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NDT METHODS APPLICABLE TO HEALTH MONITORING OF ABC
CLOSURE JOINTS

1 INTRODUCTION

ABC comprises of precast elements of the bridge fabricated on site or away, moved to the bridge
location and installed in place. Regardless of the fabrication and installation of precast-
prefabricated elements, connections need to be established on site and in place. These
connections, Closure Joints, are expected to provide continuity between adjoining elements for
the purpose they are designed for. In all, the specific nature of the joint application, in-situ
casting, curing, material incompatibility, cavities and steel congestion contribute to a higher
potential for exposure and other detrimental effects with possible degradation in time, and
therefore reducing the strength and serviceability of the joint and the structure. The long-term
deflections and environmental loading will only exacerbate the situation. It is therefore critical
to first assure the closure joint is in good health right after construction completes, and secondly
to remain healthy in future.

2 STATEMENT OF PROBLEM

A variety of NDT methods have been utilized for evaluation of bridges including those with
closure joints. However, a concerted attempt for categorization of these methods, comparison of
capabilities, and selection of methods most applicable to closure joints is lacking. The main
objective of this project is search, identification, and potential development of practical and
economical methods for field inspection and damage detection of ABC closure joints,
immediately after completion and periodically thereafter during its service life. The presence of
defect may be readily identifiable by detecting significant anomalies in the response of the joint
to NDT techniques. However, the overall approach to NDT evaluation of closure joints will also
include constructing a signature response record of an intact joint to specific NDT technique at
completion of construction. This base record will be used for comparison with future periodic (or
on demand) inspections for determining the type and extent of potential damages. In conjunction
with review of various NDT methods, it is the intent of this project to evaluate the promising
NDT techniques, as much as the scope of project allows, and identify how best these techniques
could be used to provide suitable practical methods for inspection, therefore health monitoring of
the ABC structure. It is attempted to organize the project results in a manner to allow, in a
separate follow-up project, development of field procedures, evaluation guidelines, and reporting
methods and appraisal of methods for ease of use and suitability for integration into states bridge
inspection programs.

3 RESEARCH APPROACH AND METHODS

The overall approach of this project is organized in three basic stages; search of background
information for identification of detailed problems and available NDT methods, evaluation of
methods for applicability to closure joints, and finally selection of the best methods and
verification and necessary adaptation/modification in accordance with the objectives of this
project. It is realized that the usefulness of data collected, practicality of approach, ease of use
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and quantifiable results are defining factors for acceptance, utility, and implementation of any
inspection technique. It is also believed that instead of reinventing the wheel, the adaptation,
albeit with modification and customization, of existing experiences and well-served practices
from other industries/applications provide the maximum returns for the bridge engineering
community. Lessons learnt over the past decades from the design, inspection, maintenance, and
repair of ABC, and prior experiences would provide true and tried methods for minimizing
experimentation with potential inspection methods. The project objectives will be met within the
following approach and set of activities:

e A literature review to identify ABC closure joint problems and causes.

e In parallel to the published literature and technology practices, information may be collected,
via surveys, from practices and experiences of owners and inspectors.

e Based on technological resources, candidate NDT methods will be categorized and NDT
practices with promise for application to closure joints will be selected.

e The second stage will deal with verification of selected methods and their application on
available specimens, and adaptation or modifications of methods if necessary.

¢ An outline of inspection procedure/protocol associated with selected methods will be
developed.

e Reporting and communication of results with peers and advisory panel will be carried out in
timely manner and at necessary juncture during the project.

4 DEFENITIONS

4.1 ACCELERATED BRIDGE CONSTRUCTION (ABC)

Accelerated Bridge Construction (ABC) is defined as design, planning and construction methods
to organize and arrange construction activities for new bridges, as well as repair, replacing, and
rehabilitating of existing bridges so that onsite construction time and mobility impacts are
reduced, and public and worker’s safety is enhanced [1]-[3]. Among other features, the use of
pre-fabricated modular bridge elements and assemblies are the most common aspect of the
Accelerated Bridge Construction (ABC) [1], [4]. ABC addresses some of the major drawbacks
of the conventional bridge construction methods including delays to allow concrete curing, time
constraints due to sequential construction, traffic interruptions and safety issues, compromise in
quality for in-situ activities, dependency on weather, etc. From a more practical standpoint, the
most important of ABC potentials are:

Reducing disruption to traffic

Avoiding congestion

Safer operation

Alleviating public/workers exposure to construction activities
Achieving higher quality control for precast elements
Decreasing environmental impacts

Better control over cost and schedule

Owing to these advantages, application of ABC methods is growing across the US (Fig. 1).
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Figure 1: ABC superstructure positioning [5]
42 ABC CLOSURE JOINTS

Application of the Accelerated Bridge Construction (ABC) using prefabricated elements and
assemblies necessitates the use of joints for connecting and integrating the bridge structure.

Figure 2: Examples of various types of ABC closure joints [6]—[9]

Closure joints normally refer to joints for connecting the bridge deck elements to each other and
to the substructure. Other joints are used for connecting superstructure to substructure as well as
substructure elements to each other (Fig. 2).

5 DESCRIPTION OF RESEARCH PROJECT TASKS

The following is a description of tasks carried out to date.
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5.1 TASK 1 -TYPE, POTENTIAL DEFECTS, AND SERVICEABILITY PROBLEMS OF
CLOSURE JOINTS

5.1.1 Literature Search

Based on review of available closure joints for ABC projects (7), five types of closure joints were
identified to represent common categories classified based on joint features affecting application
of NDT methods by Farhangdoust et al. (46). The categorization of the ABC closure joints is
summarized in Table 1. A designation symbol has been introduced for each category of recognized
ABC closure joints. The first four groups are “linear” joints which refer to longitudinal and
transverse joints for connecting superstructure deck elements to each other and to substructure.
The last group called “blockout” is normally used for integrating deck panels to the girders.
Reinforcing bars, other embedded steel components, or post-tensioning ducts often are contained
within the joint or pass through them. Some uncommon closure joint types could not be grouped
in these five types of joints, and left to be considered on case-by case basis.

Table 1. Categorization of ABC Closure Joints (6-11)

Group Sample Symbol
Type 1 4 #
Type 2 | |
Type 3 L‘ |J
Type 4 \ /

7 |
Type 5 j: I l I

Ill_:c ! ®
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5.1.2 Categorization of Closure Joints

Five types of closure joints were identified to represent dominant groups according to
anticipation of type of defects that could be present for these joints and overall configuration of
joints influencing the use of specific NDT methods.

5.1.2.1 Type 1 Closure Joint

Type 1 Joint designation refers to linear joints known also as shearkey or keyway joint, and is
normally used to join full-depth precast decks, while in some cases it is also used to join precast
beams (Fig.3).

5.1.2.2 Type 2 Closure Joint

Type 2 Joint designation refers to linear joints that normally join full-depth precast decks to each
other, and precast decks to precast concrete beams (Fig. 4).

Symbol Representing Joint 4 }
Sample Cross Section
(@) (b)
1 ﬂ ,
= - ;
11 [ i
N £ S e — '.
(c) — (e)
-7l-.'| by L
A\ o ;»;— -
@) L d
Q) 1) (k)

Figure 3: Type 1 Joint [6]-[8], [10], [11]
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Symbol Representing Joint | |

Sample Cross Section
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Figure 4: Type 2 Joint [7], [9]

5.1.2.3 Type 3 closure Joint
Type 3 Joint designation refers to linear joints that normally joining partial depth precast deck

panels, butted decked precast girders, and in some cases P/C Slab Longitudinal connections to
Steel Girder Superstructure [7] (Fig. 5).
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Symbol Representing Joint LI |J
Sample Cross Section
(a)
(b)
(c)
(9)
(d) " 5

Figure S: Type 3 Joint [7], [8], [12]

5.1.2.4 Type 4 closure Joint

Type 4 Joint designation refers to linear joints that normally joins two prestressed tee beams or
double beam, and in some cases full or partial depth deck panels. The V shaped joint is cast in
the longitudinal direction (Fig. 6).

5.1.2.5 Type 5 of closure Joint

Type 5 Joint designation refers to box/recangular shaped joints that are known as blockouts.
These joints are spaced throughout the decking and usually connect precast full depth decks to
steel girders or concrete I-beams (Fig. 7).
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Symbol Representing Joint \ /

Sample Cross Section

(a) (b) B C
Figure 6: Type 4 Joint [7], [8], [12]
Symbol Representing Joint ; % i i
Sample Cross Section
(@) (b)

(d) (e) ()
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@ 0

(k)

Figure 7: Type S Joint on a bridge deck [7], [9]
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5.1.3 Reported and presumed defects and Anomalies

Defects and anomalies in closure joints are generally expected to follow those observed for
concrete deck construction. Accordingly, unless a specific case is reported for closure joints that
is different from those observed for bridge deck, defects and anomalies reported for bridge
decks, with adaptation to the closure joints wherever possible, are considered in this study. These
include cracking, separation, delamination, voids, honeycombing, corrosion of reinforcing bars,
leakage of surface water through joints and cracks, roughness, and abnormal appearance. These
defects are shown in table below:

Table 2: Examples of defects and anomalies for bridge superstructures [15-23]

Crack [15] Delamination [16] Internal Honeycombing [16]
Discontinuities [16]

Wearing and
abrasion [22]

Surface Corrosion of Reinforcing
Discontinuities [17] Bars [18]

Corrosion of Abnormal Appearance [19] Leakage Through the Loss of Cross-section or
Embedded Steel Plates Joints [21] Breakage of Reinforcing
or Connectors [20] Bars [23]
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The type of defect, certainly, plays a significant role in selection of the most applicable NDT
method for analyzing and health monitoring of the ABC closure joints. Examples of defects and
anomalies expected in general for bridge superstructure are shown in Table 2. This survey
subscribes to the view that different types of defects and anomalies in concrete or steel section of
the closure joint can be associated with the type of joints and a potential cause. This study will
also attempt to describe an etiology for the expected defects. Literature with a focus on defects
and damages to ABC closure joints are very limited. Following summarizes results from some of
the few investigations performed in this regard.

5.1.4 Defect Etiology

In addition to the type and configuration of closure joints, a reliable etiology for defects is
believed to facilitate the selection of effective NDT methods as well as their application to
closure joints. For example, water leakage caused by cracking at joint will lead to the use of
NDT method(s) capable of detecting cracks. Also, presence of crack may point to a cause or
source that would indicate potential for other type of damages associated to that source, and
therefore prompt the application of certain NDT method. According to previous observations
and inspections, common defects observed in concrete decks on general and closure joints in
specific may be caused by one or more of sources including design issues, material deficiencies,
workmanship problems, mechanical and loading effects, or environmental conditions. Table 3
shows the relationship(s) between common damages/defects in ABC closure joints and their
potential main causes as the defect etiology. The relationships shown in the table, as described
above, can lead to selection of the proper NDT method and is effective application. The type of
defect, certainly, plays a significant role in selection of the most applicable NDT method for
evaluation of the closure joints. Therefore, evaluation of NDT methods is to be performed in
relation with the type of closure joints and expected defects/anomalies. Defective closure joints
may include various levels of damages, one caused by another. A knowledge of interrelation
between various damages and their sequence will be able to guide the selection of an appropriate
NDT method. The sequence of the damages constructed for closure joints is shown by Figure 8.

Damage Sequence
Delamination || Reflective Internal [ Corrosion due to Contamination | Debonding - _
. N Rk . N . . . Surface Surface Abnormal
(wearing Concrete || Discontinuities Separation at | Honeycombing || Voids Roughness | Defects | Appearance
surface) Cracking Cracks | Cracking/Spalling of Cover | Cold Joints Ppears

I Exposure and Leakage through joints and cracks I

Corrosion of Embedded Corrosion of
Steel Plates or Connectors | | Reinforcing Bars

Cross-section or Breakage of
Reinforcing Bars/Couplers

Figure 8: Sequence of damages for ABC closure joints [46-47]
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face)
Corrosion of ReﬂeguvekConcrete P .
Embedded racking
Steel Plates or
Connectors Leakage
through
Loss of joints and ‘ Inte‘rna‘l ‘ % % *
Cross-section cracks Discontinuities/
Cracks
or Breakage
of i
Reinforcing Debpndmg * * *
Separation at Cold
Bars/Couplers Toi
oints
Cracking/ | Corrosion | * * %*
Spalling of Bars
of Cover
Voids . .
Honeycombing * *
Surface Roughness Created by the Joint * * *
Surface Defects * %
Abnormal Appearance * * %
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