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Joint report meeting on the research attainments obtained in the exposure tests

20th Symposium on Research on Civil Engineering Steel Structures
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Photo 1 Full view of Marine Engineering Re-
search Facility

lwao Sasaki: He has been studying application and du-
rability of construction materials since fledgling research-
er of PWRI Chemistry Division in 1989. B.Eng.: Tokyo
University of Agriculture and Technology, Ms. Interna-
tional development studies: National Graduate Institute
for Policy Studies, Dr.Eng.: Hokkaido University

Fig. 1 Outline of Marine Engineering
Research Facility
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Fig. 2 Secular Change of Airborne Salt Amount by Means of PWRI-type Tank Method
(Secular Changes of Past Survey Results: East and West Sides of No. 1 Deck)
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Fig. 3 Secular Change of Airborne Salt Amount by Means of PWRI-type Tank Method
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Fig. 4 Effect of Height from Sea Sur-

. Table 1 Research Fields and Themes, and Research Allotment
face on Airborne Salt Amount

. Research field Specific research theme Research allotment
by Means of Mortar Thin Plate T A e
Method . e . .
Research on corrosion- 1) Application test for corrosion-protection AB
protection technology for coating/painting materials (MERF structure)
. steel structures in splash | 2) Durability test for corrosion-protection B
E and tidal zones coating/painting materials (test specimen)
§ Research on 1) Corrosion-protection technology for steel AC
s corrosion-protection product used in concrete
z 2105 spring/ technology for concrete 2) Development of design technology for AC
3 2015 summer structures in splash zone seawater-resistant concrete member
5 Research on cathodic 1) Development of cathodic protection design AD
"E' protection design method according to structure shape
i) technology in submerged | 2) Development of combined coating-cathodic AD
3“:’ zone protection design technology
Research on long-term 1) Application test for long-term protective AD
protective coatings in coating system
Salt penetrated into mortar thin plate (mdd) marine atmospheric zone | 2) Durability test for long-term protective AD
coating system
Arrangement of research ABCD
attainments

Research allotment:
A: Public Works Research Institute B: The Japan Iron and Steel Federation
C: Japan Prestressed Concrete Contractors Association D: Public Works Research Center

11
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Kenichiro Imafuku: After graduating from Depart-
ment of Civil Engineering of Tohoku University in
1993, he entered Nippon Steel Corporation (currently
Nippon Steel & Sumitomo Metal Corporation) and
then was assigned to the company’s Steel Research
Laboratories. He assumed his current position as Se-
nior Researcher, Materials Reliability Research Lab.
Steel Research Laboratories in 2013.

Photo 1 Exposure test conditions

Fig. 1 Distribution of Depth-direction Corrosion (Ordinary Steel)

15.5 years

Fi

@

Corrosion rate (mm/year)

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

Depth(mm.VS.TP)

2.5 years 5.5 years 9.5 years
14.5 years 19.5 years
Splash zone

Tidal zone Reduction of corrosion
—| due to macro cell
Reduction of oxygen in
Submerged zone underwater area

Loss of plate thickness (mm)

. 2 Secular Change in Corrosion Rate by Marine Environment

Upper area of
splash zone

Lower area of
splash zone

Upper area of
tidal zone

Lower area of
tidal zone

Submerged zone
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Exposure period (years)
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Fig. 3 Appearance of Common
Painted Steel Products af-
ter Rust Removal (top:
5-year exposure; bottom:
19.5-year exposure)

Fig. 4 Appearance of Thick Film-
type Painted Steel Products
(19.5-year Exposure)

Fig. 5 Appearance of Polyurethane
Coating after Rust Removal
(23-year Exposure)

Splash zone Tidal zone Submerged zone
Rust section
Splash zone Tidal zone Submerged
zone

Upper end section
of test specimen

Rust stains

Splash zone

Table 1 Cares in Application of Highly Corrosion-resistant
Stainless Steel Covering Protection Method

Tidal zone

Lower end section
of test specimen

Submerged
zone

Corrosion-protection

Highly corrosion-resistant stainless steel cover (Cr+3Mo+10N>38 (mass %))

method
Combined use of cathodic protection (about —770~-1000 mV (vs. SCE))
Envi n SEEie) Weld Damage-
nvironmen penetrated Gap section
Splash zone Weld-repaired section| section
Tidal zone Selection of Repar | No production of gap
appropriate epairis necessary | iy specimen installation

Submerged zone

welding material and
implementation of
appropriate welding

Cathodic protection
is effective

Cathodic protection is
effective

Fig. 6 Appearance of Titanium-covered
Steel Pipe after Shell Removal

Gap (between titanium and titanium) /

(29-year Exposure)
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Toru Yamaji: After graduating from the Univer-
sity of Kyushu in 1997, he entered the Ministry

of Transport and was assigned to Researcher,
Port and Harbour Research Institute in 1998. He
became Head of Materials Group, Port and Airport
Research Institute in 2010, and assumed his cur-
rent position as Director of Structural Engineering
Field, Port and Airport Research Institute in 2012.

Photo 1 Full view of Hazaki Oceanographical Research Station

Fig. 1 Example of Sections of Haza-
ki Oceanographical Research
Station

Corrosion-protection
coating

Photo 2 Polyethylene coating (black section:
polyethylene)

Wear-resistant cover

Steel pipe pile

Photo 3 Underwater cured-type coating (coating
of putty-state coat)
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Fig. 2 FT-IR Analysis Results of Polyethylene-coated Surface

Stud dowel
FT-IR analysis section CH2 1450cm™’
Embedded resin
l Polyethylene-coated surface ‘
Polyethylene
coating
CH2 1450cm'/ C=0 1740cm’ C=0 1740cm’
Reinforcing bar Concrete

Photo 4 Internal structure of concrete coating

Photo 5 Appearance of protective cover of pet-
rolatum coating method

Photo 6 Impedance measurement for painting

method

Photo 7 Magnet at anode-affixed section in ca-

thodic protection method
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Isao Sakai: After finishing the master’s course of
School of Engineering, The University of Tokyo, he
entered the Ministry of Land, Infrastructure, Trans-
port and Tourism (MLIT) in 1992. In 2010, he served
as Director, Port and Airport Research Institute. He
assumed his current position as Director, Engineer-
ing Administration Office, Engineering Planning
Division, Ports and Harbors Bureau, MLIT in 2016.

Table 1 Kind and Number of
Ports in Japan

Kind Number
International Container Hub Port )
International Hub Port 18
Major Port 102
Local ports 808
Total 933

Fig. 1 Improvement and Management Entities of Ports and Harbor Facilities

Improvement entity

Central government

Port/harbor administrator
(Local public entity)

Private enterprise

o Lo

o L

. __—

Facility provider
(Owner)

\.

Facility administrator

Commissioning of
management operation

Port/harbor administrator
Commissioning of

management operation to
port/harbor administrator )

-

( Central government ) ( ) )
(Government-owned Port/harbor administrator Private enterprise
port/harbor facility) y \_ y )
I | ] [
— = =
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Private enterprise
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Fig. 2 Ratio of Public Wharfs with Water Depth of 4.5 m or Deeper and Pass of 50 Years since Start of Service to

Total Wharfs

No. of wharfs
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Fig. 3 Image of Preventive Maintenance

Conversion to preventive maintenance

Effectiveness, performance

Prolongation of service life of facility

LT
ey
L

Dy
T -y
T Improvement . T~-
n
work "
(cost: small) -
n .
e, s| Radical
"-,. 1| renewal
o, . work
". | (cost: large)
% -
Q. ™
L) n
°
® =
° n
[)
Limit for standard serviceability %"

Initial lifecycle (design service period)

D=

In-service period

Fig. 4 Maintenance Cycle for Port/harbor Facilities

f| Working out of maintenance plan

L‘Guidelines for Working out of Maintenance and Management Plan for Port and Harbor Facilities”

7| Inspection and diagnosis

¥

“Guidelines for Working out of Maintenance and Management Plans for Port and Harbor Facilities”

ﬁ

Kind of inspection and diagnosis

Facility subjected to regular
inspection and diagnosis

Facility subjected to priority
inspection and diagnosis

Common periodical
inspection and

+ Once at least within
5 years

+ Once at least within
3 years

diagnosis

diagnosis
Periodical
inspection
and Detailed periodical
diagnosis | inspection and

+ Once at least in
appropriate time during
service period

* Whenever service
period is prolonged

* Once at least within
10~15 years

« Once at least within 10 years
for the facility that faces
main navigation route and
is subjected to specified

\3

technical standard j

L Z

7] Comprehensive assessment

.

“Guidelines for Working out of Maintenance and Management Plans for Port and Harbor Facilities”
+ Assessment based on engineering knowledge and judgement

L 2

Maintenance and repair plan

+ Planning of maintenance/repair method and implementation period

i Reexamination of |
1 inspection and !
! diagnosis plan !

¥

Implementation of maintenance work

Reexamination of maintenance and management plan
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Fig. 5 Maintenance/Management Plan and Preventive Maintenance Plan

\_

Maintenance and management plan

Preventive maintenance plan

XX Port

Wharf

Breakwater
Harbor road

(By facility)

%

(By port)

\_ /

diagnosis of relevant facility and their implementation period,
maintenance content and its implementation period

Plan Maintenance and management plan Preventive maintenance plan
Plan unit By each facility By each port and harbor
Objective | To contribute towards promotion of appropriate To contribute towards planned implementation of
maintenance and management (inspection, maintenance, countermeasure against superannuation by each
etc.) by each facility port and harbor
Plan Working out of basic concept for facility maintenance and Working out of countermeasure against superannuation and
content management, planned and appropriate inspection and prioritizing of implementation of countermeasure depending

on importance level of facility by taking superannuation and
application condition for respective facility into consideration
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Hiroshi Yokota: After finishing the M. Eng course at
Graduate School of Engineering, Tokyo Institute of
Technology, he entered Port and Harbour Research
Institute, Ministry of Transport (currently Port and
Airport Research Institute) in 1980. He assumed his
current position as Professor, Faculty of Engineering,
Hokkaido University in 2009. His specialized field cov-
ers concrete structure and maintenance engineering.

Fig. 1 Life-Cycle of Structure and Ilts Management

|PIanningH Design '—lexecution'—’l Use HLife-endl

Longer utilization
Ma ent

Meet people’s expectation

Standards
Codes Standards Mnt
Specifications
Standards
Guidelines Mnt
————————— Performance -------->
--------- Sustainability --------------->

Fig. 2 P-D-C-A Cycle in LCM?

PLAN Feedback
Optimum LCM scenario
[ 4 Feedback

Maintenance (DO)

PR i Y

\ Counter- J
measure

CHECK
Reason of the mismatch

ACTION
Improvements
(maintenance,
design, and/or

execution
methods)

)

Transferring and utilizing the information

Fig. 4 Sustainability Indicators

Fig. 3 Assessment and Prediction

I —\

Feedback (life extension,
maintainability, etc.)

\/
| Desion

Feedback
(construction
quality, etc.)

e

Sustainability

4 Assessment . . )
([T (=] S— SRR, S— ( Environmental >_< Social >_< Economic )
— aspect aspect aspect
Prediction ~ F\‘teptair
Require- at present -2 S Siantd + Climate change + Safety + Economic value
ment » Resources consumption * Health * Cost
* Pollution + Satisfaction * Productivity
Prosent — * Biodiversity + Cultural property * Benefit
Time « Ecological system + Community etc.

Design service life etc.

etc.
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Kunitomo Sugiura: After finishing the doctor’s
course at State University of New York at Buf-
falo, he became Assistant Professor at Kyoto
University in 1988. He assumed his current
position as Professor, Department of Civil and
Earth Resources Engineering, Graduate School
of Engineering, Kyoto University in 2006.

Photo 1 Overview of Shiomi Wharf No.3 of Sakai-Senboku Port
(Osaka Prefecture, Port Authority)

http://www.pref.osaka.lg.jp/kowan/kankatsu/sakasen-all.html

Table 1 Ground Sprin

Constants

Assumed in FE Analysis

Ground spring Height from ground
constants reference in seabed (m)
0-11] 11-13] 13-15
Vertical (kN/m) 49,247
Horizontal (kN/m) | 5,294 | 3,208 | 2,088
Rotation (kN-m/m) | 29,136 | 20,863 | 15,647

Table 2 Natural Frequency Obtained by
FE Model (1st order horizontal
vibration mode)

Parallel to

Perpendicular

Condition the shoreline | to the shoreline
onaisan | 1037 (H2) | 1.091 (H2)
oy | 2% | 03
Ground spring | ) caq (Hz) | 0.718 (Hz)

considered

Note: Torsional vibration mode with 0.843 Hz

Fig. 2 Acceleration Response of RC
Deck in the Horizontal Direction

Fig. 3 Comparison of Acceleration
Response

38

Wharf No.3

Fig. 1 Finite Element Model of Shiomi

Table 3 Reduction in Acceleration
Response by Corrosion Damages

Reduction in Maximum Reduction
cross sectional | acceleration (%)
area (%) response (m/s?)
Intact 0.158 —
2 0.157 0.62
12 0.125 20.8
39 0.090 B
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Yoshito Itoh: After graduating from Graduate
School of Engineering, Nagoya University in 1977,
he served as a research associate, Nagoya Universi-
ty. He became Associate Professor, Nagoya Univer-
sity in 1988 and Professor in 1995. He assumed his
current position as Invited Professor and Emeritus
Professor, Nagoya University, and President, Na-
tional Institute of Technology of Gifu College in 2016.

Fig. 1 Measured Pipe Piles

Fig. 2 Measured Thickness

Fig. 3 A Cantilever Model of Thickness-reduced Pipe Repaired by Patch Plate Fig. 4 Required Patch Plate Thick-
nesses from 106 Analytical
Cases
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Steel Construction Seminar

Newly Recruited and Young Engineer Training Program

Steel Structure Conference in Cambodia
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