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Refinements and Accumulations of Maintenance Technology by Iteration of Operations  
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Development of crack detection technique for bead through crack and establishment of framework for fatigue-related 
activities.  

Yoshiaki Mizokami 

Akira Moriyama 
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Recently, the origination and progress of fatigue damages have been reported in some Honshu-Shikoku Bridges approximately 20 
years after completions. Currently, total number of the fatigue crack is small; however, the inspection and retrofit work are estimated to 
increase in the future with the increase in the cumulative vehicle traffic amount as well as the number of fatigue crack.  

In this report, efficient fatigue inspection method for bead through cracks in steel decks utilizing the infrared thermography technique, 
the alternative method to the conventional visual inspection, is presented. Also, the outline of established procedure in inspection, diagnosis, 
retrofit and record for fatigue-related damage, prepared for the increase of the above mentioned activities, is presented. 
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Table.1 Specifications of employed infrared cameras. 
      

A 
B 
C 

InSb  
 
 

320 x 240 
640 x 480 
320 x 240 

2.5 – 5.1 μm 
8 - 13 μm 
8 - 13 μm 

0.025  
0.060  
0.030  

380 frames/s 
30 frames/s 
60 frames/s 

 

Fig.1 Schematic illustration of principle of NDT technique based on 
temperature gap detection. 

Fig.2 Cross sectional view and photograph of the objective bridge.  
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Table.2 Measurement parameters. 
     

Step 1 42 160 410mm   9  
Step 2 228mm  250mm/s 11  
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Fig.3 Experimental results for three cracks with different length (Step 1) 

(a) 42mm (b) 160mm (c) 410mm 

 

Fig.4 Experimental results for 228mm-crack with coating (Step 2) 
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Fig.5 Weather conditions at fundamental experiments. 
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Tabel.3 Spatial resolution according to crack length. 
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Fig.9 Weather conditions at the time of blind measurement. 
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Fig.6 Weather conditions at the time of detection performance confirmation experiment. 

(a) 1 mm/Pixel 

(b) 2 mm/Pixel 

Fig.8 The results of detection performance confirmation experiment. 
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Fig.10 Temperature image and temperature profile of the detected crack. 
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Fig.11 Magnetic particle test results of the detected crack 
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Fig.12 Temperature sensor installation position. 

Fig.15 Solar altitude, road temperature, air temperature, the transition 
of each month. 

Fig.13 Temperature gradient of ribs. 

Fig.14 The temperature difference between the deck PL and trough rib.

Fig.16 Correlation between the temperature difference. 
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Table.4 Number of days exceeding sunshine hours of 5hour/day 
 (2009 – 2013 average for each month) 

 1 2 3 4 5 6 

 20.8 13.2 17.8 19.6 19.0 13.6 

 7 8 9 10 11 12 

 17.0 23.8 18.8 15.8 15.8 18.6 
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 Fig.17 Fatigue related business flowchart.
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Development of Battery Powered Maintenance Vehicles for Tozaki Viaduct 

 
Yoshihiro   Asakura 

Naoki   Shikiji 

Hideki   Higashi

 

 

 
30

 

We have many inspection and maintenance vehicles for outside girder at Tozaki Viaduct. The vehicles had run by the 
power supply system from a trolley wire stretching the full of the viaduct, but sometime had stopped because of, for 
example, salt particle adhering to the trolley wire and insulation deterioration. Therefore, we developed the power supply 
system from lithium-ion battery for the vehicles. 

This paper shows the present state and problem of the power supply system from a trolley wire and the abstract, running 
test on actual viaduct, the result, introduction situation and future policy of the power supply system from lithium-ion 
battery. 
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Fig.1 General view of Tozaki Viaduct 

Fig.2 Location of maintenance vehicles for outside girders Photo 1 Tozaki Viaduct 

Photo 2 Upper and lower vehicles 

Table 1 Specification of maintenance vehicles
 

   
(kg)  

(m/min) 
 

(m) 
(kW)  

(t/ )    

 

 2  2.45m× 4.35m( ) 
2.45m×5 .52m( ) 500 15 322 1.5  2.0 

 3  2.68m× 9.18m 
 700 8 104 1.5  4.3 

 

 2  2.45m× 4.35m( ) 
2.45m× 5.52m( ) 500 15 677 1.5  2.0 

 4  2.68m× 9.18m 
 700 8 146 

187 1.5×2 0.2 4.3 
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Photo 3 Trolley wire on viaduct underside 

Fig.3 Trolley wire 
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Photo 4 Damage of the trolley wire surface 

Photo 5 Contaminated  insulator 
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Fig.4 Result of insulation resistance test about the trolley wire  

Photo 6 Corrosion of metal supports 
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Table 2 The power supply systems of maintenance vehicles
     

   
 

 

 

 

 
 

 
 
 
 
 
 
 

 

 
 

 
 

 
 

 79  9  37  18  

Table 3 Comparison of the power supply systems
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0.5m2

1.1m  
 

0.5%  
1

1.1kWh
1.0kWh/

0.3kWh/8hr  
1

2.4kWh
3

3.4kWh
4.4kWh

Table 4 Specification of the power supply system
  

 0.7m× 1.1m× 0.7m 

 230kg 

 AC200V,1 ,60HZ 

 AC200V,1 ,60HZ 

 6.6kWh(1.1kwh×6 ) 

 
DC51.2V×22Ah(1.1kwh) 

17kg/  

 BMS  

 4 (4 ) 2.2kW×1 
4 (7 ) 2.2kW×2 

 AC100V&AC200V_1

Photo 7 A power supply system using lithium-ion battery 

Table 5 Result of running test
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Seismic design and retrofit works for Muya Viaduct 

 
    

  Hiroki  Murakami 
     

Yoshiteru  Yokoi 
 

 

 

IC IC PC
 

 
Honshu-Shikoku Bridge Expressway Company Limited is doing seismic retrofit works for highway bridges located in some part of 

Kobe-Awaji-Naruto Expressway. The seismic retrofit works are being carried out in order to secure the emergency route which connect 
the prefectural capitals of Honshu and Shikoku Islands together with national highways in case of huge earthquake in the future.  This 
paper reports the outlines of the seismic performance evaluation, design, and retrofitting works of Muya Viaduct, multi-span continuous 
prestressed concrete bridge, located between Naruto-Kita IC and Naruto IC.   
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Fig.1 General view of Muya Viaduct 
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1  

RC

RC 250mm

Table 1 Outline of Muya Viaduct 

 

 

Table 2 Outline of dynamic analysis 

 
 

 
 

Fig.2 Overview of the Analysis model  

 

Fig.3 Element of the analysis model  

Table 4 Seismic performance evaluation (Bending moment) 

 

A1

P2

P1

Table 3 Result of seismic performance evaluation 
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Table 5 Reinformcement study for rubber bearings 
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Fig.4 Relation between the seismic intensity and displacement 
 

Table 6 Reinformcement study for the entire bridge system 
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Fig.5 Displacement restriction devices  
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Table 8 Summary of seismic retrofit 

 

 

Table 7 Outline of seismic retrofit of the bridge 
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Fig.7 Flow of reinforcement works 
 

 

Photo 1 Rural road around bridge piers 

 

Photo 2 Bridge piers adjacent to city road 

 

 

Photo 3 Earthwork 
 

 
 

 

Photo 4  Concrete placement 
SRS  

SRS 71mm
 

 

Photo 5 Mortar blowing 

PCM
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Photo 6  Concrete cure 

172

 

Photo 7 Installation of displacement restriction device 
 

 

Photo 8 Place dolly the members temporarily before installation 

 

Photo 9 Installation of the steel bracket 

 

Photo 10 Scatter prevention sheet 
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Peeling prevention method for high pier PC bridge(Kameura Viaduct)  damaged by salt corrosion 

 
 Takahiro Kanazawa 

Yuki Kishi 

 Yukio Nagao 
 

 

30

PC

30 years have passed since Kameura Viaduct (PC bridge)  was started to use. It has float and  crack by reinforced corrosion because it 
has located above the sea and it is damaged by salt corrosion.    

And, this viaduct has located  around special area second class national park and  ordinary national park area, and located just above 
prefectural roads, parking lots, promenade and fishing port. Therefore, it is important not to drop concrete pieces. But, to drop a concrete 
piece  was occurred in a part of the pier. After that,  emergency inspection, temporary measures, to repair the deteriorated concrete by 
section repair method and peeling prevention measure with surface coating were implemented.  

In this paper, a peeling prevention method for high pier PC bridge damaged by salt corrosion is descrived.  
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Photo.1 Kameura Viaduct
Fig.1 Draft of Kameura Viaduct
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Photo.2 Color change of mortar by the cracks

Photo.3 Emergency measure for the peeling prevention by a net

Fig.2 The flow of selecting the method for peeling prevension

Table.1 The years when  the fall prevention was enforced by sheets (Superstructure)
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Photo.4 Fixed suspended scaffolding (Full view)

Photo.5 Fixed suspended scaffolding (Inside)

Photo.6 Fixed suspended scaffolding (Undersurface)

Table.2  The years when  the fall prevention was enforced by sheets (Pier)
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Fig.3  The image of near infrared spectroscopy

Photo.7  The checking stuation of  near infrared spectroscopy

Fig.4  Calibration line of choloride content 
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WJFig.5 The distribution of chloride content in the concrete pier 

Fig.6 The result of predicting dispersion after repairing a section

Photo.7 The flow of  peeling prevention
Photo.8 Suface preparation by water jet 

Fig.8 The section of suface preparation 
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Photo.9 Surface preparation by vacuum blast 

Photo.10 Surface preparation by disk sander 

Fig.9 Placement of electrolytic protection (Galba shield) 

Photo.11 Setting situation of electrolytic protection (Galba shield) 
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Fig.11 The method of punching test

Photo.12 Setting situation of peeling prevention sheets 

Fig.10 The method to set the peeling prevention sheets
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Construction and considering the introduction of next-generation mobile radio  

 
 Kazuya  Tamatsu

 

 

MCA

IP

As a means of inter-base or field communication, including the site and the traffic control room at the time of  traffic management and 
traffic regulations and disaster prevention, maintenance and operation of the mobile radio system of the MCA scheme using an analog 
wave at the start of service for each route to have been. Update the mobile radio equipment that has now dilapidated, carrying digitized at 
the same time, the discussion study of the system construction of the design and use forms and necessary function by utilizing the IP 
network that is leading development in our communication line maintenance plan since went, I studied as well as reporting the results, etc., 
and is configured to perform the operation method and introduced future development using next generation mobile radio and new 
features. 
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Table 1 Whole line-service start time of each route 
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Fig.1 Existing mobile radio equipment system diagram 

Fig.2 Update mobile radio equipment system diagram 
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Fig.3 Disaster Recovery configuration conceptual diagram 

Fig.4 Software  switching image(Location information display device: 
default (for example, A root display)) 

Fig.5 Software  switching image(Location information display device: 
3 route display) 
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Table 2 Comparison of the 400MHz narrow-band  
digital communication system 

Table 3 Base station placement number of each route 

Table 4 Mobile station equipment dimensions weight comparison 

Vol.40 No.125 2015.9 37



 

 

50

 
  

 

 
  

 
  

 

 

 
 

 
 
 

Photo 1 Portable radio existing (left), update (right) 

Photo 2 Vehicle-mounted radio Existing (left), update (right) 

Fig.6  Examples of short message Image 1  
(vehicle-mounted radio  control console) 

Fig.7  Examples of short message Image 2 
( control console  vehicle-mounted radio) 
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Fig.8  Overview of the location information system 

Fig.9  Change image of Leaky Coaxial Cable  mounting position 
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An Investigation of the Cause of Center Stay's Failure and its 

Countermeasure in the 1st Kurushima Kaikyo Bridge  

 
 Shojii  Ogo 

Mitsukuni  Kajio 

Yoshiaki  Mizokami 

 

 

60
25

2

Center stays are installed in the 1st Kurushima Kaikyo Bridge, a long-span suspension bridge with a center span of 600 m, to restrain the 
longitudinal girder displacement, which contributes to prevent short-length suspender ropes from inclining excessively and thus from 
being bending fatigued. The stays are designed to intentionally fail at rod portions when 60% of a design seismic tension force, equivalent 
to one in case of an earthquake with a return period of 25 years, acts. 

Failure of two stays on the outbound side of the bridge was observed even though the stays had not been subjected to the design tension 
force. Besides, the failure occurred at screw portions of couplers at the rod-to-girder connection, not at the rod portions where its cross 
sections are intentionally reduced to induce the failure. An observation of the fracture surfaces revealed that the failure was caused by 
fatigue due to cyclic loading. This paper presents investigations, such as observations of the fracture surfaces, performed to identify the 
cause of the failure, fatigue damage estimations performed by measuring acting forces in the stays and countermeasures to be taken. 
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 Fig.1 General view of 1st  Kurushima Kaikyo Bridge
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Photo.1 Shift of Inbound Traffic Lane

Fig.2 Center Stay

Photo.2 Failure of Center Stay
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Table 1 Test Result of Chemical Component 

Photo.4 SEM images(pic.3 B 
10,000)

Photo.5 SEM images(pic.3 C 
10,000)

Photo.3 Fracture Surface and Locations of SEM Observation
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Photo.7 Observation Image

Fig.4 Locations of Strain Gauges
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Fig.6 FEM Analysis Result

Fig.5 FEM Analysis Model 

Table 2 72-hour Stress Measurment Results
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Table 3 Estimations of Rupture Life

Table 4 Estimations of Rupture Life supposing 10-year as Rupture 
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Fig.7 SN Curves (SNCM625)

Fig.8 Frequency Distributions of Stress (Rod B, D)
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Fig.10 FEM Analysis Result (R=0.7)

Fig.9 FEM Analysis Result (R=0.5)

Table 5 Difference of Ruptue Life depending on Screw Radious
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Study on Seismic Retrofit of Seto-Ohashi Bridges (Truss Bridges) 

 
 Susumu Fukunaga 

 Chihiro Kawatoh 
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Table1 Truss Bridges of Seto-Ohashi Bridges 
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Fig.3 Seismic retrofit of Bannosu Viaduct truss 

Fig2. Seismic retrofit by adding stiffeners 

Fig.1 Example of seismic retrofit for bearing 
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Investigation of inside moisture content of surface protected concrete   
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Study on repair method for crack in vertical stiffener at support of steel deck  
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Photo.1  Crack in vertical stiffener(example) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1 Detail of steel deck and location of the vertical stiffener   
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