridge priority formula tends to select the projects with the most severe
bridge deficiencies. KDOT realized that although project selection based on cost—
benefit analysis is accepted by the bridge management community, it is difficult for
them to explain to the public when one of the main stated objectives of their BMS is to

guarantee the safety of the bridge to its users.
This section concludes by emphasizing the following findings:

1- Bridge management system is the most effective tool available for

transportation agencies to manage their bridge inventories;

2-  There is a need to build a comprehensive decision making methodology for
current bridge management systems that can integrate all performance

measures into the reasoning process; and

3- The bridge health or condition index is a very important performance
measure of bridge structure and it should play the main role in the reasoning

process mentioned above.
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2.3 Bridge Inspection

2.3.1 Deterioration of Concrete Bridge Decks

The need for bridge inspection comes naturally because of deterioration of bridge
structures. As stated in the research objectives, because this study focuses mainly on
reinforced concrete bridge decks, only deterioration processes associated with this
element type are described. It is known that deterioration of concrete structures is a
result of combined effects of many complex phenomena. Penttala (2009) classifies two
broad mechanisms of reinforced concrete bridge deterioration, namely, physically-
induced and chemically-induced processes. Specifically, he defines physically-induced
deteriorations are those processes caused by the factors such as freeze-thaw loads, non-
uniform volume changes, temperature gradients, abrasion, erosion and cavitation while
chemically-induced deteriorations happen because of carbonation, chloride ion, sulfate

and acid attacks or alkali-aggregate reactions.

With such a variety of mechanisms, the deterioration of most concrete bridge decks in
North America, however, is associated with corrosion of reinforcing steel bars that are
caused by the de-icing salt applied on bridges during winter or by salt in seawater for
structures built in marine environments (Qian 2004). In US alone, approximately 20
percent of the cost to rehabilitate its bridges is attributed to chloride-induced corrosion
(Al-Qadi et al. 1993). The following paragraphs are therefore dedicated for the

description of the corrosion-induced deterioration process.

According to Carino (2004), in newly constructed concrete structures, steel
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reinforcements develop a protective oxide film that provides a natural barrier to the
transformation of the iron to rust. This passive oxide coating film forms because of the
alkaline condition in the pores of the cement paste. There are two main causes that break

down this passive coating film, namely carbonation and chloride ingression.

Carbonation refers to the breakdown mechanism in which carbon dioxide (CO.) reacts
with alkalis (Ca(OH)2 and NaOH) in the pore solution of the cement paste. The
consequence of these reactions is that the alkaline condition, which is the required
condition for maintaining the passive oxide coating film, is reduced when the pH of the

pore solution decreases.

For chloride ingression, although the exact mechanism is not known, it is observed that
when the presence of chloride reaches a certain extent, it breaks down the passive oxide
film and the condition is ready for the corrosion to be initiated. This certain extent of
chloride ion concentration is usually called the “threshold value” and it is reported that
the value is affected by many factors such as mixture proportions, type of cement,

water-cement ratio, sulfate content and so on.

After the oxide coating film on the steel is lost, the reinforcement corrosion happens
because many tiny electrolytic cells are formed. In these cells, the water in the pores of
the paste contains various dissolved ions and serves as the electrolyte, while
heterogeneities in the surface of the steel cause some regions of the bars to act as the

anodes and other regions to act as the cathodes (Carino 2004a).

At the anode, iron atoms lose electrons and move into the surrounding concrete as
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ferrous ions, which is represented by the following oxidation (or anodic) reaction:

Fe—Fe* + 2¢ (2.1)

The electrons flow through the bar to the cathode where they combine with water and
oxygen, which are present in the concrete in order to produce hydroxyl cations. This

reaction is as follows:

H0 + 1/20, + 2¢” — 20H" (2.2)

The hydroxyl cations then combine with free ferrous ions to produce ferrous hydroxides
that finally become iron oxides (or rusts). The whole process can be pictorially

illustrated in Fig. 2.3 below.

e’ Bar

Fig. 2.3 Corrosion Process of Steel Reinforcement (Carino 2004a).

Corrosion is however just the beginning of a longer story. What happens next is that the
rust, a product of corrosion, occupies much bigger volume than the original steel, and
therefore produces internal stresses in the surrounding concrete, that finally causes the

internal cracks to be initiated. These internal cracks are usually mistermed as
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“delamination”. At the beginning, these cracks are usually small and locate separately,
but then they develop and become spalls that can be visually observed on the concrete

surface.

In conclusion, the most common defects of concrete bridge decks that need to be
identified during inspection are those caused by corrosion-induced deterioration. These
defects include; (1) rebar corrosion, (2) concrete delamination; and (3) spalls. Since
spalls can be observed by visual inspection, this study focuses on detecting early
corrosion-induced deterioration, i.e., corrosion and delamination. By far, for a
comprehensive assessment of concrete bridge decks, it would be desired to acquire

knowledge about the chloride ingression at the reinforcement level.

2.3.2 Bridge Inspection Overview

Bridge inspection can be defined as a process in which the defects on a bridge are
identified, recorded and used for assessing bridge condition. As has been seen
previously, the inspection data provides required and invaluable inputs for bridge
management systems. Interestingly, bridge inspection was not created because of that
need. Instead, it was originally regulated for safety reasons. The event that changed US
and human practices in guarantying bridge safety happened on December 15, 1967,
when the Silver Bridge between Ohio and West Virginia collapsed during rush hour and
caused 46 people dead in the freezing Ohio River (WSDOT 2010). This tragedy
immediately brought the US government’s focus on bridge safety issue. And as a

consequence, on April 27, 1971, the Federal Highway Administration (FHWA) issued
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the National Bridge Inspection Standards (NBIS). The purpose of this standard was to
establish a program for regular and comprehensive inspections of all US federal
highway bridges. The standard set forth the minimum qualifications for bridge
inspectors, regulated specific types and frequencies for bridge inspection, as well as

stipulated the inspection reporting format.

In 1978, the FHWA extended these requirements to all public bridges which carry
vehicular traffic. In 1987, when a review of the national bridge inspection programs was
conducted by the Office of the Inspector General (OIG) in six states, a number of
shortcomings were found. As a result, in August 1988, the FHWA issued some revisions

to the NBIS (WSDOT 2010).

As just mentioned above, the National Bridge Inventory Standards (NBIS) set forth
minimum inspection requirements for all public bridges in US which carry vehicular
traffic. When implementing the NBIS, State Departments of Transportation (DOTs)
generally expand the standards. They usually inspect more structures, perform some
inspections more frequently, and place additional requirements on the qualifications of
inspection personnel. The bridge inspections are normally performed for three purposes:
(1) to ensure the safety of bridges, (2) to discover needs in maintenance and repair, and

(3) to prepare for bridge rehabilitation (Hearn 2007).

2.3.3 Bridge Inspection Types and Intervals

There are several types of bridge inspection. Each type serves for specific purpose as

previously mentioned and is performed at different frequency. Hearn (2007)
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summarizes different types of bridge inspection, which are practiced in US, and their

respective standard inspection frequencies. This information is described in Table 2-1

and it is noted that the frequencies for a specific inspection type may vary, depending

on particular agencies.

Table 2-1 Types of Bridge Inspection in US (Hearn 2007)

Inspection

Description

Standard

Inspection Interval

Damage Inspection

Fracture-Critical

Member Inspection

Hands-On Inspection

In-Depth Inspection

Initial Inspection

Routine Inspection

Special Inspection

Underwater

Inspection

An unscheduled inspection to assess structural damage
resulting from environmental factors or human actions

A hands-on inspection of a fracture-critical member or
member components that may include visual and other
nondestructive evaluation.

Inspection within arm’s length of the component.
that

supplemented by nondestructive evaluation (NDE)

Inspection uses visual techniques may be
techniques.

A close-up inspection of one or more members above or
below the water level to identify any deficiencies not
readily detectable using routine inspection procedures;
hands-on inspection may be necessary at some locations.

First inspection of a bridge as it becomes a part of the
bridge inventory to provide all Structure Inventory and
Appraisal data and other relevant data and to determine
baseline structural conditions.

Regularly scheduled inspection consisting of observations
and/or measurements needed to determine the physical
and functional condition of the bridge, to identify any
changes from initial or previously recorded conditions,
and to ensure that the structure continues to satisfy present
service requirements.

An inspection scheduled at the discretion of the bridge
owner, used to monitor a particular known or suspected
deficiency.

Inspection of the underwater portion of a bridge
substructure and the surrounding channel that cannot be
inspected visually at low water by wading or probing,

generally requiring diving or other appropriate techniques.

24 months

24 months

60 months
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2.3.4 Visual Inspection Method

Visual inspection has been, and are still being, the dominant method to inspect bridges
in the United States (Gucunski et al. 2009). This method does not require any special
equipment while it can still provide invaluable information if the inspection is
performed by experienced inspectors. Based on the observed defects, the inspector will
utilize his or her knowledge about structure engineering, construction material and
construction process in order to identify the probable cause of distresses and assess
bridge condition. Although the method is simple and effective, it does have big
limitations. It cannot detect internal flaws such as the chloride ingression, corrosions,
voids, internal cracks and delamination in concrete structures. As a result, serious
defects are not constantly found by this inspection method and tragic events keep
happening; for example, the collapse of De la Concorde overpass in Montreal, Quebec,

Canada 1n 2006.

Another problem of the visual inspection method is that it provides subjective
information. This will affect the quality of bridge management decision—making. It is
clear that the accuracy of bridg