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Masafumi Miyata: After graduating from the Graduate
School of Engineering of the Tokyo Institute of Tech-
nology in 1994, he worked at the Port and Airport Re-
search Institute of the Ministry of Land, Infrastructure,
Transport and Tourism (current name) and the Minis-
try’s National Institute for Land and Infrastructure Man-
agement. He assumes his current position as Director,
Port Research Department of the National Institute for
Land and Infrastructure Management since 2012.

Fig. 1 Legal Framework for Technical Standards for Port and Harbour Facilities in Japan

Port and Harbour Act

(Article 56-2-2)

Technical Standards for Port and Harbour
Facilities

(Article 56-2-21)

Issuing Recommendations to Bodies
Managing Specified Port Infrastructure
subject to Technical Standards

Cabinet Order of Port and

Ministerial Ordinance of Port and
Harbour Act Harbour Act
(Article 19) (Article 28)

Takashi Niimura: After graduating from the
Graduate School of Engineering of the Kobe
University in 2003, he worked at the Ministry
of Land, Infrastructure, Transport and Tour-
ism. He assumes his current position as Di-
rector for Technical Standards, Engineering
Planning Division, Ports and Harbours Bu-
reau of the Ministry of Land, Infrastructure,
Transport and Tourism since 2018.

Facilities subject to Technical Standards  Stipulation of Facilities Excluded from Coverage

(Article 28-22)

Specified Facilities subject to Technical Standards

------------------------- Technical Standards for Port and Harbour Facilities in Japan
Ministerial ordinance to prescribe Technical Standards establishing

(Article 2-5)
Definitions: Port Infrastructure

Technical Standards for Port and Harbour Facilities

subject to Technical Standards

subject to Technical Standards

——— The Public Notice to set forth the details necessary for Technical Standards
—— The Public Notice to set forth the details necessary for construction of the facilities

—— The Public Notice to set forth the details necessary for maintenance of the facilities

Table 1 Outline of Contents of Technical Standards and Commentaries
for Port and Harbour Facilities in Japan (Revised in 2018)

Part I General

Chapter 1 General Rules

Chapter 2 Construction, Improvement, or
Maintenance of Facilities Subject to
the Technical Standards

Chapter 3 Environmental Considerations on
Facilities Subject to the Technical
Standards

Part I Actions and Material Strength
Requirements

Chapter 1 General

Chapter 2 Meteorology and Oceanography

Chapter 3 Geotechnical Conditions

Chapter 4 Earthquakes

Chapter 5 Earth Pressure and Water Pressure

Chapter 6 Ground Liquefaction

Chapter 7 Ground Subsidence

Chapter 8 Ships

Chapter 9 Environmental Actions

Chapter 10 Self Weight and Surcharge

Chapter 11 Materials

Part I1I Facilities

Chapter 1 General

Chapter 2 Items Common to Facilities Subject
to the Technical Standards

Chapter 3 Waterways and Basins

Chapter 4 Protective Facilities for Harbours
Chapter 5 Mooring Facilities

Chapter 6 Port Transportation Facilities
Chapter 7 Cargo Sorting Facilities

Chapter 8 Storage Facilities

Chapter 9 Facilities for Ship Service
Chapter 10 Other Port Facilities

Part IV Reference Technical Information

[For Part I]

Chapter 1 Major reference documents

Chapter 2 Reliability-Based Design

Chapter 3 Environmental Considerations

[For Part II]

Chapter 1 Observations, Investigations and
Tests

Chapter 2 Investigations and Tests after Large
Earthquake with Tsunami Attack

[For Part III]

Chapter 1 Basic Information on Seismic Design

Chapter 2 Dedicated Use Barthes

Chapter 3 Planning Method of Port Transpor-
tation Facilities

Chapter 4 Tables and Charts for Design Calcu-
lations

L Design methods designated by the proviso stated in the Article 56-2-2 (3) of the Port and Harbour Act



Table 2 History of TSCPHF (Japanese
Version and English Version)

Japanese version

English version

Issue year Pages Issue year
1979 692 1980
1989 968 1991
1999 1,181 2002
2007 1,485 2009
2018 2,218 2020 (planned)

Fig. 3 Example of Design with
Consideration to Mainte-
nance Stage (Inspection
Catwalk Applied in Jacket-
type Wharf)

Installation
of inspection
catwalk from
the design
stage so as
to allow for
easy mainte-
nance

Fig. 5 Evaluation of Collapse
Probability, and Relation
between Design Point and
Characteristic Value Applied in
Settling Partial Factor

Failure sphere

Failure/Non-failure
boundary line

z . .
=3 Design point
(%)

(0]

2

©

>

(@]

£

3

9 Characteristic value

Non-failure sphere

Resistance value R (kN)

Fig. 2 Image of Remote-control Operation of Movable Loading/

Unloading Machinery

Fig. 4 Difference between Material Factor Approach and Load and Resistance

Factor Approach
Cohesive strength C~ Weight W Surcharge q

Shear resistance angle ¢

Partial factor method based on “material factor approach” where
each material or individual design parameter is multiplied by the
corresponding partial factor respectively

Shift to:

Partial factor method based on “load and resistance factor approach”
where each integrated value of various loads or resistance capacities is
multiplied by the corresponding load factor or resistance factor respectively

(Integrated resistance term calculated by intact design parameters (characteristic values))

(Integrated load term calculated by intact design parameter (characteristic values))

Fig. 6 Image of Persistent Breakwater in Tsunami-resistant Design

Overtopping flow

Teumenmats feving &
IScale]largergthant
jihatoffdesign] N .
HESUNAMIS) Maintaining of stability
as high as possible
Il
Persistent structure

RUBGIS
flow]

Devising of breakwater crest

Installation of
covering block

Installation of
reinforcing
embankment

Laying of scouring-prevention mat

Fig. 7 Examples of Structural Types of Living Creature Symbiosis-type
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Yozo Fujino: After receiving the Ph. D from the University of Wa-
terloo, Canada, he became Assoc. Professor in 1982 and Profes-
sor in 1990 of the Faculty of Engineering, the University of Tokyo.
He assumed his current position as Distinguished YNU Professor
of the Institute of Advanced Science, Yokohama National Univer-
sity in 2014. He received the Japan Academy Prize in 2019. He
serves as the Program Director of the Cross-Ministerial Strategic
Innovation Promotion Program (SIP) of the Cabinet Office.

Fig. 2 SIP Research and Development for Infrastructure Maintenance, Renovation, and
Management Technologies

(1) Inspection, Monitoring . B
and Diagnostics Technologies (2) Structural Materials, Deterioration

Mechanisms, Repairs, and Reinforcement Technologies

X-rays, Neutron beam, Lasers, Microwaves, Near-Infrared ohi . "
. ) g ot Establishing a structural material research center, maintenance
, Spectroscvopy, Elgctromagnetlcs, Acoustics, etc. technologies, luminescent materials, new thermal spray materials,
Public Works Research Institute, National Institute for Land Infrastructure Management, ultra-durable concrete
PDCEN, Japan, AIST, Tsukuba Technology, Alcoetta Technology, Pacific Consultants, o o
Shutoko Engineering, Okayama University, Gifu University, NIMS, AIST, Osaka Prefecture University, Okayama University
Tokyo University of Agriculture and Technology

(5) Asset Management Technologies

Infrastructure Regional Governments
Roads, railways, harbors, airports, Implementation of road infrastructure management cycles in Private Technology Development
irrigation facilities, water supply Japan and overseas; mechanisms for concrete bridge deterioration; ~ Contracts, Bids ) N
(underground structures), asset management for irrigation facilities and harbor structures Cooperation with Regional Universities
river embankment, Overseas Expansion
embankment slopes, dams University of Tokyo, Kyoto University, Tokyo Institute of Technology,

Kanazawa University, NARO, PARI

(4) Rohotics Technologies
Adjustable girders, flexible guide frame, flight robotics,

(3) Information and Communications Technologies

semi-submerged unmanned construction Road and bridge screening technologies, freeway sensing data
’ . . . processing, storage, analysis technologies, optimization of
Shibaura Institute of Technology, Tohoku University, Waseda University, wireless communications
Meijo University, Kyoto University, Association of Unmanned Construction Technology, . . )
HiBot, NEC, Fujitsu, Public Works Research Institute, Ministry of Land, National ",‘\IS#FUB?PNTI”LW"‘SUPS' NE)H(.(%O E?St Japan,
Infrastructure, Transport and Tourism , JIF Techno ocience, nitachi

*Infrastructure Operations and Management Overview (participating organizations as of November 13, 2014

Fig. 3 Drones Being Developed in SIP for Inspection of Fig. 4 Bridge Corrosion Investigation Using ELECT
Bridge Girders and Piers
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Ema Kato: After graduating from the School of Engineering of the Tokyo Institute
of Technology in 1997 and receiving the degree of Ph. D from the University of
Tokyo in 2002, she entered the Port and Airport Research Institute (PARI). She
served as chief researcher at PARI’s Life Cycle Management Research Center in
2007 and assumed her current position as group leader at PARI’'s Structural Engi-
neering Department in 2013. Her specialization is concrete engineering.

Fig. 1 Life-Cycle Management System for Port and Harbor Facilities"

| Plan |

v

| Design |

+ Conceptual design
« Service life determination
» Performance verification

LCM

scenario

| Execution |

v

| Maintenance |47

 Performance assessment
* Prediction

» Functional obsolescence
« Service life and future use

Scenario
update | Record
Demolition/Re-use
Intervention |
[
Fig. 2 PTC Sensor and Petrolatum Lining System
1.0
FRP cover
—— Steel pipe pile
us| 0 — pipe P!
—— Petrolatum material
10, Formed PE sheet
g [mm] Installation of PTC Sensor on
PTC sensor steel pipe pile
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Fig. 3 Outline of SAMSWING
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Yoshiaki Kikuchi: After finishing the master’s course at the
University of Tokyo in 1983, he entered the Ministry of Trans-
port (currently Ministry of Land, Infrastructure, Transport and
Tourism: MLIT). Then, he worked at MLIT’s Port and Airport
Research Institute. He assumed his current position as Pro-
fessor, Faculty of Science and Technology of the Tokyo Uni-
versity of Science in 2012. His specialization is geotechnical
engineering and geo-environmental engineering.

Table 1 International Comparison of Static Bearing Capacity Estimation
Equations for Steel Pipe Piles

Technical Standards and Eurocode 7 | US Army Corps
Commentaries for Port and (EC7) of Engineers
Harbor Facilities in Japan (JSPH) (USACE)
Toe resistance
300N NgsO'v Nyo'y
Sandy soil | 9» (KN/m?) w -
ground | Shaft resistance , ,
ge (KN/m?2) 2N Ks;a'v tan 0 Ksa'v tan 0
Toe resistance
6cy 9c, + 'y 9c.
Cohesive gp (kN/m?) °
soil ground | Shaft resistance @ 67 ac
gs (KN/m2) " Y “

Notes

N: SPT-N value; c,: shear strength of the ground; Nq: bearing capacity coefficient; o'\: effective
over burden pressure; Ks: earth pressure coefficient; a: adhesion factor; &: shaft friction angle
between pile and ground

Fig. 1 Comparison of Bearing Capacity = Fig. 2 Comparison of Estimation

Coefficients between Eurocode 7 Results for Pile Toe Bearing
and US Army Corps of Engineers Capacity in the Case of N Value
(Both upper limit value USACE-U and of Ground=50

lower limit value USACE-L are specified
in US Army Corps of Engineers)
200 - - : :

Unit bearing capacity q (kN/m?)
00 10000 20000 30000 40000
SPT-N=50
y'=7 kN/m?

_ 4
[o2 3¢ o]
o O

-
>
=)

-
N
o

[o]
o

Depth (m)

(o]
o

Coefficient of bearing capacity Ng
N =)
o o

N
o

o

20 25 30 35 40 45 901 expansion

Internal friction angle (degree) 100 theory
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Fig. 3 Comparison between Measured Pile Toe Resistance and
Calculated Pile Toe Resistance

Pile toe resistance per unit area (kN/m?)

Pile toe resistance per unit area (kN/m?)
0 5,000 10,000 15,000 20,000 25,000 30,000

0 5,000 10,000 15,000 20,000 25,000 30,000
0r !
- |+ Calculated value (EC7)
L |=Calculated value (cavity expansion theory)
-10 [Fe Calculated value (JSPH)
[ |oMeasure value (pile toe)
-20
O ] A
= a0 o sy A
£ 5 #uk
Z o af
o -40 'y
° & 9 a A
(@)
3 @ 4 4
3 50
é O e m a
W -0 —
i ® O R P A
'70; ) [} H A
-80 O $ =
-90

(a) Pile diameter: 1,000 mm or lower

Fig. 5 Estimated pK, along Pile Axial
Direction (z=100 mm)

125 T T T T
E |D,=80%, D=50 mm, z=100 mm|
= 100 /' 1
8
5 5 —+—t=2 mm| |
= f-fizzmm
—-—t=4mm
E 5 <
3
c 25 B
©
@
8 ‘ | ‘ ‘
0 2 4 6 8 10

Embedded depth (m)

0 f
ACalculated value (EC7)
=Calculated value (cavity expansion theory)
-10 [ Calculated value (JSPH)
oMeasure value (pile toe)
-20
¥ c® am " 2
80O » A
0 © cel a1
-40
OO [ J | |
-50
-60 0 ® m A
oX [ i 4
-70
-80 O o B A |
-90

(b) Pile diameter: More than 1,000 mm

Table 2 Ground Conditions and Loading Tests Applied

Project Loading tests applied
AR Static loading Rapid loading Dynamic Ground condition
test test loading test

1 O O Solid cohesive soil

2 O Good

3 O O Bad

4 @) @) @ Cohesive soil

5 O O Soft

6 O @) Sandy soil

7 O O Sandy soil

8 O O Hard cohesive soil/Soft rock
Note: O: Plural tests, O: Singular test
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Fig. 4 Pile Toe Resistance of
Open-ended Piles
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Tomonori Tomiyama: After receiving Dr. Eng. from the Tokyo
Institute of Technology, he entered the Public Works Research
Institute (PWRI) in 2003 and served as Senior Researcher at
PWRI‘s Advanced Materials Research Team in 2007. He as-
sumed his current position as Senior Researcher at PWRI's
Materials and Resources Research Group in 2015. His main
research fields cover durability of polymeric materials and anti-
corrosion engineering for steel structures.

Table 1 A List of Test Specimens Used for Exposure Tests

Group | Type of materials | Specimen No.
A: Ordinary carbon steel
| Ordinary carbon steel (SS400) | A-01
B: Stainless steel
18Cr-8Ni (SUS304) B-01
17Cr-12Ni-2.5Mo (SUS316L) B-02
19Cr-13Ni-3.5Mo (SUS317L) B-03
18Cr-13Ni-3Mo-0.15N B-04
Austenitic type 20Cr-25Ni-5Mo-Ti B-05
20Cr-17Ni-4.5Mo-N-L.C B-06
20Cr-18Ni-6Mo-0.7Cu-0.2N (SUS312L) B-07
25Cr-13Ni-0.9Mo-0.3N (SUS317J2) B-08
25Cr-22Ni-4.5Mo-0.2N B-09
22Cr-23Ni-5Mo-1.5Cu-0.2N B-10
Duakphase type 25Cr-6Ni-3.5Mo-0.2N (SUS329J4L) B-11
25Cr-7Ni-3.5M0-0.5Cu-0.16N (SUS329J4L) B-12
Fenitic type 19Cr-2Mo-Ti-Nb-Zr (SUS444) B-13
26Cr-4Mo B-14
C: Nonferrous metal
Titanium Titanium [JIS H 4600 TP35H(KS50)] C-01
Copper Copper [C-1220] C-02
Aluminum alloy Aluminum alloy [5083] C-03
D: Coated/lined steel plate
Aluminized stainless steel plate D-01
Metallic coating Hot-dip galvanized steel plate D-02
Zinc-aluminum alloy-sprayed steel plate D-03
Aluminum-sprayed steel plate D-04
Polyethylene-lined steel plate D-05
Polymer lining Polyurethane-lined steel plate D-06
Ultra high build epoxy resin-lined steel plate D-07
Heavy-duty (Epoxy resin/polyurethane resin)-coated steel plate D-08
corrosion- (Epoxy/fluororesin)-coated steel plate D-09
protection coating (Epoxy resin/acrylic silicone resin)-coated steel plate D-10

Table 2 Main Environmental Conditions at Exposure Test Sites
(Implementation of Exposure Test: Marine Atmospheric Zone)

Annual average Annual time of . e
Exposure : — Sunlight radiation index
: Location | Temp. | Seawater | Humidity wetness ;
test site °C) |temp.(°C) (%) (1SO 9223) (setting Suruga Bay as 1.0)

Okino- 20°25'N * " *

torishima | 136°5°E | 27-2 28 73 4476 hrs 1.3

Suruga 34°47'N - o ok

Bay 138°19°E | 16-6 21 67 1392 hrs 1.0

Note: Data *JAMSTEC (2001) ** Japan Meteorological Agency (2001)

Table 3 Major Survey Items at Exposure Tests

Ordinary | Stain- Non- Coated/lined steel plate (D)
Survey item carbon less ferrous Metallic | Polymer | Heavy-duty
steel (A) | steel (B) | metal (C) | coating lining coating
Appearance observation O O O O O O
Mass loss O O @) O
Local corrosion depth O O O
Film thickness O O O
Insulation resistance @) @)
(volume resistivity)
Coating section
observgation (SEM) O O O
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Fig. 1 Overview of Exposure Test Sites

Okinotorishima

Marine Engineering
Research Facility
in Suruga Bay

Source: "GS| Maps"
( Geospatial Information
Authority of Japan)

Fig.2 Relation between Maximum Pitting Corrosion Depth
at General Section and PREN of Stainless Steel

Okinotorishima: Austenitic type
Okinotorishima: Dual-phase type
Okinotorishima: Ferritic type
Suruga Bay: Austenitic type
Suruga Bay: Dual-phase type
Suruga Bay: Ferritic type

Maximum pitting corrosion depth (um)

25

Fig. 3 Relation between Maximum Crevice Corrosion
Depth at Washer-Specimen Gap and PREN

Maximum crevice corrosion depth (um)

of Stainless Steel

Okinotorishima: Austenitic type
Okinotorishima: Dual-phase type
Okinotorishima: Ferritic type
Suruga Bay: Austenitic type
Suruga Bay: Dual-phase type
Suruga Bay: Ferritic type



Fig. 4 SEM Images of Sections of Metallic-coated Steel Plates

Okinotorishima Suruga Bay Okinotorishima Suruga Bay
(19 years) (24 years) (19 years) (24 years)
- Cerresion Ceresion -
i%gat proCust Broales H(%gat
8 8
- Stain- -
X less X Steel
steel Average coating Average coating plate
loss rate=4 ym/a loss rate=2 pm/a
Comosion Coat-
pr@ém"e't I{i]r?cl
8 Coat- 3 corro-
S ing ) S|or2j
rod-
x IStain— X Bct)
ess
Steel
steel plate
Coating film thickness Coating film thickness at Coating film thickness at Coating film thickness at
at section: 27 pm section: 40 pm section: 97 pm section: 57 pm
(Measured value by (Measured value by coating (Measured value by (Measured value by coating
coating thickness thickness gauge: 57 ym) coating thickness gauge: | thickness gauge: 79 um; initial
gauge: 36 um) 153 pm; initial value: 88 pm) value: 81 pm)
(a) Aluminized stainless steel plate (b) Hot-dip galvanized steel plate
Okinotorishima Suruga Bay Okinotorishima Suruga Bay
(19 years) (24 years) (19 years) (24 years)
Certesion
pr@dlﬁ‘&"t
. spray-| [ | spray-
o ing =) ing
X Steel X Steel
plate plate
(=) Spray-| |2 Spray-
S k”g 8 ing
- -
X X
Steel Steel
}plate plate

Spraying film thickness
at section: 161 ym
(Measured value by coating
thickness gauge: 179 um;
initial value: 173 pm)

Spraying film thickness at
section: 242 ym
(Measured value by coating
thickness gauge: 290 pym; initial
value: 168 pm)

Spraying film thickness
at section: 290 ym
(Measured value by coating
thickness gauge: 320 um;
initial value: 299 pm)

Spraying film thickness at
section: 194 ym
(Measured value by coating
thickness gauge: 256 pm; initial
value: 220 ym)

(c) Zinc-aluminum alloy-sprayed steel plate

Fig. 5 Insulation Resistance
(Volume Resistivity) of Polymer

(d) Aluminum-sprayed steel plate

Fig. 6 Film Thickness Loss of Polymer Lining and Coating

(Lower Table: Total Loss/Site)

Lining and Heavy-duty Coating S

g Initial value  Okinotorishima (19 years) 5

di Suruga Bay (24 years) %)

S 1] ;

° o 1.5 times

© 3

Z e

= <

k) S No clear trend is observed

3 £

qE) =

E g

o c

> <
D-06 D-07 D-08 D-09 D-10 D-06 D-07 D-08 D-09 D-10
Poly-  |Ultrahigh|Epoxy+ |Epoxy+ |Epoxy+ Polyure- Ultra high | Epoxy+ Epoxy+ Epoxy+
ure- build Ure- Fluo- |Acrylic thane build epoxy | Urethane | Fluororesin |Acrylic
thane |[epoxy [thane [roresin [silicon lining lining coating coating silicon
lining lining |coating |coating |coating coating

Okinotorishima
(after 19 years)

Suruga Bay
(after 24 years)
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Table 1 Proposed Steel-structure Technologies and Methods Resistant to Disasters

Application fields

Proposed technologies
and methods

Repair and improvement of breakwater
and tide embankment
induced collapse of river embankment

Slope stabilization and measure for

Improvement and seismic retrofitting of
debris flow

Reconstruction and seismic retrofitting
bridge

prevention base during damaging

of house

Tsunami measure for coastal facility
Restoration of ground sunken/flooded
area

Measure for flooding/earthquake-

application of public facility
Measure for liquefaction

@-1 New structural system building
using innovative steel materials

O

@ -2 Steel-structure disaster-prevention
base

@ -3 Seismic/tsunami resistant
manmade platform

O
O
O

@ Steel-structure school facility

olololo Tsunami evacuation building, disaster-
Olol0|0O Seismic retrofitting and multi-purpose

Steel-framed house
o O

© Port renewal method using steel @)
product

© Seismic reinforcing of pier, revetment Olo O
and breakwater using steel product

@ Reinforcing of existing bridge foundation O
using steel pipe sheet pile and pipe pile

@ Embankment reinforcement using O
steel sheet pile

@ Permeable debris flow-control dam O
using steel pipe

@ Land slide-prevention method using O
steel product

@ Bridge applying bridge O
high-performance steel

@ Cut-off revetment using steel sheet O O
pile and steel pipe sheet pile

@ Measure for side liquefaction of O O
revetment in coastal area

@ Floating disaster-prevention base ®)

) Measure for liquefaction and Olo
earthquake using steel sheet pile

( Measure for high tide and tsunamis Olo
using steel product

(@ Measure for high tide using steel product Olo
(double wall-cofferdam sheet pile method)

Fig. 1 Application of Steel-structure Technologies and Methods Resistant to
Disasters

8]

9] [C]
o 2] 7]
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Fig. 2 Type of Corrosion-protection Measures for Port/Harbor Steel Structures

Coating, lining, cladding

Cathodic
protection

Coating

Coating

Organic lining

Polyurethane lining

Metal cladding

Highly corrosion-resistant
stainless steel cover

Titani‘tw

Anodic system

Fig. 3 Examples of Assessment of Soundness of Port/Harbor Steel Structures

Loss of function <= Deterioration leve| =) \]aintaining of function

Entire repair

Partial repair

No need for repair

No need for repair

c O
o9

B5E 1/2 or

2o more

o8 of the

T flange
cog

O 5=

0.

0'C+ .

So Q | Peeling-off and loss
© o< | of lined material are
9 £ 5 | notable, steel
EX8 product is exposed,
T~ 9 | and rusting occurs

Damage that reaches
steel product occurs
in part of corrosion-
protection measure,
and occurrence of
rusting is judged

Many damages that
do not reach steel
product are
observed

Coated/lined section

Web

Flange

Nearly no change
from initial
condition is seen,
and lined section
shows sound
condition

Example in which
anode completely
disappears

protection (example
of anodic system)

Application condition of corrosion-protection measures
Cathodic corrosion-

Whether or'not the corrosion-protection
electric potential (-800 mV) is maintained

Anode in initial
conditions

Fig. 4 Examples of Repair and Reinforcement of Port/Harbor Steel Structures

In the case of reinforcement
of steel member

In the case of entire repair of corrosion-protection measure

In the case of partial
repair of corrosion-
protection measure

Reinforcement using
steel plate

Steel sheet pile
Side surface
fillet welding
Front
surface
fillet
welding
Slitting

Corrosion-
protection
coating

Steel plate

Welding of
steel plate

Corrosion-protection
treatment of
reinforced section

Surface
preparation

Mortar

FRP protection
cover

Mortar coating method

(concrete)

Mortar is filled inside
FRP protective cover

Petrolatum coating method

Top-end sealing )
(underwater hardening-type epoxy resin)

Surface preparation

Stud bolt-attached hoop
Z Petrolatum corrosion-

protection thick tape

\Continuously—foamed
polyethylene sheet

FRP protection cover
(convex)

Corrosion-protection cap

Top-end sealing (underwater
hardening-type epoxy resin)

FRP protection cover (dent)

Steel member is coated with
petrolatum and covered with
FRP buffer material

Underwater hardening-
type coating method

Surface preparation

Underwater hardening-
type epoxy resin

Steel member is coated
with underwater harden-
ing-type epoxy resin

Repair method using
repairing polyurethane

Repairing polyurethane
is coated on polyure-
thane coating-deterio-
rated section

Note: Source of information on Figs. 2, 3 and 4 — Extraction and compilation of data from:
1) Manual for Corrosion Protection and Repair of Port and Harbor Steel Structures (1999, 2009), Costal Development Institute of Technology
2) Handbook on Practical Applications of Port and Harbor Steel Structures, Research Working Group on Corrosion Protection and Repair
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During ordinary time: Passing of earth and sand and running water

Condition of capturing of debris flow Photo 2 Application of weathering steel bridge in

Photo 1 Examples of debris flow-control measures using steel pipes remote mountainous area

Fig. 5 Soundness Assessment of and Repair Methods for Debris Flow-control Measures Using Steel Pipes
Inspection and Soundness Assessment

Damage level | Performance-deteriorated level and definition Repair measure Judgement (hollow pipe)
Level 1: No lowering of performance compared to the level N df ) Deformation rate of steel pipe: less
Sound at completion and no obstacle in use 0 need for repair than10% of steel pipe diameter
Level 2: Lowering of member durability and fears for lowering | Examination of need for repair by | Deformation rate of steel pipe: 10% or more
Damaged of performance compared to the level at completion | means of structural verification to less than 40% of steel pipe diameter
Level 3: Loss of performance and impossible to demonstrate | gre implementation of repair Deformation rate of steel pipe: 40% or more
Collapsed | performance when design load subsequently works of steel pipe diameter
*Extraction from Design Handbook on Steel Erosion-control Structures, Sabo & Landslide Technical Center
| Before debris removal | | After debris removal|
D(:fc_eratlon Because of no damage, service
r[i/%do% is continued without repair
*Extraction from the website of Research Group on Erosion-control Steel Structure
Structural verification is conduct-
Deformation ed, and the section in which
rate: occurrence stress surpasses
10%<Dy/D<40% yield stress is repaired by
welding two semicircular-divided
steel pipes on damaged section
*Extraction from Design Handbook on Steel Erosion-control Structures, Sabo & Landslide Technical Center
Deformation Damaged section is on-site cut
rate: and repaired by on-site welding
Do/D=40%

factory-manufactured new
members
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Fig. 6 Examples of Assessment of Soundness of Weathering Steel (Examples
of bridge with lapse of more than 10 years after erection)

Appearance rating 5

Rust amount is less, and appearance
presents comparatively bright color
(Standard for future treatment: no
need) (Less than about 200 pm)*

Appearance rating 2

Rust particle size is 5~25 mm, and rust
is scale-shaped (Standard for future
treatment: need for follow-up
observation) (Less than about 800 um)*

Appearance rating 4

Rust particle size is about 1 mm or
lower, and rust is fine and uniform
(Standard for future treatment: no
need) (Less than about 400 pm)*

Appearance rating 1

Layered peeling off of rust occurs
(Standard for future treatment:
measurement of plate thickness)
(More than about 800 pm)*

Appearance rating 3

Rust particle size is 1~5 mm,
and rust is coarse (Standard for
future treatment: no need) (Less
than about 400 um)*

*Figures in parenthesis show
standard rust thickness
measured as a supplementary
means for assessing rust
appearance.

Fig. 7 Examples of Embankment Reinforcement Using Steel Sheet Piles

No provision of measure After provision of measure

= | Seepage

%-2 Sand/gravel ground

@

85

25 P . Shut off of
B enetrating water penetrating

Steel sheet pile water

‘é} Slope collapse due to overtopping Securement of embankment height

o

%3

-

2%
Sx Seepage inside embankment
g5
ge
o Steel sheet pile

Sinking of embankment Securement of embankment height

s

k3]

©

©

&

5 Liquefied ground

Steel sheet pile or drainage function-attached pile
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