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Abstract: A method for detecting fatigue cracks in the welds between the U-ribs and deck
plates on the orthotropic steel deck of a road bridge by temperature measurement using
infrared thermography has been developed in Japan [1]. This paper describes the devel-
opment of the system for detecting fatigue cracks on an orthotropic steel deck using the
temperature gap method, and the results of inspections at the Honshu-Shikoku Bridge
Expressway.

Keywords: infrared thermography, bead-penetrating crack, orthotropic steel deck, tem-
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1. Introduction

Orthotropic steel decks used in road bridges are often employed in long-span bridges over
straits and urban expressways because they are lightweight and easy to construct. In recent years,
several types of fatigue cracks have occurred due to accumulated heavy vehicle traffic, among which
through-bead cracks (fatigue cracks) at the welds between U-ribs and deck plates have been re-
ported frequently. Early detection of through-bead cracks is important because, if left unchecked,
they can propagate into the deck plate or U-rib base metal, leading to major damage to the ortho-
tropic steel deck.

The Honshu-Shikoku Bridge Expressway Co., Ltd has developed a crack detection system
with infrared thermography and has been conducting inspections of actual bridges for approxi-
mately eight years, aiming at the practical application of the temperature gap method, which is a
low-cost and efficient inspection method. The development of the fatigue crack detection system
and the inspection results are described.

2. Detection Principle and Comparison with Conventional Methods
2.1 Detection principle

Figure 1 (a) shows a schematic diagram of the principle of detecting through-bead cracks by
the temperature gap method. Solar radiation conducts heat from the pavement surface to the deck
plate and U-rib. When a crack exists in the weld, the micro voids formed in the crack impede heat
conduction, resulting in a temperature difference (temperature gap) compared to the normal area.
By visualizing the temperature gap with infrared thermography imaging, the presence of cracks can
be detected nondestructively and without contact.

Figure 1 (b) is an infrared thermographic temperature image of the location of a through-bead
crack. The temperature line profiles of the normal area (A-line) and the cracked area (B-line) on the
image are illustrated at the bottom of the image. In the temperature line profile of the cracked area
(B-line), heat conduction is disturbed before and after the through-bead crack, and the temperature
drops after the crack. In the normal area (A-line), the temperature gradually drops from the weld
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to the U-rib. On the temperature image, there is a temperature drop area that is displayed in black
from the crack to the U-rib, which clearly shows the difference from the normal area.
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(a)Schematic diagram of the crack detection principle (b)Example of temperature image

Figure 1. Inspection by infrared thermography

2.2 Comparison with conventional methods

In conventional inspection methods, the presence or absence of through-bead cracks is con-
firmed by close visual inspection, paint removal, and magnetic particle testing. Some inspection
locations require temporary scaffolding, making inspections expensive and inefficient.

On the other hand, in inspections by the temperature gap method, infrared thermography is
used to detect cracks by remotely capturing images, eliminating the need for close visual inspection,
scaffolding installation, and paint removal, thereby enabling low-cost, efficient inspections.

3. Development of inspection equipment suitable for each bridge

The total length of orthotropic steel deck lanes owned by the Honshu-Shikoku Bridge Express-
way Co., Ltd. is about 100 km, which is enormously long, and thus it is necessary to develop inspec-
tion equipment and other means to efficiently perform inspections. The inspection and maintenance
vehicles (hereafter referred to as 'maintenance vehicles') are permanently installed on each long-
span bridge. However, their structure, operating mechanism, and positioning relationship to the
weld beads significantly depend on the bridges, customized temperature gap method devices for
each specific bridge has been developed.

3.1 Method of fixing the instruments on the maintenance vehicle and capturing images

For bridges where the maintenance vehicle shown in Figure 2 (a) can run continuously in the
direction of the bridge axis, the inspection is performed by running the maintenance vehicle
equipped with inspection equipment. Since the direction of movement of the maintenance vehicle
is the same as the direction of the weld beads, this method allows continuous capturing of images
over a long length and efficient inspection.

(a) Maintenance vehicle (b) Inspection situation

Figure 2. Maintenance vehicle and inspection situation
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3.2 Guide rail system

Since the maintenance vehicle is installed between the truss nodes on truss suspension bridges,
etc., which are approximately 12 m apart, a guide rail system (Figure 3) has been developed in which
the inspection is performed by making the inspection equipment run on its own on the special guide
rails installed on the maintenance vehicle. This method enables efficient inspections by running the
inspection equipment on the guide rails by remote control for continuous capture of images, and is

the most commonly used method on the Honshu-Shikoku Bridge Expressway.
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Figure 3. Inspection situation by the guide rail system

3.3 Image capturing system near the stringer

In areas where the inspection zone is near the orthotropic steel deck stringer, applying the
guide rail system described in Section 3.2 is challenging due to limited space for equipment instal-
lation. To address this, a jig has been developed that enables the inspection device to travel along
the lower flange of the stringer, and an image capturing system near the stringer (Figure 4) has been
made for continuous image capture along the bridge axis. This system allows manual movement of
the device along the stringer while capturing images continuously.

L3

Figure 4. Image capturing system near the stringer

3.4 Equipment for capturing images from the inspection path

In bridges where only the inspection path shown in Figure 5 is installed, there are many weld
beads that cannot be inspected from the inspection path. For such bridges, a system are currently
being developed in which the inspection can be performed by installing an arm on the handrail of
the inspection path and mounting a camera head with a swiveling function on the end of the arm
to use the infrared camera to the blind weld beads (Figure 6), with the aim of implementing the
system on actual bridges.
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Figure 5. Blind spot from the inspection path ~ Figure 6. Inspection equipment from the

inspection path
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4. Development of automatic crack detection software

Initially, cracks were detected by manually checking the images captured by the inspection
equipment. However, in order to reduce the workload and improve the consistency of judgments
among the inspectors, an automatic crack detection software has been developed to automatically
detect cracks from the temperature images captured continuously [2]. Since fiscal 2015, efficient and
accurate inspections have been conducted using automatic crack detection software for primary
screening, followed by expert review based on infrared inspection techniques.

5. Inspection results at the Honshu-Shikoku Bridge Expressway

A vast number of bridges in the Honshu-Shikoku Bridge Expressway needs considerable time
for inspection even with advanced techniques by the temperature gap method. The inspections are
conducted after prioritizing objects considering various conditions such as the orthotropic steel
deck's structural details (e.g., weld penetration) which are highly correlated with the initiation and
propagation of through-bead cracks, fabrication date, and the accumulated heavy vehicle traffic.

From fiscal 2015 to 2022, nine bridges were inspected using the temperature gap method, cov-
ering about 130 km of welds—approximately 90% of the total target length(Table 1). Although
through-bead cracks were found on only two bridges, regular inspections remain necessary due to
the risk of new fatigue cracks from ongoing heavy vehicle traffic.

Table 1. Inspection results at the Honshu-Shikoku Bridge Expressway

Expressway Routes Bridges Inspection Length [km]
Kobe-Awaji-Naruto Tozaki Viaduct 121
Expressway Ohnaruto Bridge 9.7
Shimotsui-Seto Bridge 194
Hitsuishijima Bridge 13.8
Iwagurojima Bridge 12.2
Esf;iéit;l;y Yoshima Bridge 11.2
Kita Bisan-Seto Bridge 24.6
Minami Bisan-Seto Bridge 26.4
Bannosu Viaduct 6.2
Total inspection length 135.6

6. Summary

The temperature gap method is a remote, non-contact, and efficient method for detecting
through-bead cracks in orthotropic steel deck U-rib welds without the need for paint removal or
scaffolding installation. Furthermore, to accommodate the different structural details and inspection
environments of each bridge, specialized equipment was developed such as guide rail system, im-
age capturing system near the stringer, and introduced software to automatically detect cracks, al-
lowing for application to actual bridges. The developing work will be continued to respond to a
greater variety of areas to be inspected and to improve inspection accuracy and efficiency.
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