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Section loss situation of set bolts 

Measurement situation by phased array ultrasonic inspection method 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Corrosion diagnosis technique on expansion joint set bolts of steel deck plate 

Phased array ultrasonic inspection method 



 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 

Improvement and Effect of Dry-air injection system for main cables of the Kurushima-Kaikyo Bridges 

Extension of the Pre-cooling Facility 

Installation of the Interior unit 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tunnel inspection by using mobile imaging technology 

Tunnel inspection by using high-vision camera 

Tunnel inspection by using laser beam 



 
 
 
 
 
 
 
 
  

 
 
 
 

Monitoring vehicle with high-vision camera 



Beyond Expectation 

Nobuyuki Hirahara 
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Investigation on paint film of Honshu-Shikoku Bridges 

 
Masahiro   Otsuka

 Masao   Moriwaki 

 

 

400 m2
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Heavy-duty coating has been applied to the Honshu-Shikoku Bridges. Coating area of steel members in the bridges amounts to about 4 

million m2. More than 60 percent of surface coating area is coated by polyurethane resin paint according to the old paint specification. 
More than twenty years has passed since the bridges painted by the old specification had opened. Repainting work of the bridges has been 
conducted in series. In order to make a repainting plan for the bridges painted by the old specification reasonable in preparation for future 
repainting cost increase, investigation on paint film of the bridges was conducted, and the characteristics of paint film deterioration and the 
deterioration status of paint film were confirmed. As a result, it was found that the reduction rate of paint film thickness is smaller than that 
used in the past repainting plan. 
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Fig.1 Image of coating deterioration curve 

Table 1  Initial paint specification for Honshu-Shikoku Bridges 
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Table 2 Target bridges and members

Fig.3  Measure points in cross section (Shimotsui-Seto Br.)

Fig.2 Concept of film thickness measurement 

Photo.3 Section of paint film

 

Photo.2 Thickness measuring instrument

Photo.1 Panel Number
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Table 3 Thickness of remaining paint film

Fig.4   Distribution of remaining paint film (Tozaki Viaduct)

 

Photo.4  Fixed measure point Photo.5 Section of paint film
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Table 4 Fixed measure points on Seto-Ohashi Bridegs 

Table 5 Reduction of surface coat film thickness (Seto-Ohashi Bridges)

Table 6  Characteristics reduction rate of surface coat thickness

0 m
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Table 7 Reduction rates of middle coat thickness and under coat thickness
 

Fig.5 Measure points

Photo.6 Fixed measure point of  
middle coat and under coat
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Photo.7  Consumption of coating on Minami Bisan-Seto Bridge
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Table 8 Exposure status of middle coat and under coat 
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Photo.8  Exposure of middle coat

Fig.6  Cumulative probability of remaining surface coat 
 on truss girder

Fig.7  Remaining surface coat of Minami Bisan-Seto Bridge
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Fig.8  Cumulative probability of remaining surface coat 
 on box girder 

Fig.9  Cumulative probability of remaining surface coat 
 on tower

Vol.37 No.119 2012.9 9



 

 
Corrosion diagnosis technique and estimate of the corrosion cause on expansion joint set bolts of steel deck plate  

 

Toshiyuki Murai 

Katumi  Kobayashi 

Kenji  Ooya
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Seto-Ohashi Bridges including three suspension bridges elapsed 24 years or more after open to traffic. Recently, in the three 
suspension bridges (Shimotsui- Seto Bridge, Kita Bisan- Seto Bridge, Minami Bisan-Seto Bridge), partial corrosion and rust on the set 
bolt circumference of expansion joint bolts of the steel deck plate are reported a lot by visual inspection from lower of the deck. 
We surveyed the expansion joint set bolts in 2008. As a result, section loss caused by corrosion was discovered at the thread of the set 
bolts.Therefore, we carried out various nondestructive Inspection, opening survey and bolts exchanges in the aim of evaluation of the 
corrosion diagnosis technique by non-destructive inspection method and estimation of the corrosion cause of the set bolts in 2010 and 
2011.This paper reports the applicability of non-destructive inspection method and estimation of the corrosion cause.  
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Photo1 Expansion joint of steel deck plate 
 

 
 
 
 
 
 
 
 

Fig.1 Structure of expansion joint of steel deck plate  
(Non- drainage type) 

 

Photo2 Rust juice on lower of the steel deck plate 

Table1 Deformation rate by visual inspection 

H20 H22 H23

34.5
6.1

Photo3 Face plate removal situation 

Photo4 Section loss situation of set bolts (1) 

Photo5 Section loss situation of set bolts (2) 

Table2 Deformation rate by opening investigation 
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Fig.2 Phased array ultrasonic inspection method 

 
Photo6 Measurement situation by phased array ultrasonic 

 inspection method 
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Table3 Image judgment criteria of phased array  
ultrasonic inspection 
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Fig.3 Judgment example by reading of phased array image 

Fig.4 Comparison distribution map of bolt residual diameter by reading of phased array image 

Vol.37 No.119 2012.9 13



EPMA

8mm

8mm

Table4 Tensile test result 

Photo7 Break situation of the removal bolt 

Photo8 Break situation of  8mm specimen 

Photo9 Surface aspect with microscope 
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Photo10 Smallest section macrostructure 
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Photo11 Micro aspect of corrosion part 

Photo12 Sectional micro organization (bainite structure) 
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Improvement and Effect of Dry-air injection system for main cables of the Kurushima -  Kaikyo Bridges 

 
 Masato  Matsuba 

Yoshifumi   Ono
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The dry - air injection system for main cables of the Kurushima-Kaikyo Bridges has been under operation 24 hours since the opening in 
1999. Relative humidity used to be over the criteria-of-control humidity in summer period. Therefore, we have added the wet type 
dehumidifier with high dehumidification effect under the environment of heat and high humidity.  As a result, relative humidity has 
become always under the criteria-of- control humidity.   
 As the optimum operation control method, we have reset heat temperature of the re-heater of the existing dry type humidifier in the range 
from 70  to 140 . It has led to satisfy the criteria-of-control humidity and reduce about 46 % of electricity consumption.  
 This paper describes improvement and effect by extension of the wet type dehumidifier as a method to improve dehumidification 
capability effectively and economically using the existing dry-air injection system, and also the optimum operation control method and its 
effect. 
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Fig.1 Dehumidification plant 
 
 
 
 
 
 
 

Fig.2 Layout of the dry – air injection system for the Kurushima – Kaikyo Bridges 
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Fig.3 Dehumidification system of the dry type dehumidifier 
 

Photo 1 Inside the dehumidifier unit 
 

 
 
 
 
 
 

Photo 2 Mouth of the rotor (Arrow sign shows A at Photo-1) 
 

 

10A

11
60 RH

1 2

17

60 RH

 

 

Fig.4 Transition of relative humidity at the air exhaust cover 
       (In the center span of the Third Kurushima-Kaikyo Br. ) 
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Fig.5 Dehumidification capability of the rotor  
 (The Second Kurushima – Kaikyo Br. 6P) 
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Fig.6 Transition of relative humidity at the air injection cover 
      (In the center span of the Third Kurushima –Kaikyo Br.) 
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Table 1 Monthly dehumidification capability 

 
 

60
RH

60 RH
 

20
7 8

40 RH

40 RH
 

 
 

 

 

8P 9P

2P 3P 5P 6P

6P

18 本　四　技　報



 
6P 1

100 40 RH

Fig.7 Dehumidification capability of the rotor  
(The Second Kurushima – Kaikyo Br. 6P) 
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Table 2 Comparison of energy consumption 

 
 

 

Fig.8 Dehumidification method of the pre-cooling facility 
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Fig.9 Installation of the drain(The Second Kurushima – Kaikyo Br. 6P) 
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Fig.10 Transition of relative humidity before and after extension of the 
pre-cooling facility   
(In the center span of The Third Kurushima – Kaikyo Br.)
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Fig.11 Difference of installation points of the interior units 

6P

8P9P

Fig.12 Difference of dehumidification method 
 

Photo 3 Extension of the interior unit 
(The Second Kurushima – Kaikyo Br. 6P) 
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Fig.13 Transition of relative humidity at the dry-air injection cover 
   (In the center span of the Second Kurushima – Kaikyo Br. 6P) 
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Fig.14 Transition of relative humidity at the air exhaust cover 
    (In the center span of the Second Kurushima – Kaikyo Br. 6P) 
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Fig.15 Dehumidification capability after extension of the pre-cooling 
facility   (The First Kurushima – Kaikyo Br. 2P) 

 

 

Fig.16 Dehumidification capability after extension of the pre-cooling 
facility    (The First Kurushima – Kaikyo Br. 3P) 

 

Fig.17   Dehumidification capability after extension of the pre-cooling 
facility   (The Second Kurushima – Kaikyo Br. 5P) 

 
     

 

Fig.18 Dehumidification capability after extension of the pre-cooling 
facility  (The Second Kurushima – Kaikyo Br. 6P) 
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Table 3 Power consumption of main equipment 
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Countermeasures against the Problems of the Corroded Base of the Road Lighting Poles 
- Establishment of the Standard for Determination against the Road Lighting Poles Corroded - 

 
 Koji Akeno 

 

 

 
The standard for determining replacement or repair of the road lighting poles corroded has not been established so far.  Strength 

calculation and repair methods of the road lighting poles were examined whenever deteriorations such as corrosion had been found.  There 
existed the important issues that optimal structural maintenance and prompt actions of repair were needed in order to prevent damages for 
road users.  This paper describes the details studied in that “Standard for Determining Replacement or Repair of the Road Lighting Poles 
Corroded (Draft)”, “Guideline to Measure the Plate Thickness of the Road Lighting Poles (Draft)”, and “Guideline for the Methods for 
Repairing the Road Lighting Poles (Trial)”, those of which were established for conducting the proper maintenance not to cause damages 
against road users while comprehending corrosive situations in terms of preventive maintenance and quantitatively evaluating soundness. 
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Table 1 Result of the Emergency Inspection of the Road Lighting Poles 

 

  

Photo.1 General View of Road Lighting Pole Photo.2 Examples of the Corroded Base of the Road Lighting Poles 

 

Fig.1 Result of the Plate Thickness and the Environment of the Road Lighting Poles 
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Table 2 Minimum Plate Thickness of the Road Lighting Pole 
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Table 3  Standard for Determining Replacement or Repair of the Road Lighting Poles Corroded (Draft) 

 

Fig.2  Concept of Standard for Determining Replacement or Repair of the Road Lighting Poles Corroded (Draft) 
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Fig.3 Measuring Point around the Base of the Road Lighting Pole 

Fig.4  Measuring Point in Boundary of the Foundation 
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Photo.3 Repair of the Pole Covered by Concrete around the Base 

Photo.4 Repair of Corrosion Protection Coated by Liquid Rubber 

Photo.5 Improving Environment around the Base of the Pole   
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Tunnel inspection by using mobile imaging technology. 
 

 Kiyohiro   Imai 

Takeshi  Sugiyama  

 

 A tunnel lining concrete has been inspected mainly through a visual inspection. However, since a tunnel inspection is 
conducted in a dark condition, it is difficult to identify and record defects in the tunnel correctly. Because of these reasons, 
mobile imaging technology was applied to the tunnel inspection instead of the visual inspection. This technology is 
applied in order to conduct the tunnel inspection efficiently. In addition, this technology can quantify cracks on the tunnel 
lining concrete and be used for screenings of a hammering test area. This paper presents the tunnel inspection by using 
mobile imaging technology and a current tunnel condition in the Honshu Shikoku Bridge Expressway obtained by this 
technology. 
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Photo.1 Tunnel inspection by mobile laser beam system Table.1Tunnel dimensions 

Photo.2 Tunnel inspection by mobile high-vision camera system 
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Fig.1 Crack map 

Table.2 Evaluation sheet of tunnel condition Table.3 Special notes for tunnel inspection 
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Photo.3 Cracks with 2mm wide 

Table.4 Example of crack summary table 
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Photo.4 Deposit of free lime 

Table.5 Revision of special notes for tunnel image evaluation 

Photo.6 Defects around the inspection hole 

Photo.5 Defects around the concrete placing hole on concrete lining 
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Table.6 Span extraction before and after revision of special notes 
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Photo-6. Temporary repair at hinge bearing 
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Fig.- 2 Locations of the Padma Bridge and other major bridges in 
Bangladesh 

Fig.3 The Padma Bridge 
(Perspective drawing Bird’s eye view) 

Fig.4 The Padma Bridge (Perspective drawing) 
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donated from Japan 
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Fig.1 Location of Test Coating (7A of Minami Bisan-Seto Bridge)
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Table 1 Specification of Test Coating (7A of Minami Bisan-Seto Bridge)
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Fig.2 Adhesion Test Results (7A of Minami Bisan-Seto Bridge)
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Re-evaluation for Vibration Control of the Main Towers of the Akashi Kaikyo Bridge  
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Table 1  Characteristics of Vortex-induced Oscillation 
of the Main Towers (Completion of Bridge)  

Fig.1 Location of Vibration Control Devices of the Main Towers
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Fig. 1  Vertical stiffeners measured by infrared thermography 
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    Photo 1  Infrared thermography device          Fig. 2  Pictures of thermoelastic temperature measurement,  Comparison with coating conditions  
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A study on inspection of narrow sections in bridges using industrial video-scope 
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Table 1  Specications of industrial video-scope 
 
 

Photo 1  Industrial video-scope Photo 2  Guide tube

 6.0mm  
 3,500mm 

 130°(4 ) 

 
 640 480 Pixel 

 JPEG 

 
 640 480 Pixel 

 AVI  MPEG4 

Table 2  Examined narrow sections in bridges with industrial video-scope

 

Table 3  Condition of narrow sections in bridges taken by industrial video-scope (Examples)
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