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Photo 1 Buckling test for retrofitted member using Thread Rolling Screws

Photo 2 T-shape ribs installed on lower chord using Thread Rolling Screws (Hitsuishijima Bridge)

Seismic retrofit work for Seto-Ohashi cable-stayed bridges (Hitsuishijima and Iwakurojima Bridges)



Development of inspection robot for main tower of long span bridges

Photo 3 Field test of inspection robot for main tower

Photo 4 Field test of inspection robot for main tower (close-up)
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Seismic retrofit design of Shin-Onomichi Bridge and Tatara Bridge 
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The Shin-Onomichi Bridge and Tatara Bridge are at the area where the probability of the occurrence of large 

earthquakes with a seismic intensity level of Lower 6 or higher in coming 30 years is 26 percent or higher. Therefore 
the seismic retrofit of the bridges will be completed by 2022. As the result of seismic performance verification of 
Shin-Onomichi Bridge and Tatara Bridge, it was found that the displacement in the longitudinal direction,  strength of 
bearing etc. would be exceed the allowable range because cable stayed bridge easily sways in longitudinal direction. 
On this account, seismic retrofit design was conducted to control the displacement in longitudinal directon by 
installing buffer rubber at abutment in Shin-Onomichi Bridge and by using damper and stopper in Tatara Bridge. This 
paper presents the seismic retrofit design of the Shin-Onomichi Bridge and Tatara Bridge. 
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Table 1 Outline of bridge 

Fig.1 General view and bearing condition of Shin-Onomichi Bridge 

Fig.4 General view and bearing condition of Tatara Bridge 

Fig.2 Plane view of 6A abutment Fig.3 Wind shoe and rocking bearing (1A) 
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Fig.6 Rigid stopper (1A) Fig.5  Bearings at tower 

Fig.7 Type of considered earthquake Fig.8 Acceleration response spectrum of input seismic motions for 
Shin-Onomichi Bridge (longitudinal direction) 
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Fig.9 Acceleration response spectrum of input seismic motions for 

Tatara Bridge (longitudinal direction) 

Table 2 Outline of analytical element 
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Fig.10 Analytical model of Tatara Bridge 

Fig.11 Damaged portions (Shin-Onomichi Bridge) 

6 本　四　技　報



 

2P 3P 1A P1
P2 P3 4P

1A
2P

P1 P2 P3

950mm

 

 

 
1

50mm 100mm 150mm
50mm

150mm
100mm 100mm

1A 300 500 100mm 32 6A
300 500 100mm 18

Fig.12 Damaged portions (Tatara Bridge) 

Fig.13 Displacement at 4A expansion joint  

Fig.14 Modeling of abutment  
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Fig.16 FEM model of wind tongue 

Fig.17 Result of pushover analysis of wind tongue 

Fig.15 Installation of buffer rubber  
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Fig.18 Shear panel stopper  

Fig.19 Displacement and reaction force of  stopper (4P) 

Table4 Reaction force of  stopper  

Table 3 Comparative study of seismic retrofit (Tatara Bridge)  
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Fig.20 Members retrofitted (Tatara Bridge) 

Table5 Comparision of seismic retorofit design for three bridges 
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Instituting the standard for Simplified application process paint 
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Heavy-duty coating system has been applied to the steel members of the Honshu-Shikoku Bridges, and the area to 

be repainted is approximately four million m2 . In order to reduce repainting cost for the bridges, the extension of 
repainting cycle is essential, and Simplified application process paint has been developed in which higher durability 
can be expected. 
This paper reports the development and standardization of  Sinmlelified application process paint. 
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Table  1 Paint system with Simplified application process paint 
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   Fig.2  Rate of gloss retention 
 
 
 
 
 
 
 
 

 

    Fig3  Rate of gloss retention 
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Photo 1  Test painting in 2012 
 

H25

43 4

4 1 2000 2

11  

Vol.44 No.134 2020.3 13



125 m 25 125 150 m 55 m 79 m
125 m 31 125 m 55 m 68 m
125 m 26 125 m 55 m 70 m
125 m 27 125 150 m 55 m 82 m
125 m 30 125 m 55 m 72 m

H24

11 13mm
H25

 
 
 
 
 
 
 
 
 
 

Photo 2  Painting roller brush 
 

 
 
 
 
 
 
 
 
 

Photo 3  Test painting in 2013 
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                   Photo 4   Test painting in 2016 
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Photo 5 Test painting in 2018 
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Table 2  Film thickness of test painting in 2013 

25 150 175 m 55 m 84 m 60 m
25 150 175 m
25 150 175 m 55 m 60 m 72 m
25 150 175 m
25 125 150 m 55 m 110 m 60 m
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   Table 3   Film thickness of test painting in 2018 
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(H24.9) 2 (H25.6) 3 (H27.9) 5 (H29.9)
A 5.4N/mm2 N/mm2 N/mm2 N/mm2

B N/mm2 N/mm2 N/mm2 N/mm2

C 5.4N/mm2 N/mm2 5.7N/mm2 N/mm2

D 5.9N/mm2 N/mm2 5.4N/mm2 5.4N/mm2

A 5.8N/mm2 N/mm2 N/mm2 N/mm2

B 5.7N/mm2 N/mm2 N/mm2 N/mm2

C N/mm2 N/mm2 N/mm2 N/mm2

D 5.3N/mm2 N/mm2 N/mm2 N/mm2

(H30.12) 2 (R1.11) 2
A 84 60 71%
B 83 72 87%

C 74 65 88%
C 67 75 112%

D 78 69 88%

(H24.9) 2 (H25.6) 3 (H27.9) 4 (H29.9)
A 100.0 109.0 106.0 109.0
B 100.0 113.0 109.0 78.0
C 100.0 101.0 79.0 9.0
D 100.0 109.0 118.0 124.0
A 100.0 110.0 109.0 109.0
B 100.0 105.0 109.0 93.0
C 100.0 103.0 85.0 10.0
D 100.0 113.0 108.0 124.0

(H30.12) 2 (R1.11)

A 5.2N/mm2 4.5N/mm2

B N/mm2 4.3N/mm2

C 5.0N/mm2 5.3N/mm2

C 4.8N/mm2 4.5N/mm2

D 4.2N/mm2 5.2N/mm2

A 6.0N/mm2 5.0N/mm2

B 6.0N/mm2 4.7N/mm2

C 4.0N/mm2 4.8N/mm2

C 4.7N/mm2 3.8N/mm2

D 4.2N/mm2 4.3N/mm2
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         Table 4  Results of painting works 
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   Table 5  Results of adhesion stress (test painting in 2012) 
 
 
 
 
 
 
 
 
 

 
 
 

Table 6  Results of adhesion stress (test painting in 2018) 
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Table 7   Rate of gloss retention  (test painting in 2012) 
 
 
 
 
 
 
 
 

Table 8  Rate of gloss retention  (test painting in 2018) 
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Fig.3  Gloss measurement procedure 
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Photo 6 Washing test plate 
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Photo 7 Gloss measurement on test plate 
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Fig.4   Abstract of the standard for Simplified application process paint 
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Response of Akashi-Kaikyo Bridge in strong wind 
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In the Akashi-Kaikyo Bridge, many measurement devices are installed for the monitoring of the bridge behavior. By 

the strong typhoon Jebi that landed on September 4, 2018, the largest horizontal displacement of the girder and wind 
speed through the history of measurement were recorded. These data are analyzed and compared with the initial design. 
Although characteristics of the measured wind such as yaw angle against bridge and turbulence were different from the 
design assumption, initial design is verified by taking these parameters into consideration. In addition, it was 
confirmed that vortex-induced oscillation of the tower occurred under the wind conditions assumed in the design and  
TMDs (Tuned Mass Dampers) for the towers against vortex-induced oscillation worked properly. 
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Fig.1 Monitoring devices in Akashi Kaikyo Bridge 

Fig.2 Wind speed and wind direction at center of girder  Fig.3 Wind speed and wind turbulent intensity at center of girder 
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Fig.4 Power spectrum of wind speed at center of girder 

Fig.5 Co-coherence of  wind speed 
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Fig.6 Wind speed and displacement of girder at center 

Fig.7 Wind speed and displacement of girder at center  
( maximum displacement) 

Fig.8 Power spectrum of  displacement of girder at center  

Fig.9 Yaw angle from transverse axis of bridge and wind speed 
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Fig.10 Reduction of drag coefficient by yaw angle 

Fig.11 Comparison of design and measured horizontal displacement 
at center of girder ( vs. reduced wind speed) 

Fig.12 Comparison of design and measured dynamic component of 
horizontal displacement at center of girder  

( vs. reduced wind speed) 
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Fig.13 Comparison of gust response analysis and measured dynamic 
component of horizontal displacement at center of girder 

Fig.14  Waveform of wind speed and horizontal displacement at center of girder ( maximum displacement ) 
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Fig.17 Power spectrum of  Vibration velocity of tower and displacement of 
TMD ( during action of TMD ) 

Fig.16 Vibration velocity of tower and displacement of TMD  
( during action of TMD ) 

Fig.15 Vibration velocity of tower and displacement of TMD 
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Fig.18 Waveform vibration velocity of Tower, displacement of 
TMD and wind condition 
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Fig.19 Vibration velocity of tower and displacement of TMD  

Fig.21 Displacement of tower and TMD ( during action of TMD ) 
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Fig.20 Power spectrum of  Vibration velocity of tower and 
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Recommended specifications for partial repair of guss asphalt pavement  

 

(
)

( )

 
 

 
 

As the majority of the deteriorations of guss asphalt on steel deck of Honshu-Shikoku Expressways are localized 
damages such as partial blisterings, the repair works for the deterioration is basically conducted by partial replacement 
method. In this case, the water sealing between the existing part and the replaced part is the most important issue. 
However, the partial replacement with the same material as the existing guss asphalt leads to higher construction cost 
because of the manufacturing unit and transportation cost by cooker trucks. Thus, it's necessary to select workable and 
economical materials for the patrial replacement. Taking the above into account, the manual for partial repair of guss 
asphalt pavement is prepared as an internal material, and the important points in the repair works are specified in the 
manual. 
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Fig. 1 Pavement composition 
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Table 1 Test samples of  repair material  
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Table 2 Molded joint material specifications 
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Fig. 2 Core collection position        Photo2 Pressure and permeability test  

Fig. 4  Result of pressure and permeability test (unloaded) 
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Table 3 Dynamic stability 

Fig. 5 Wheel tracking test result

 
Photo 3 Wheel tracking test 
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Fig. 6 Displacement measurement result
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Fig. 7 Result of pressure and permeability test (After Wheel tracking 
testing) 
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Fig. 8  Result of pressure and permeability test (After low-temperature 
wheel tracking testing) 
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Photo 4 Machine of wheel load fatigue test

Table 4 Loading conditions 
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Table 5  Test sample composition 

 
 
 
 
 
 
 
 
 
 
 

Fig. 9 Test specimen Travel position  
 
 
 
 
 

 
 
 
 

Fig. 10 Loading position  
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Photo 5 Deflection measurement status

 
1 2mm 4 5mm  
( )  

6 P (t=3mm)  

Fig. 11 Deflection measurement results  
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Photo 6 Laser displacement meter 
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Fig. 12 Rutting measurement results  

Fig. 13 Joint step measurement results  
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Fig. 14 Cracking situation (after testing)
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Photo 7 Tensile adhesion test status
 

 
 

Photo 8 Delamination situation 
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Fig. 15  Result of pressure and permeability test (After outside wheel load 
testing) 
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Table 7  Physical properties of  repair material 

Table 8 Physical properties of molded joint material 
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Table 6  Applied materials
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Seismic retrofit work for Seto-Ohashi cable-stayed bridges (Hitsuishijima and Iwakurojima Bridges) 

 

T T
 

This paper reports the seismic retrofit work of the cable-stayed bridges of the Seto-Ohashi Bridges, the Hitsuishijima and Iwakurojima 
Bridges, which were completed in 2020. 

Based on the result of the seismic verification and the retrofit design, T-shape ribs were installed on the truss chords with one-side bolts called 
“Thread Rolling Screw” (TRS) in order to improve the buckling strength of the members. There were concerns about the lack of air and water 
tightness, and the load-carrying capacity of the joints tightened with TRS. In order to confirm these concerns, the air and water tightness test,  
the compression test were carried out. As a result, it was found that the TRS joint sufficiently possessed the air and water tightness and various 
structural performances required. 
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Photo 1Side view of Hitsuishijima and Iwakurojima Bridges

Table 1 Outline of bridges
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Fig. 1Retrofitted members of Iwakurojima Bridge (plane and side views)

Fig. 3Retrofited  lower chord member (cross-section view) 

Fig. 2Retrofitted members of IwakurojimaBridge (cross-section view)

Fig. 6 Specimen for air tightness testFig. 5 Photo 2 Air tightness test

TRS

Fig. 4Retrofited  lower chord member (side view)
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Fig. 7 Specimen for watertightness test
Photo 3 Water tightness test

Table2Case of  compression test

SUN

SWE

SHTB HTB T HTB M12 14
STRS TRS T TRS
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Photo6Deformation of  edge of  T-shape rib
Fig. 9Load-deformation diagram

Fig. 8 Specimen for compression test
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Fig.11Construction flow of reinforcement

Table 4 Structural detail

Fig.10Squareness measure point at flange 

Table 3 Construction quantity

Photo7Construction test 
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Fig.13

Fig.14
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Fig.15Primary tightening control Photo10

Photo11Primary tightening Photo12Secondary tightening

Photo13Connecting T-shape ribs Photo14Construct completion
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Development of inspection robot for main tower of long span bridges

300m

The main towers of long span bridges of Honshu-Shikoku Expressways are gigantic steel structures, and the height 
of the towers reaches nearly 300m at maximum. In order to get close to the main tower surface, we can use aerial 
platform, temporary scaffolding, gondola, rope access, etc. However, these access methods have problems in safety, 
usability, economy, etc. Therefore, a safer and more efficient access method for inspection work in particular is 
required.

In this report, our efforts in the technical development such as miniaturization, weight reduction, and usability 
improvement of the main tower inspection robot, which can run anywhere sticking on the steel tower surface through 
magnetic wheel, are described. In addition, the results of laboratory tests and field tests at the Akashi-Kaikyo Bridge 
are described. 

15
300m

Hideki Higashi Akira Kagawa Naoki Shikiji

Masahide Nakamura
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PDCA

100m
300m

1)

2)

1)

2)

Fig.1Height and shape of main towers of Honshu-Shikoku Bridges

Fig.2 Imagingpartandpositionof the main tower of Akashi-Kaikyo Bridge
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1)

2)

3)

(1)

(2)

(3)

(4)
300m 12m

(1)

10m

M24

15mm 43mm

Photo 1Step on the main tower surface

(2)

(3)

1)

2) 43mm
3)

4) 300m 1

100kg 30kg
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(1)

Fig3General viewof magnetic wheel(Standardtype)

(2)

10m/
300m

90°

300m

(1)

250mm 2.45kN
20kg/

3 60kg/

1)

5m/ 10m//
2)

2
1 3

3)

4)
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170mm 11.3kg

Table1Specifications of magnetic wheel for main tower inspection robot

(2)

(3)
1)

300m

2)

3)

a)

b)

(4)
1 1

30kg 80kg

1 0.58m
0.86m 0.26m

(1)

0.5kN

(2)

Fig.4Overall configuration
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(3)

Photo 2Visual observation from tower base

(1)
1)

±10%

2)

Table2Specification of the main tower inspection robot

Photo 3Situationof magnetic wheel unit test

Fig.5General view composition of the main tower inspection robot
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Table3Result of magnetic wheel unit test

Photo 4Situationofwinding device unit test

Table4 Result of winding device unit test

(2)

10m/

3m/
0 90°

(3)

980m 1.5

980m 552m 4

(4)

Photo 5Situation of laboratory tests

2P

Fig.6Commissioning at bottom of main tower
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Photo 6Situation of commissioning

1,000m
5

10m/ 3m/

25%
740m

300m 1

3
5m/

Table 5Future improvementsforinspection robot

2P 12 8m
296m
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(1) 2
280 70 / 4

(2) 90°

(3) 1 2
(4)

(5)

Photo 8Comparison of images by cameras on robot and tower base

Fig.7Inspection test operation image on the outside of the tower

Photo 7Situation of test operation
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300m
300m

1)
Vol.22 No.85 pp.11-20 1998.1

Table 6Future improvement items for the main tower inspection robot
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