
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.42  No.130  2018.3

明石海峡大橋20周年，瀬戸大橋30周年特集
Special Issue of Akashi-Kaikyo Bridge 20th
and Seto-Ohashi Bridges 30th Anniversaries

本四技報130表紙.indd   1本四技報130表紙.indd   1 2018/03/08   16:58:582018/03/08   16:58:58



本四技報　第 130 号　目次
Contents of Honshi Technical Report No.130

【巻頭言】

失敗学………………………………………………………………………………………………………………北 口 雅 章… 1
Study of Failure

【特集号前文】

本四高速における維持管理と技術開発…………………………………………………………………………荻 原 勝 也… 2
Maintenance Management and technical Development of Honshu-Shikoku Bridge Expressway

明石海峡大橋供用 20 周年によせて ……………………………………………………………………………小 林 義 弘… 3
Thinking of Akashi Kaikyo Bridge 20th

瀬戸大橋の維持管理………………………………………………………………………………………………福 永 　 勧… 5
Maintenance of Seto-Ohashi Bridges

【特集号記事】

本四連絡橋の塗替塗装に関する取組……………………………………………………… 久 米 昌 夫 ・ 竹 口 昌 弘… 7
Eff ort to recoating for the Honshu-Shikoku Bridges

本州四国連絡橋における疲労対策………………………………………………………… 林 　 昌 弘 ・ 溝 上 善 昭…15
Fatigue prevention method on Honshu-Shikoku Bridges

この 10 年における本四連絡橋の耐震補強 ……………………………………………… 西 谷 雅 弘 ・ 田 村 　 正…20
Seismic retrofi t for Honshu-Shikoku Bridges in the last 10 years

吊橋ケーブル送気乾燥システムの管理 20 年 …………………………………………… 貴 志 友 基 ・ 朝 倉 義 博…30
Management of the Dry Air Injection System for Main Cables of Suspension Bridges for 20 years

本四連絡橋 海中基礎防食のあゆみ …………………………………… 鎌 田 将 史 ・ 貴 志 友 基 ・ 岡 本 　 豊…38
The history of corrosion protection for underwater foundations of Honshu-Shikoku Bridges

道路維持管理設備の改善と今後の課題……………… 朝 倉 義 博 ・ 吉 本 紀 一 ・ 小 野 祥 史 ・ 明 野 晃 治…44
Improvement of the Road Maintenance Facilities and Future Issues

【技術論文】

瀬戸大橋斜張橋（櫃石島橋、岩黒島橋）の耐震補強設計…………… 西 谷 雅 弘 ・ 田 村 　 正 ・ 平 山 靖 之…52
Seismic retrofi t design of Seto-Ohashi cable stayed bridges (Hitsuishijima Bridge and Iwakurojima Bridge)

瀬戸大橋吊橋のグレーチング閉塞に伴う耐風安定性検討…………… 花 井 　 拓 ・ 竹 口 昌 弘 ・ 町 田 　 陽…59
Aerodynamic stability evaluation for Seto-Ohashi suspension bridges with closed open gratings

櫃石島高架橋トラス部、与島橋２径間部の耐震補強設計…………… 西 谷 雅 弘 ・ 田 村 　 正 ・ 平 山 靖 之…67
Seismic retrofi t design of truss bridges (truss portion of Hitsuishijima viaduct and two-span portion of Yoshima Bridge)

第六伊毘高架橋塗替塗装工事における素地調整方法の比較検討……………………… 貴 志 友 基 ・ 長 尾 幸 雄…75
Comparison of treatment methods for repainting of the 6th Ibi viaduct

【海外報告】

コンゴ民主共和国…………………………………………………………………………… 貴 志 友 基 ・ 藤 田 憲 二…83
Democratic Republic of the Congo

本四技報130表紙.indd   2本四技報130表紙.indd   2 2018/03/08   16:58:582018/03/08   16:58:58



【技術ニュース】

神戸淡路鳴門自動車道 淡路島中央スマートインターチェンジ供用開始 …………………………………佐 伯 成 巳…87
Opening of Awajishima-Chuo Smart IC on Kobe-Awaji-Naruto Expressway

第 9 回ニューヨーク市橋梁会議…………………………………………………………………………………平 山 靖 之…88
9th New York City Bridge Conference

Eurosteel Copenhagen 2017（第 8回鋼と複合構造に関する欧州会議） ……………………………………鎌 田 将 史…89
Eurosteel Copenhagen 2017 (the 8th European Conference on Steel and Composite Structures)

第 39 回 IABSE シンポジウム（カナダ） ………………………………………………………………………奥 村 淳 弘…90
39th IABSE symposium, Canada

国際吊構造橋梁管理者会議アジア地域ワークショップ開催（神戸） ………………………………………遠 山 直 樹…91
ICSBOA Asia Regional Workshop in Kobe

IRF 世界道路会議 (WRM2017) の開催 …………………………………………………………………………信 重 和 紀…91
IRF 18th World Road Meeting 2017

第 9 回アジア太平洋風工学会議…………………………………………………………………………………花 井 　 拓…92
The 9th Asia-Pacifi c Conference on Wind Engineering (APCWE)

日本道路会議優秀論文賞受賞……………………………………………………………………………………寺 嶋 賢 策…92
Outstanding paper award in Japan Road Conference

国土技術研究会自由課題優秀論文賞受賞………………………………………………………………………寺 嶋 賢 策…93
Outstanding paper award in MLIT Technology Conference

瀬戸大橋が 20 世紀遺産 20 選に選定……………………………………………………………………………池 田 秀 継…93
Seto-Ohashi Bridges were selected as one of Top 20 of Twentieth-century heritages in Japan

本州四国連絡橋関連技術文献紹介………………………………………………………………………………………………94
Technical articles related to Honshu-Shikoku Bridges

総目次………………………………………………………………………………………………………………………………97
List of All Contents of Honshi Technical Report 
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The history of corrosion protection for underwater foundations of Honshu-Shikoku Bridges  

Improvement of the Road Maintenance Facilities and Future Issues 

Photo 7 Dry Box for corrosion protection work on the steel caisson (Iwakurojima Bridge 3P) 

Photo 8 New traffic management room in Kobe operation center 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Aerodynamic stability evaluation for Seto-Ohashi suspension bridges with closed open gratings 

 
Seismic retrofit design of truss bridges (truss portion of the Hitsuishijima Viaduct and two-span portion of the Yoshima Bridge) 

Photo 9 Wind tunnel test 
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Maintenance Management and Technical Development of Honshu-Shikoku Bridge Expressway  
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Maintenance of Seto-Ohashi Bridges 
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Recoating for the Honshu-Shikoku Bridges 

 

Masao Kume  Masahiro Takeguchi

 

400 m2

 
Heavy-duty coating system has been applied to the steel members of the Honshu-Shikoku Bridges and the area to 

be repainted is approximately 4 million m2. In order to reduce repainting cost for the bridges, the extension of 
recoating cycle is essential and the development of much durable materials or specifications is required. And to 
conduct efficient recoating based on preventive maintenance strategy in that only top and middle coats are repainted 
according to the prediction of paint film consumption, improvement of prediction precision is required. 
 In this paper, improvement of durability of heavy-duty coating system and development of thick film paint system in 
that recoating cost and period are reduced are reported for the cost reduction for recoating. Also, improvement of film 
consumption prediction and study for the prediction of peel-off of paint film are explained. 
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Fig.1 Heavy-duty coating 

 

Fig.2 Model of coating deterioration 
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Fig.3 Rate of gloss retention at Miyako Island 
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Fig.4 Fixed measure point at HistuishiJima Bridge 

 

 

Fig.5 Comparison of rate of gloss retention 
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Table 1  Thick film paint 

 

Table 2 Results of painting works 
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Fig.6 Rate of gloss retention after 3 years from testing works 

Table 3 Results of adhesion stress at Minami Bisan-Seto Bridge 

 

 

Fig.7 Rate of gloss retention at Miyako Island 
 

 

Fig.8 Rate of gloss retention and paint film thickness reduction 
 at Miyako Island 
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Fig.10  Relation between paint film disappearance period and  rate of 
paint film thickness reduction 

 

Fig.9 Concept of  coating degradation prediction  
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Fig.11 Distribution of remaining coating thickness 
(Seto-Ohashi Bridges). 

 

Fig.12  Concept of coating degradation prediction  

 

Photo 2  Coating peeling at main tower of Akashi Kaikyo Bridge 

 

Photo 3  Coating peeling at girder of 2nd Kurushima Kaikyo Bridge 
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Photo 4 Yellowing of middle coat 
 

 

Fig.13  Relationship between top coating thickness and separation 
strength 

 

 

Photo 5 Cross-sectional observation results 
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Fig. 14 Relationship between coating thickness and 
oxygen permeability performance 
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Fatigue prevention method on Honshu-Shikoku Bridges 

 

Masahiro Hayashi  Yoshiaki Mizokami

 

 
In Honshu-Shikoku Bridges, the fatigue design were started in the field of the stiffening truss member used for a 

road and railway  combined bridge. Various fatigue tests with the large scale fatigue testing machine were carried out, 
and the result has been applied to the design criteria and the fabrication standard for long span bridges. Many fatigue 
damages were recently reported by another road management offices, and many kind of fatigue prevention methods 
were also reported. This paper describes the development process of the fatigue design on Honshu-Shikoku bridges, 
and reports the studies that are aimed at ensuring the safety of the structure for fatigue damage.  
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Photo 1 Large scale fatigue testing machine Photo 2 Automatic ultrasonic flaw detection 
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Fig.4 Detail of repair method from lower side of deck 
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Seismic retrofit for Honshu-Shikoku Bridges in the last 10 years 

 

 

 

 

 

10
 

 
Large-scale earthquakes, such as Tonankai-Nankai Earthquake, are to be happened in the near future. The seismic 

force of such earthquakes may exceed earthquake motions considered in the original design for Honshu-Shikoku 
Bridges. Seismic retrofit study has been going on to further improve the seismic safety of Honshu-Shikoku Bridges 
against large earthquakes because the Bridges have no alternative highways regardless of a part of important 
highway networks. The report shows the outlines of the evaluation of large earthquake ground motions, seismic 
verification and retrofit design for both the Akashi-Kaikyo Bridge and the Seto-Ohashi Bridges. 
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Fig. 1 Fault model for Tonankai-Nankai Earthquake 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2 Fault model for Rokko-Awaji Earthquake 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3 Fault model for earthquake from Median Tectonic Line 
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Fig. 4 Design acceleration response spectra for Akashi-Kaikyo Bridge 
 

Fig. 5 Design acceleration response spectra for Seto-Ohashi Bridge 
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Fig. 6 Analytical model for Kita-Bisan Seto Bridge 
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Fig. 7 Deck girder supports to be damaged (Kita-Bisan Seto Bridge) 
 

 
 

 
Fig. 8 Truss members to be damaged 
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Fig. 9 Link type expansion joint (Akashi-Kaikyo Bridge) 
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Fig. 10 Fall prevention measures -1 of expansion joint                                                Fig. 11 Fall prevention measures -2 of expansion joint 
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Fig. 13 Retrofit plan for Yoshima Bridge 

 

 

Fig. 14 Analytical result by FEM with 3-dimensional model 
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Fig. 15 Retrofit plan for Yoshima Viaduct, 4P pier 
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Management of the Dry Air Injection System for Main Cables of Suspension Bridges for 20 years 

Yuki Kishi Yoshihiro Asakura
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Since the main cable of the suspension bridge is the most important member that is difficult to replace, reliable 
corrosion protection is absolutely necessary. For this reason, Honshu-Shikoku Bridge Expressway(HSBE) developed 
the first- ever dry air injection system for the main cables in the world, applying the system for the all suspension 
bridge in HSBE. 

This paper reports the status of management, the examples of improvement and the future prospects for the 
dehumidification systems that have been installed for 20 years, focusing on the cases of Akashi-kaikyo Bridge and 
Ohnaruto Bridge. 
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Fig.1 Corrosion protection system for conventional cable 

Photo 1 Corrosion on unwrapped cable (Innoshima Bridge) 
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Fig.2 Cable wrapping system (Akashi-Kaikyo Bridge) 
 
 
 
 
 
 
 
 
 
 
 

Fig.3 Outline of dehumidification system (Akashi-Kaikyo Bridge) 
 
 
 
 
 
 
 

Fig. 4 Layout of dehumidification system (Akashi-Kaikyo Bridge) 
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Fig.5 Outline of dehumidification plant 
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Fig.6 Results of critical humidity test by volume of salt included 
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Fig.9 Changes in summer relative humidity 
 

 
 
 
 
 
 
 
 
 
 
 

Fig.10 Changes in winter relative humidity 
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Photo 6 Cable open survey of Akashi-Kaikyo Bridge 
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Photo 7 Moisture proof sheet and exhaust port at top of saddle section 
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Fig. 11 Improvement by recirculation of dry air 
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Fig. 12 Addition of the pre-air conditioner 
 
 
 
 
 
 
 
 
 
 
 

Fig. 13 Relative humidity and power consumption 
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Fig. 14 Concept of dehumidification system (Ohnaruto Bridge) 
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Photo 10 Degradation situation of supply pipe (Ohnaruto Bridge) 

Photo 11 Replacement status of supply pipe (Ohnaruto Bridge) 
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Photo 12 Existing exhaust pipe Photo 13 Added injection cover 

Fig. 15 Exhaust cover change point 
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Photo 14 Unwrapping of main cable (Cable bottom) 
 
 
 
 
 
 
 
 
 

Photo 15 Inner layer of wier 
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Fig. 16 Transition of the relative humidity in the top saddle 
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The history of corrosion protection for underwater foundations of Honshu-Shikoku Bridges 

 

 

 

 

 

 
 
It was necessary to build the foundations of Honshu-Shikoku Bridges in the ocean. The laying-down caisson 

method was developed for construction of underwater foundations of the Seto-Ohashi Bridges. In this method, a steel 
caisson was used as a formwork. At that time, the steel caisson’s corrosion prevention was not considered. Thereafter 
this method was also used for construction the Akashi-Kaikyo Bridge, Tatara Bridge and Kurushima-Kaikyo Bridges. 
These caissons are maintained in a sound condition by increasing plate thickness of the steel caisson or installing the 
electric protection system. Furthermore, the corrosion protection by the electric protection or the electro deposit 
method are being applied to the Seto-Ohashi Bridges’ caissons. 

This paper reports the transition of mind to maintain a steel caisson’s condition and the corrosion protection work 
at Seto-Ohashi Bridges. In addition it reports the work of multi-column foundation using steel pipes at Ohnaruto 
Bridge. 
 

 

 

 

10

1)

 

Masafumi Kamata Yuki Kishi Yutaka Okamoto

Photo 1 Towing of steel caisson (Seto-Ohashi Bridges) 
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Photo 2 Casting aggregates of underwater concrete 
(Seto-Ohashi Bridges) 

Photo 3 Multi-column foundation (Ohnaruto Bridge) 

Photo 4 Steel pipe and scaffolding (Ohnaruto Bridge) 

Table 1 Originally concept of corrosion protection for steel caisson or steel pipe
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Fig.1 Concept of electro deposit method 
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Photo 8  Situation of construction by using DryBox 

Fig.2 Corrosion protection for the multi-column foundation 
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Photo 9  Measurement of shape dimensions

Fig.3 Method of electrometry 
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Improvement of the Road Maintenance Facilities and Future Issues 

 

 
 
 
 
 
 
 
 
 

 

 
 

Honshu-Shikoku Bridge Expressway(HSBE) deploys a wide variety of facilities and equipment for operation 
and maintenance to efficiently manage roads and bridges, providing safe, secure and comfortable services for 
customers. In order to maintain these facilities and equipment, by using new technologies to cope with the changes of 
the times, HSBE is rendering high quality road services, upgrading and improving facilities in terms of safety and 
efficiency based on life cycle costs, remodeling maintenance vehicles for girder to safely and efficiently conduct 
proximity inspection, and developing inspection / repair technologies.  

This paper reports that in recent years HSBE has been working on improvements of the existing facilities, 
update of the facilities introducing new technologies, development of the inspection equipment for the road 
maintenance facilities and equipment and future issues. 
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Photo 1 New traffic management room in Kobe operation center 
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Fig.1 Configuration of traffic management system 
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Fig.6 Flow of tap water, recycled water, sewage at a rest area 

 

Fig5 Location information using GPS 
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Photo 6 Leakage situation of water supply pipe and case of repair 
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Photo 8 Girder maintenance vehicles of Ohnaruto Bridge 

 Fig.7 Approach area by maintenance vehicle of Ohnaruto Bridge  

Photo 9 Hard-to-reach area and localized corrosions 
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Fig.8 Modification plan for the Ohnaruto Bridge  
 
 
 
 
 
 
 
 
 
 
 
 

Fig.9 Approach area by remodeling vehicle of Ohnaruto Bridge  
 
 
 
 
 
 
 
 
 
 
 

Photo 10 The situation before and after the remodeling of vehicle 
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Seismic retrofit design of Seto-Ohashi cable stayed bridges (Hitsuishijima and Iwakurojima Bridges) 
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Seismic retrofit of the Seto-Ohashi Bridges and approach viaducts, approximately 12km-long highway-railway 
combined section, has been conducted since 2013 and will be completed by the spring of 2021. This paper presents 
the results of seismic performance verification and the seismic retrofit design of the Hitsuishijima and Iwakurojima 
Bridges. 

As the result of the seismic performance verification, it was found that lower chords of transverse trusses in the 
bridges and an end pier of the Iwakurojima Bridge would be damaged. It was decided that the seismic measure using 
rib reinforcement was selected. 
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Table 1 Outline of bridges 

Fig.1 General view 
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Fig.2 Acceleration response spectrum of input seismic motions at the bottom of HB2P 

Fig.3 Analytical model of Hitsuishijima Bridge 
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Fig.4 Analytical model of triangular link and spring bearing 

 
Table 2 Model elements and damping constant of members 

 
Fig.5 Non-linearity of wind bearing (slip model) 

55 本　四　技　報



 

1 1
2.5

4
2

 

FEM

 
4

5 IB4P

10m

HB2P IB2P IB3P

 
 
 

 

h=2%

h=0%

2  

h=0%

 
Table 4 Comparison of weight of a superstructure 

 
Table 3 Summary of seismic performance verification 
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Fig.6 Relative displacement between truss girder and 
stopper bearing (HB1P) 

Fig.7 Minimum and maximum bending moments 
 of tower (HB3P) 

Fig.8 Damaged portions in Hitsuishijima and Iwakurojima Bridges 
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Fig.9 Retrofitted portions of transverse truss 

Fig.10 Seismic retrofit of lower main chords 
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Aerodynamic stability evaluation for Seto-Ohashi suspension bridges with closed open gratings 

 

 

 
 

Open gratings are installed in the center divider and side strips of the road decks of three suspension bridges of the 
Seto-Ohashi Bridges (Shimotsui-Seto, Kita Bisan-Seto and Minami Bisan-Seto Bridges) to secure the aerodynamic 
stability of the bridges. However, they are burden in maintenance stage at the same time. In order to close these open 
gratings to enhance maintainability, aerodynamic stability evaluation is conducted. As an evaluation method, three-
dimensional flutter analysis that was developed during the design stage of the Akashi Kaikyo Bridge is used. By the 
evaluation, it is found that the center divider gratings in whole of the side spans and the some portions of center spans 
can be closed. In addition, with the center barriers installed in the some portions in centers spans, whole center divider 
gratings can be closed. 
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Table 2 Eigen value analysis result 
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Fig. 9 Opening ratio and flutter speed (Angle of attack: +3 degree) 
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Fig. 10 Flutter mode shape (Angle of attack: +3 degree) 
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Fig. 11 Center grating closable range 
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Fig. 15 Center barrier installation range 

50

60

70

80

90

100

0%20%40%60%80%100%

(m
/s
)

73m/s

50

60

70

80

90

100

0%20%40%60%80%100%
(m

/s
)

79m/s

50

60

70

80

90

100

0%20%40%60%80%100%

(m
/s
)

79m/s

65 本　四　技　報



  

 

 

 

 
 

1) 
2001 2001 

2) 

No.543/I-36 pp.209-216 1996 
3) 1976

1976.3 
4) 

Vol. 13 No.52 pp17-28 1989.10
 

Vol.42 No.130 2018.3 66



2017/11  

 

 
 

Seismic retrofit design of truss bridges (truss portion of  the Hitsuishijima Viaduct 
and two-span portion of the Yoshima Bridge) 
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Seismic retrofit of the Seto-Ohashi Bridges and approach viaducts, approximately 12km-long highway-railway 
combined section, has been executed since 2013 and will be completed in 2020. Seismic verification and retrofit design 
have been conducted for groups of bridges categorized by bridge type such as girder,truss bridge,suspension bridge 
etc.in accordance with retrofit schedule.This paper presents seismic retrofit design for the  truss portion of the 
Hitsuishijima Viaduct and 2-span portion of the Yoshima Bridge . 
Seismic verification and retrofit design have been conducted to achieve Seismic Performance Level 2 specified in the 

Specification for Highway Bridges. For the truss potion of the Hitsuishijima viaduct, reinforcement of truss members 
that include the ones over rail lines was reduced by truss girder isolation. And for the two-span portion of the Yoshima 
Bridge, reinforcement of truss members was reduced by distribution of inertia for road girders. 
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Fig.3 Analytical model 

Fig.2 Input seismic motions 
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Table 5 Summary of seismic performance verification 

Table 6 Seismic retrofit measures for truss bridges 

Fig.4 Results of seismic performance verification 
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Fig.5 Working condition inside of truss bridge Fig.6 Replacement of truss girder supports with isolation bearings 

  

Fig.7 Reduction effect of acceleration response  
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Fig.8 Seismic retrofit members  

  

  

Fig.9 Distribution of inertia for road girders  
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Fig.11 Reinforcement methods 
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Comparison of surface preparation methods for repainting of  the 6th Ibi viaduct 
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In the painting system for the 6th Ibi viaduct, thick inorganic zinc rich paint (hereinafter called “inorganic zinc”) which 

have high corrosion protection ability is used for lower layer, and chloroplane rubber paints are used for upper layer because 
the 6th ibi viaduct is located around the Naruto cape with the severe corrosion environment. Recently, repainting with 
removing all of the old paints was to be done because blistering and peeling by cohesion failure of inorganic zinc were found. 

This paper reports comparison results for proper surface preparation methods for the repainting, since old paints include 
small amount of toxic substance such as lead. 
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Fig.1 Location of 6th Ibi viaduct 

Photo 1 6th Ibi viaduct 

Table 1 Painting system at the construction  

Table 2 Painting system for repainting 

Photo 2 Peeling on the web of main girder 

Photo 3 Peeling on the web of  end sway bracing 
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Table 5 Comparison test of surface preparation methods 

Photo 4 Peeling of coating layer by paint remover (first time) 

Photo 5 Peeling of coating layer by paint remover (second time) 

Photo 6 Car with an exhaust device (on the road) 

Photo 7 Exhaust duct (inside the scaffolding) 
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Case4

0.05mg/m3

Case1 Case3

Case1

Case3

2)

Case4
85dB

95dB

3

Case1

Photo 8 Consistency measurement of harmful substances in the air 

Table 7 Measured noise Photo 9 Noise measurement 

Table 6 Measured consistency of harmful substances in the air 

Fig.3 Protection while dry type surface preparation  work 
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(2)
1)

Case1 Case4

8hr/ /m2

Case1

Case2

Case3
Case1

Case4

5

Case4

Table 8 Productivity of each surface preparation method  
Fig.4 Protection while wet blasting work 

Photo 10 Surface 4 days after wet blasting 

Photo 11 Surface immediately after finising blast 

Photo 12 Inside the scaffolding while wet blasting 
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2)
Case1 Case3

Case1

Case2

Case3

Case4

Case1

3)
Case1 Case3 Case4

Case2

Case3

4)

0.3mg/l

0.3mg/l

5)

Photo 13  Wet blasting work 

Table 9 Consistency of dust 

Table 10 Volume of industrial waste by paint remover 

Table 11 Volume of industrial waste by blast 

Photo 14 Ring brush 
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4) pp. -116- -120

2014.3

Photo 15 Machines for blasting 

Table 12  Machines used for surface preparation test 
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Fig.1 Democratic Republic of the Congo 

Fig.2 Matadi 
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Photo 1 Matadi Bridge (From upstream) 

Photo 4 Corrosion of steel slab injection bolt 

Photo 2  Degradation of surface layer asphalt 

Photo 3 Crack check 
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Photo 7 Decreace of flatness 
 

Photo 5 Situation of road rise and flow 

Photo 6 Chronic congestion 

Photo 8 Status of waterproofing workers (2A upstream side) 
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Photo 9 Status of getting on to the work vehicle 

Photo 10 National route 1 
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Eurosteel Copenhagen 2017 8
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The 9th Asia-Pacific Conference on Wind Engineering (APCWE)  
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