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Photo 1 Changing center stay rod 

Photo 2 Existing center stay rods 

The center stay rod’s improvement of the fatigue durability and proposing rational inspection system 



 
 
 
 

 
 
 
 

 

 
 
 

 
The study of proper cleaning frequencies for the LED tunnel light equipment  

 

Photo 3 Visual environment inside Maiko tunnel 

Photo 4 Investigation situation 



 

 
For further growth of Honshu-Shikoku Bridge Expressway 

Takashi   Sakai 
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Seismic retrofit design of Ikuchi Bridge 
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The Ikuchi Bridge is 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 bridge will 
be completed by 2022. As the result of seismic performance verification, it was found that the displacement in the 
longitudinal direction would be large because the bridge is supported at multiple support points with rubber bearings 
and that the main tower and girder would be partially plasticized and the piers, foundations, bearings, and stoppers 
would be damaged. If all of these members are reinforced, the scale of seismic retrofit will be large. Therefore the 
reduction of longitudinal displacement by dampers were studied. As the result, it was found that the scale of seismic 
retrofit would be reduced. This paper presents the seismic retrofit design of the Ikuchi Bridge. 
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Fig.3 Acceleration response spectrum of input seismic motions 
(longitudinal direction) 

Table 1 Outline of bridge 

Fig.1 General view of bridge 
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Fig.4 Analytical model 
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Fig.5 Analytical model of girder (fibar model) Fig.6 Analytical model of seismic stopper 
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Fig.8 Seismic stopper (1P) 

Fig.9 Rigid stopper (1P) 

 

Table 3 Combination of seismic dampers 
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Table 4 Result of seismic performance verification with dampers 
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Table 5 Modification of rigid stopper 
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Fig.10 Result of pushover analysis with fiber model 
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Fig.11 Result of time-history response analysis with FEM model 

Fig.12 Result of pushover analysis with FEM model 
 (longitudinal direction) 

8 本　四　技　報



2018/05  

  

 

31

33

1) 1977.3 
2) 

Vol.32 No.110 pp.62-67 2008.3 
3) 10

Vol.42 No.130 pp.20-29 2018.3 
4) 

Vol.33 No.111 pp.18-23 2008.9 
5) 

2012.3 
6) 2012.3 
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Seismic retrofit design of Hakata Bridge 
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Hakata Bridge was designed with the Specifications for Highway Bridges (1980) that did not take into 

consideration level 2 earthquake. As the result of seismic performance verification with Specifications for Highway 
Bridges (2012), it was found that the piers and bearings would be damaged, and retrofit of that damage was studied. 
As superstructure is longitudinally supported only at the end abutment, 4A, comparative study for exchange of 
support condition was carried out. This paper reports the study for the seismic retrofit of the Hakata Bridge. 
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Table 1 Outline of bridge 
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Fig. 2 Analytical model 
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Table 2 Outline of seismic performance verification of piers 

Table 4 Outline of eismic performance verification of foundations 

Table 3  Outline of seismic performance verification of bearings 
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Table 5 Outline of full structural countermeasures 

Fig. 3 Bearing support structures and step prevention structures of 1A 
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The center stay rod’s improvement of the fatigue durability and proposing rational inspection system. 
 

 

.

 
 

For the center stay rod (hereinafter referred to as "rod") installed at the 1st Kurushima Kaikyo Bridge, it was 
confirmed that the breakage occurred at the mounting threaded portion of the stiffened girder and the rod, rather than 
the small diameter portion which is the supposed breaking point in the design. From the result of confirming the 
fracture surface in the previous paper, the fracture of the rod thread portion is estimated to be caused by fatigue, and 
an improved structure is considered as a measure against fatigue. In this paper, it is described that the result of the 
fatigue test by full-size rods in order to verify the influence of the screw base radius, and that the examination method 
using ultrasonic flaw detection. 

 
 

 

 
600m 3 2

4 2

 
 

 

Hiromichi Yamamoto Yuji  Hidaka Atsuhiro Okumura 

Fig.1 General view of 1st  Kurushima Kaikyo Bridge

 

Photo 1 Situation of inbound traffic lane shift
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Photo 2 Outline of Center Stay 
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Photo 3 Breakage of Center Stay 
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Fig.3 Position of screw root radius R 
 
 
 

 

Fig.2 Outline of Center Stay rod 
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Fig.4 General view of test piece 
 

Table 1 List of specifications of test pieces

 
 

5mm 90°
1mm

45° 60°  

2
72

200MPa

150kN)
3Hz 200MPa

200MPa

120MPa  

 

Fig.5 Locations of Strain Gauges 
 

 
 

(a) Loading frame (general drawing) 

(b) Loading frame (photo) 

Fig.6 Fatigue test loading frame 
 

Fig.7 Stress range from 72-hour stress frequency measurement  
actual bridge  
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Table 2 Repeat loading number of each specimen 
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Photo 4 Breakage surface of  existing rod after the test  
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Photo 5 New rod (R=0.3) after the test 
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Photo 6 New rod (R=0.7) after the test 
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Fig.8 Summary of the result of fatigue tests 
 

Photo 7 Confirmation of thread root R by thread gauge 

Photo 8 Confirmation of thread cutting tool R

 

R=0.7mm

R
R

R 0.7083mm
0.6812mm

 
(1) 1

.  
(2) 1

  
(3) 2

  
(4) 2

 

1 1

2

2

 

Fig.9 Flow of center stay rod installation 
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Fig.10 Installation position of the probe 

Table 3 Comparison of ultrasonic flaw detection tool 
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Table 4 List of test pieces
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Table 5 The result of confirmation of crack surface 
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The study of proper cleaning frequencies for the LED tunnel light equipment  
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Longer life expectancy of the LED tunnel light is realized than the conventional lamp light by renovating the 
Maiko Tunnel lighting facility. Increasing efficiency of the maintenance work is expected because LED units are 
exchanged every ten years corresponding to the exchange of the lamp bulbs. In the conventional tunnel light, 
exchanging lamp bulbs and cleaning work at the same time have prevented decreasing the luminous flux of the light 
equipment due to the dust coated on the glass of the light equipment. After the renovation to LED light facility, 
exchanging lamp bulbs is not needed. Because dirty environment around light equipment has been never changed, the 
periodical cleaning work of the LED light equipment are required like the same as before. There is, however, no 
standard designating the frequency of cleaning work for tunnel light equipment. This paper reports the investigation 
of the dirty condition of the tunnel light equipment and the study of cleaning frequency by the accelerated tests. 
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Table 1 Overview of the Maiko tunnel light facility 
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Photo2 Investigation situation Photo3 Investigation result
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Table 2 Experiment result of luminous transmittance 

Table 3 Result of component analysis 

Fig.2 Maiko Tunnel longitudinal profile 
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Table 8 Predicted year 

Table 9 Plan of the cleaning frequency 

28 本　四　技　報



 

2018  
2018 International Conference of Cable-supported bridge  
 

2018 7 5 2018
ICC ICC

2018 15

2 5 9
 

(Dry Air Injection 
System of Main Cables of Suspension Bridges)

 

 

 

40  IABSE  
40th IABSE Symposium Nantes 2018 
 

2018 9 19 21
International Association for Bridge and Structural Engineering

IABSE
Nantes IABSE

1929
 

40 570
”Tomorrow’s megastructures” 300

 (Re-evaluation of aerodynamic stability 
of suspension brigdes in Seto-Ohashi Bridges) 

 
 Technical Visit  Saint 

Nazaire Bridge 1975
404 m 720 m

3
PC

3356 m
40

1
PC PC

 
 

 

 

 

 

Vol.43 No.132 2019.3 29



 

10  
The 10th International Cable Supported Bridge Operators’ Conference 
(ICSBOC2018) 
 

10 (ICSBOC) 2018
10 17 19 3

1991
1

Jiangsu Communications Holdings
 

11 200

40  

 
2 2008

1,088m

 
1999
1,385m

 

15

 
11 2020

 
 

 

30 本　四　技　報



 

Technical articles related to Honshu-Shikoku Bridges 

Vol.43 No.132 2019.3 31



’

’

’

32 本　四　技　報



本四技報　第 132 号　目次
Contents of Honshi Technical Report No.132

【巻頭言】

本四高速の更なる発展に向けて…………………………………………………………………………………酒 井 孝 志… 1
For further growth of Honshu-Shikoku Bridge Expressway

【技術論文】

生口橋の耐震補強設計…………………………………………………… 平 山 靖 之 ・ 山 口 和 範 ・ 溝 上 善 昭… 2
Seismic retrofi t design of Ikuchi Bridge

伯方橋の耐震補強設計…………………………………………………… 山 口 和 範 ・ 溝 上 善 昭 ・ 平 山 靖 之…10
Seismic retrofi t design of Hakata Bridge

センターステイロッドの疲労耐久性向上及び………………………… 山 本 大 道 ・ 日 髙 裕 司 ・ 奥 村 淳 弘…15
合理的点検手法の考案
The center stay rod’s  improvement of the fatigue durability and proposing rational inspection system

トンネルＬＥＤ照明の適正な清掃頻度の検討…………………………………………… 日 高 英 治 ・ 西 野 晋 二…23
The study of proper cleaning frequencies for the LED tunnel light equipment

【技術ニュース】

2018 ケーブル橋梁国際カンファレンス ………………………………………………………………………貴 志 友 基…29
2018 International Conference of Cable-supported bridge 

第 40 回 IABSE シンポジウム（ナント） ………………………………………………………………………町 田 　 陽…29
40th IABSE Symposium Nantes 2018

第 10 回国際吊構造橋梁管理者会議 ……………………………………………………………………………本 郷 誠 人…30
The10th International Cable Supported Bridge Operator’s Conference (ICSBOC2018)

【文献紹介】

本州四国連絡橋関連技術文献紹介………………………………………………………………………………………………31
Technical articles related to Honshu-Shikoku Bridges

本四技報編集委員会・幹事会名簿（五十音順）平成31年2月28日現在
委員長 荻　原　勝　也 幹事長 山　口　和　範
委　員 朝　倉　義　博 幹　事 有　馬　敬　育
 磯　江　　　浩  池　田　秀　継
 臼　田　幸　生  薄　井　稔　弘
 遠　藤　和　男  敷　地　直　城
 大　谷　康　史  大　東　丈　朗
 梶　尾　光　邦  寺　嶋　賢　策
 貴　志　友　基  遠　山　直　樹
 古　村　　　学  長　尾　幸　雄
 竹　内　政　彦  中　川　秋　男
 竹　口　昌　弘  花　井　　　拓
 林　　　昌　弘  平　井　良　樹
 村　田　知　司  藤　田　憲　二
 山　口　和　範  森　　　幸　夫
 吉　本　紀　一  山　根　　　彰
   山　本　浩　之
   弓　山　茂　樹

本四技報　第 132 号

発　　　行 平成 31 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

本四技報132表紙.indd   2本四技報132表紙.indd   2 2019/03/07   10:09:322019/03/07   10:09:32



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.43  No.132  2019.3

本四技報132表紙.indd   1本四技報132表紙.indd   1 2019/03/07   10:09:322019/03/07   10:09:32


	本四技報132表紙
	本四技報132グラビア
	【巻頭言】本四高速の更なる発展に向けて
	【技術論文1】生口橋の耐震補強設計
	【技術論文2】伯方橋の耐震補強設計
	【技術論文3】センターステイロッドの疲労耐久性向上及び合理的点検手法の考案
	【技術論文4】トンネルＬＥＤ照明の適正な清掃頻度の検討
	【技術ニュース1】2018 ケーブル橋梁国際カンファレンス
	【技術ニュース2】第40 回IABSE シンポジウム（ナント）
	【技術ニュース3】第10 回国際吊構造橋梁管理者会議
	文献紹介


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 400
        /LineArtTextResolution 1200
        /PresetName <FEFF005B9AD889E350CF5EA6005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


