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The first step of a challenge to realization in the bridge which can be used for more than 200 years 
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Upgrading of deterioration prediction for heavy-duty coating 

 
Masahiro   Otsuka 

Shigeki Kusuhara 
 

 

400
m2

The heavy-duty coating has been applied to the steel members of the Honshu-Shikoku Bridges, and its area is approximately 4 million 
m2. The preventive maintenance for coating, which is timely repainted only surface coat and middle coat is adopted, and the deterioration 
prediction of paint film is conducted to select the repainting period. According to the accumulated data, it was found that the weather 
resistance performance of paint film is higher than that of previous repainting plan, and extension of repainting cycle was expected.  

From a viewpoint of the preventive maintenance policy, the studies for high accuracy deterioration prediction method using the latest 
data of coating was carried out, in order to keep timing of the starting for repainting. 

The data of deterioration prediction for coating is influenced by the reduction rate of coat thickness and the remaining thickness of paint 
film, and each factor has dispersion. Therefore, the investigation method and modeling method for the dispersion of them were studied. 
This paper describes the high accuracy deterioration prediction method for the heavy-duty coating considering the dispersion of the 
characteristics of coating. 
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Fig.1 Heavy-duty coating 
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Fig.2 Deterioration prediction flow and consideration items
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Table 1 Reduction rate of coat thickness

Table 2 Remaining thickness of paint film

Fig.3 Distribution of reduction rate of coat thickness 
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Fig.5 Plot on probability paper of remaining thickness of paint film 

Fig.4 Histgram of remaining thickness of paint film 
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Table 3 Precondition for simulation(at Seto-Ohashi Bridges, 2010) 

Fig.7 Number of random numbers and dispersion of prediction results 
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surface coat thickness, coefficient of dispersion 

Table 5 Relationship between reduction rate of surface coat thickness 
 and exposed area of under coat 

 

Table 4 Results of simulation(at Seto-Ohashi Bridges) 
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Application and study of re-coating specification for corrosion protection of main cables of suspension bridges  

 
 Akira Moriyama 

Mitsukuni Kajio
 

 

For the corrosion protection of the main cables of suspension bridges, the surface of the cables is covered by some coating materials. 
However, deteriorations such as cracks have been reported in the coatings of some existing bridge cables, and repair works for the 
deteriorations are required in order to secure the airtightness of the cables. Focusing on the flexibility of the coating materials, the 
deterioration trend of existing bridge cables with various types of coating materials is studied. Based on the study result, re-coating 
specification for main cables of suspension bridges is proposed. In this paper, the proposed re-coating specification and the result of 
laboratory test to check the flexibility of the coating films are presented. Also, the workability of the test painting materials and the result of 
the follow-up inspection for the test painting are reported.  
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Table 1  Re-coating specification for conventional cable 

Fig.1 Corrosion protection system for conventional cable 
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Photo 2  Cross section of coating film  

Photo 1 Crack on the coating of main cable 

Fig.2 Zero-span tension rest
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Fig.3 Humidity conditions before the re-coating of cable 

Table 2  Deterioration of the coating of main cables 
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Table 3  Proposed re-coating specification for main cables 
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Photo 4  Situation of painting (Acrylic rubber)

Fig.4 Location and specifications of test painting 

Table 4  Workability of test painting materials

Photo 3  Situation of surface treatment
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Fig. 5  Result of flexibility test of coating film 

Table 5  Result of flexibility test of coating film 
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Renewal of Maiko tunnel disaster prevention system  

 
Toshihiro Matsuo 

Osamu  Nakamura 

Tomoki  Nishii 
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Fig.1 Categorization of road tunnels  

The disaster prevention system of Maiko tunnel, passed 16 years after installation, was renewed in order to secure the reliability and 
safety, and to improve the economic efficiency of the system. The renewal work was difficult because the renewal work had to be carried 
out under the situation where the existing/new systems coexist keeping the function of the system.  

 This paper reports the outline of the renewed system and the problem and technical challenges in the system switching works.  
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Table 1 Tunnel categorization and emergency facilities  

Fig.2  Tunnel emergency facilities in Maiko tunnel  

Fig.3 Renewed equipment  
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Fig.4  Disaster prevention transmission system existing system  

Fig.5  Disaster prevention transmission system new system  

Fig.6 Loopback function 

Table 2  Function of new disaster prevention transmission systemt 

Photo 2  New Disaster prevention reception board 

Photo 1 Relay amplification board  
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Fig.8  Corrosion condition of fire hydrants of the tunnel  
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Photo 3  Cleaning of fire detector  

Fig.7  Fire detector layout in the emergency parking zone 

Photo4  Signal converter  
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Photo 5  Foam fire hydrant before update   

Photo 6  Foam fire hydrant after update   

Photo 7    The juxtaposition of existing/new disaster 
prevention reception board  

Table 3  The contents of the switching work  
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Table 4  Safety measures in the switching work of the system  

Photo 8  Installation of foam hydrant  

Photo 9  Watering car and wardens  

Table 5  Schedule of the system renewal 
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Design and construction of seismic retrofit for Tosadomariura Bridge  

 
    

  Hiroki  Murakami 
     

Akira  Tanaka 
 

 

 

IC IC
 

 
Seismic retrofit works for highway bridges located in some part of Kobe-Awaji-Naruto Expressway are now 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 futute.  This report illustrates the outlines of the seismic performance verification, retrofitting design, and 
retrofitting construction works of Tosadomariura Bridge, located between Naruto-Kita IC and Naruto IC.  

 
 

 

 
( )

55

19

IC IC
IC IC

IC IC

 

 
 

 

Fig.1 General view of Tosadomariura Bridge 
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Table 1 Outline of the bridge 
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Table 2 Condition of dynamic analysis 

 
 

 

Fig.2 Analytical model (inbound bridge) 
 
 

 

 

Fig.3 Analytical model (outbound bridge) 
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Fig.4 Design seismic motion 
 
 
 

Table 3 Natural Period of Tosadomariura Vi. 
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Fig.5 Unseating prevention measures 
 

 

Fig.6 Seismic retrofit for bearings 
Vertical buffer anchor pin and additional beam  
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Fig.7 Seismic retrofit for bearings Shear stopper  

 

Fig.8 Seismic retrofit for bearings RC shear key and steel bracket  
 

 
 

Table 4 Outline of seismic retrofit of the bridge 

 
 

 

 
 

 

Table 5 Summary of seismic retrofit 
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Photo 2 Cultivated field adjacent to bridge piers 
 

 

Photo 3 A pier in a pond 
 

 

 
 

 
  

 

 

Photo 4 Suspended scaffolding around the pier cap 
 

 

Photo 5  Scatter prevention sheet around retrofitting work 
 

  

 

 

Photo 6 Retrofitting materials unloaded from bridge deck 
 

 

Photo 7 Horizontal material handling using H-shaped beams 
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Photo 8 Installation of retrofitting member in narrow space 
 

  

 

 

Photo 9 Rubber buffer 
 

 

Photo 10 Removal of side block and stopper of bearing 
 
 
 
 
 
 

  
3  

 

Photo 11 Shear stopper 
 

 

Photo 12 Vertical buffer anchor pin and additional beam at girder end 
 

 

Photo 13 RC shear key and steel bracket 
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Photo 14 RC shear key and additional steel beam 
 

  

 
 
 
 
 
 
 
 
 
 
 
 

Photo 15 Sprayed zinc and aluminium coating  
for corrosion protection of bearing 
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Improvement of Dehumidification Condition for Splay Chamber of the Center Anchorage of  

Kita & Minami Bisan-Seto Bridges 

 
 Takenobu Kitamura 

 Masahiro Takeguchi 

Masaki   Misaka
 

 

 

50%RH

2 BB4A
 

 
The relative humidity inside of the splay chambers of the anchorages of the Honshu-Shikoku Bridges is controlled below 50%RH to 

protect the main cables from corrosion. Because the splay chambers of the BB4A center anchorage of Kita and Minami Bisan-Seto 
Bridge have the largest volume in the Honshu-Shikoku Bridges, the humidity controlled volume was minimized by covering the cable 
strands using dampproof sheet in order to improve the humidity condition. In particular, the BB4A anchorage, the commoditized 
anchorage between the Kita and Minami Bisan-Seto Bridges, has the complicated chambers which accommodate the strands of the two 
suspension bridges.  This paper reports the measures and the results of the improvement of the dehumidification condition inside the spray 
chambers of the BB4A anchorage. 
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Fig.1 Kita Bisan-Seto Bridge and Minami Bisan-Seto Bridge
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Table.1 Comparison of splay chamber volume

Table.2 Setup of operation of dehumidifier

Fig.2 Layout of splay chamber ( BB4A) Photo.1 Arrangement of cable strands inside splay chamber ( BB4A)
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Fig.3 Layout of dampproof sheet ( BB4A)

Fig.4 Layout of dampproof sheet of saddle part

Photo.2 Layout of dampproof sheet of saddle part
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Photo.3 Layout of dampproof sheet of ladder part

Fig.5 Layout of blowers  ( BB4A)

Table.3  Specifications of blowers( BB4A)
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Fig.8 Incidence of humidity inside the east splay chamber ( BB4A)

Fig.7 Humidity condition inside the west splay chamber ( BB4A)

Fig.6 Humidity condition inside the east splay chamber ( BB4A)
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Fig.9 Comparison of humidity condition between before and after setting of dampproof sheet ( BB4A)
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LED  
Application of LED lighting for the bicycle and pedestrian way of a long-span bridge  

 
Akihiro   Ueda  

Tetsuya   Kobatake

 

32
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The pedestrian lightings of the Innoshima bridge, passed 32 years after the installation, were severely corroded, and almost all of the 
lighting fixtures were tied by fall prevention stainless steel band. However, there still remained the possibility that the corroded parts would 
fall down, so the renewal work of the lighting fixtures has been required.  Recently, the technology of high power LED has been developed, 
and the LED lighting is now being widely spread in our everyday life.  Also, for road and tunnel lighting devices, long life, low power 
consumption, and energy saving lighting equipment are developed.  

With such a background, the lightings of bicycles and pedestrian way of the Innnoshima bridge were renewed with the LED lightings. 
This paper reports the result of illuminance and light-leak measurements for the LED lightings.
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Table 1 Fluorescence and LED lightings 

Photo.2 Lighting fixtures  

Photo.1 Lightings for the bicycle and pedestrian wayFig.1 Arrangement of the lighting
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20 6

Fig.2 Brightness setting  

 
JIS

JIS Z9111
JIEC-006 1994

JIS
JIS Z9111

JIS Z 9111

Table 2 Illuminance criteria for pedestrian ways 

5 1 
20 4 
3 0.5 
10 2 

1.5m

JIEC-006-1994

Table 3 Recommended illuminance according to the criteria for outdoor 
public lighting for pedestrian 

20 4 
15 3 
10 2 
10 2 
7.5 1.5 
5 1 

7.5 1.5 
5 1 
3  
20 4 
15 3 
10 2 

3
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Fig.3 Light leaks on shipping route 
 

14m

0.006
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lxlxlx 0086.00026.0006.0  (1) 

0.01

Fig.4 Light leak simurations for existing lightings 
 

 

 

LED
26 9 25

JIS C 7612

2 3
1/4
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Fig.5 Illuminance measurement (1) 

0.0086lx 
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Fig.6 Illuminance distribution Renewed LED lighting  

Fig.7 Illuminance distribution Existing fluorescence lighting  

Photo.3 Fluorescence (left) and LED (right) lighting at night-time  
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LED

3
3

Table 4 Optical performance of lightings 

4.23lx 0.05lx 0.012 
19.3lx 0.9lx 0.467 

LED LED
LED

19.3

 

2P
3P

(2)

0.01
0.006

0.004

0.01

Fig.8 Fluorescence lighting fixture  

Fig.9 LED lighting fixture  

Photo.4 LED lighting fixture  

Fig.10 Illuminance measurement (2) 
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Fig.11 Light leak measurement locations  

 

LED
LED

LED

LED

1)
19 10
2)

3)
10 2

4)
58 6

Table 5 Measurement result 
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Overseas Report (Safety Inspection of In-service Bridges in the United States of America) 
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Photo 2 Materials for Training Photo 3 Training Facilities of TxDOT 
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11)
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TxDOT
1  

2013 1 28 2 8 2
1 26 27

 
 

  

NHI
2 30 TxDOT

5
5 3 2

 
 

(1)  

86%

(9.
)

(10.)
FCM (12.)

20 (6.1m) 15)
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(15.)
 

3

NBI16)

AASHTO

NBI AASHTO
25%

3

 
 
(2)  

 
 
(3) NBI  

17) 18)

FHWA

Item 1
Item 6 Item 9

Table 1 Modules of the Cource

44 本　四　技　報



(Item 67-69 )
(Item 58-62)

 
3

(Item 58) (Item 59) (Item 
60) / (Item 61)
(Item 62) "N" 0

9 10 9 0
9 7 good 6 5 fair 4

poor Item 58 60

10 1
1  

(3) AASHTO  
NBI 3

AASHTO  
AASHTO

( 15))

2
(NBE)

( BME)

(Defect Flag)
BME

2 3
 

(CS)
4 CS 1 good CS 2 fair

CS 3 poor CS 4 severe
NBI

4

4
CS

CS
36

(10.9m) 62 (19m)
358 359

 
21

16

1

AASHTO 2011
 

 

2 2
2 4

TxDOT
TxDOT NBI

AASHTO
1 45 1

4 1.2m
2.4m 1.8m 0.6m PC

Table 2 NBI Condition Evaluation 
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NBI Item 59 6

AASHTO
109 PC CS 2 fair  

 
 

AASHTO NBE

30 40
NBI
AASHTO

2
25 2

45  
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2
1
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Table 3 Example of AASHTO Bridge Element Assesment

36 ft

CS2 504 sqft

CS1 1,116 sqft

CS3 36 sqft

CS3 3 ft

Ce
nt

er
 L

in
e

62
 ft

CS1 36ft

CS1 33ft

CS2 576 sqft
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1
30  

20

1
 

2

 

Paul J. Barr Thomas 
Ryan Ridhard Smith Josh Derechin

TxDOT Brandi Rountee

Min "Sean" Yoon

TxDOT

1) Safety Inspection of In-service Bridges, FHWA/NHI, Course No.130055 
2) Texas Department of Transportation (www.txdot.gov/) 
3) ,  “ ”, J-
BEC , Vol.1, 2006 
4) , “ 1) ”, J-BEC

, Vol.3, 2007 
5) Federal Highway Administration (www.fhwa.dot.gov/) 
6) Code of Federal Regulations, Part 650, Subpart C - National Bridge 
Inspection Standards, 650.309 Qualifications of personnel 
7) National Highway Institute  
(www.nhi.fhwa.dot.gov/default.aspx)  
8) FCM; Fracture Critical Members 
9) Engineering Concepts for Bridge Inspectors, FHWA/NHI, Course 
No.130054 
10) Introduction to Safety Inspection of In-Service Bridges, FHWA/NHI, 
Course No.130101 
11) Prerequisite Assessment for Safety Inspection of In-Service Bridges, 
FHWA/NHI, Course No.130101 
12) Bridge Inspector's Reference Manual (BIRM), FHWA NHI 12-0492012, 
2012 
13) Outcome NHI 130055  
14) American Association of State Highway and Transportation Officials : 

 (www.transportation.org/) 
15) "Guide Manual for Bridge Element Inspection 2011" AASHTO 
16) NBI; National Bridge Inventory 
17) NBIS; National Bridge Inspection Standard, Code of Federal Regulations, 
Part 650, Subpart C 
18) SI&A sheets; Structural Inventory and Appraisal Sheet 

Photo 4 Prestressed Concrete Bridge for Field Study Photo 5 Certificate of Training
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48 本　四　技　報



 
 

2014 11 8 16 9
7  
 

 
  

 
JB  

 
 

1931
3 2

1067m 1000m

1962
 

1
4 6

2

6  
10 10

2025
2.5 592

2004

 

1955 3
369m

4881m 60 

1999
2011

2 3
366m RC

2018  
2

4
 
2013 1

100

 
 

1952
1973 2 3 2

488m

 

3

4
4

AE
 

1
2

3.5

               

Vol.39 No.124 2015.3 49



 
 

765m
6 PC P1 P2

122.3m 18.0m 170m
 

(7m ) 1
RC

PC PC
(

)
PE

PC6
(P1-P2 P3-P4 P4-P5 )

2
( )  

( 1200 )
P1 P5
20m

1,080m3
1 3

 
A2

 
27 1

 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

50 本　四　技　報



 
30  

UJNR
G 1984

30
2014 10 21 23 3 D.C.

22 21 43
16 19 35

Accelerated Bridge 
Construction (ABC)

ABC

Vol.39 No.124 2015.3 51



 

52 本　四　技　報



Vol.39 No.124 2015.3 53



本四技報編集委員会・幹事会名簿（五十音順）平成27年2月28日現在
委員長 伊　藤　進一郎 幹事長 福　永　　　勧
委　員 石　原　和　幸 幹　事 糸日谷　淑　光
　　　　　磯　江　　　浩  薄　井　稔　弘
 伊　藤　豊　秋  遠　藤　和　男
 今　井　清　裕  岡　本　浩　幸
 楠　原　栄　樹  熊　井　貴　弘
 小　林　義　弘  佐　伯　成　巳
 古　村　　　学  遠　山　直　樹
　　　　 角　　　和　夫  中　川　秋　男
 廣　田　昭　次  西　野　拓　志
 福　永　　　勧  藤　城　忠　朗
 村　田　知　司  藤　田　　　太
 森　山　　　彰  松　尾　俊　宏
 矢　野　　　稔  森　　　幸　夫
 山　口　和　範  山　根　　　彰

本四技報　第 124 号

発　　　行 平成 27 年 3 月 15 日
編集・発行 本州四国連絡高速道路株式会社
印　　　刷 有限会社　セキグチ

本 州 四 国 連 絡 高 速 道 路 株 式 会 社
Honshu-Shikoku Bridge Expressway Company Limited 
〒651-0088　神戸市中央区小野柄通 4-1-22
アーバンエース三宮ビル内
電話番号：078(291)1000（代表）
http://www.jb-honshi.co.jp

54 本　四　技　報



本四技報
HONSHI TECHNICAL REPORT

本州四国連絡高速道路株式会社編集
EDITED BY HONSHU-SHIKOKU BRIDGE EXPRESSWAY COMPANY LIMITED

ISSN 0912-6953

Vol.45  No.135  2020.9

本四技報135表紙.indd   1本四技報135表紙.indd   1 2020/08/12   11:44:052020/08/12   11:44:05


	本四技報124表紙
	本四技報124グラビア
	【巻頭言】『挑戦』の第一歩
	【技術論文1】重防食塗装の劣化予測の高度化
	【技術論文2】ケーブル気密化のための塗装仕様検討と試験施工
	【技術論文3】舞子トンネル防災システムの更新
	【技術論文4】土佐泊浦高架橋の耐震補強設計・施工
	【技術論文5】共用アンカレイジスプレー室内の除湿効率改善
	【技術論文6】LED 照明の海峡部橋梁自歩道への適用
	【海外報告】米国橋梁安全点検講習
	【技術ニュース1】IABSE Madrid 2014及び北欧長大橋調査
	【技術ニュース2】米国東海岸長大橋調査
	【技術ニュース3】備前♡日生大橋平成27年4月16日開通（予定）
	【技術ニュース4】第30回日米橋梁ワークショップ
	文献紹介



