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Infrastructure

Masahiro Shirato: Head of
Bridge and Structures Division,
National Institute for Land and

Management

(NILIM), Ministry of Land, Infra-
structure, Transport and Tourism
(MLIT), Japan

Fig. 1 Performance Requirements

r

Functional and safety objectives for the
design service period
(= Bridge performance)

~

[ Structural safety to be ensured at
any time by bridge strength
performance requirement

p-

] Bridge condition to be ensured up to
the end of the design service period by
bridge durability performance

requirement

] Supplemental performance to fulfill functional or safety objectives
e.g. Live load displacement limits, failsafe devices etc.

4

Prerequisites

+/ Certainty and easiness in inspection, maintenance and repair/replacement of

structural elements

V/ Assurance of construction quality

Table 1 Definitions of Performance Requirements Including Reliability

Bridge strength performance

Bridge durability performance

Action/load
requirements

Instantaneous simultaneous
actions and loads at any time
during the design service life
(=100 years)

Accumulation of persistent
actions/effects and long-lasting
cyclic actions/effects up to the
end of design service life
(=100 years)

Resistance/durability
requirements

The bridge and its components
(elements) shall maintain the
relevant strength margins for
required safety and
load-carrying functions,
respectively.

It shall be ensured that material
deterioration or distress to
structural elements will not
violate design assumptions to
hold the bridge strength
performance by the end of the
given design service life.

Typical verification index

Strength or displacement on
load-displacement curves

Period on the time axis in
terms of maintaining strength
design assumptions




Table 2 Performance Matrix for National Expressways and Highways and Other Related Arterial Roads

States

Design situations

States from the viewpoint of load-carrying function

State from the viewpoint of
structural safety

Function State 1: The bridge is
intact to carry loads.

Function State 2: While the load-
carrying function degrades at parts
of elements, the bridge still holds the
load-carrying function prescribed

for the corresponding situation.

Safety State: The bridge has a
relevant safety margin to avoid a
critical state.

Prevailing a permanent
or variable load

The fulfillment of the state is
required with a given reliability
which is supposed to be different
from that for structural safety.

(Not required)

The fulfillment of the state is
required with a given reliability.

Prevailing rare kind or
scale of load

(Not required)

The fulfillment of the state is
required with a given reliability
which is supposed to be different
from that for structural safety.

The fulfillment of the state is
required with a given reliability.

LS1

LSs2

LS3

LS1, LS2, and LS3 = Limit State 1, Limit State 2, and Limit State 3, respectively
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Kazuo Tateishi: After finishing the master course
at the Tokyo Institute of Technology, he entered
East Japan Railway Company in 1988. Then,

he served as associate professor at the Tokyo
Institute of Technology and The University of To-
kyo in 1997. He assumed his current position as
professor of the Graduate School of Engineering,
Nagoya University in 2003.

Fig. 1 Road Map to Attain Respective Research Tasks of the Committee on
Steel Bridges with Higher Resilience and Longer Service Life

Tasks ~ FY2014 FY2015 FY2016 FY2017 FY2018 FY2019
Revision of Specifir::ations for Highway
Bridges: Introduction of load and
Verification of resistance factor design method
load-carrying Presentation of load and resistance factor for * Presentation of example of *
capacity of column and stiffened plate and presentation of application of SBHS (steel for
column and constitutive law for seismic analysis that can bridge high-performance structure)
@ Subtask 1 un-stiffened plate deal with cyclic loading member in seismic design

Working Group on
Rationalized Design

Collection of load
its trial analysis

rating data and Preparation of
load rating manual

(draft)

Structuring of design, inspection and
rating systems; Organization of
manual for bridge assessment |

Expansion of
design fatigue
class

Effect on fatigue life improvement including that by the
use of high-strength steel (experiment,|analysis and
design method)

* Standardization of effect on fatigue *

@ Subtask 2 life improvement

Working Group on Fatigue

Strength of Steel Bridges | Trial for and Collection of information on detective method for fatigue | Preparation of guideline for crack
arrangement of crack, proving of repairing and reinforcing methods for repair and service life prolongation
fatigue life fatigue crack methods
improvement

Guideline for maintenance and
corrosion diagnosis data

Surveys of task
submitted by
Ministry of Land,

Infrastructure, Assessment of practical bridge data | Maintenance and | Preparation of handbook on design
® Subtask 3 T d d examinati liabilit i d maint d its reflecti
Working Group on ransport an and examination of reliability corrosion and maintenance and its reflection

Tourism improvement measure diagnosis in standard

Corrosion and Durability
of Steel Bridges

Examination about

Survey and
assessment of

steel bridge Preparation of Technical data on steel bridge

Interdisciplinary tasks in
above-mentioned three

subtasks

Steering Conference

practical example
of corrosion of
bridge

corrosion diagnosis technology

@ Interdisciplinary assessment of attainments of each working group—Proposal of

corrosion map and
corrosion-
protection manual

having high corro

sion resistance

....::' v

attainments to society @ Tackling with the research task that supplements the niche between
fields (between subtasks and different fields) 3 Creation of research theme for future

....................... |".".---....--.".--.."l--.".--.".---.".--."l---.".--.".---.".--..l.--....-é,o“ ""
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Table 1 Chronology of Research Committees on Steel Bridges

FY Research Committee | Working Group
1997- | Research Committee |+ Working Group on Design of Rationalized Steel Bridge Girders
1999 |on Next-generation * Working Group on Seismic Design Method for Steel Bridges
Civil Engineering » Working Group on Application of High-performance Steel
Steel Structures Products for Steel Bridges
2000- | Research Committee |+ Working Group on Safety and Applicability of Steel Bridges
2002 |on the Performance- |+ Working Group on Corrosion Protection and LCC for Steel
based Design of Bridges
Steel Bridges » Working Group on Seismic Resistance of Steel Bridges
* Working Group on Higher Performance of Steel Bridges
2003- | Research Committee |+ Working Group on Rationalized Design Methods
2005 |to Improve Steel * Working Group on Improvement of Steel Bridge Durability
Bridge Performance |+ Working Group on Seismic Design Guidelines for Steel Bridges
* Working Group on Weathering Steel Bridges
2006- | Research Committee |« Working Group on Rationalized Structure and Design for Steel
2008 |to Improve Bridges
Performance and * Working Group on Fatigue Strength of Steel Bridges
Reliability of Steel * Working Group on Seismic Design Guidelines for Steel Bridges
Bridges * Working Group on Weathering Steel Bridges
2009- | Research Committee |+ Working Group on Rationalized Structure and Design for Steel
2012 |on Improvement of Bridges
Structures and » Working Group on Fatigue Strength of Steel Bridges
Design Method for » Working Group on Seismic Design Method for Steel Bridges
Steel Bridges » Working Group on Weathering Steel Bridges
2013- | Research Committee |+ Working Group on Rationalized Structure and Design for Steel
2014 | on Improvement of Bridges
Structures and » Working Group on Fatigue Strength of Steel Bridges
Durability of Steel » Working Group on Maintenance for Weathering Steel Bridges
Bridges
2015- | Research Committee |+ Working Group on Rationalized Design
2017 |on Steel Bridges with |« Working Group on Fatigue Strength of Steel Bridges

Higher Resilience and
Longer Service Life

» Working Group on Corrosion and Durability
of Steel Bridges

13
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Yoshiaki Okui: After graduating from the Graduate School
of Science and Engineering, Saitama University, he joined
Kawasaki Heavy Industries, Ltd. in 1985. Then he served
as associate professor at Saitama University in 1993 and
visiting researcher at Delft University of Technology in Neth-
erlands in 1996. He assumed his current position as profes-
sor at Saitama University in 2009. His profession covers
structural engineering and bridge engineering.

Photo 1 Stiffening plate compressive test spe;:imen prepared using SBHS500 (steel
for bridge high-performance structures)
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Fig. 1 Comparison of Load-Displacement Curve Fig. 2 Ultimate Limit Strength and Serviceability Limit

between SBHS500 and SM490Y in Axial Strength of Stiffening Plates Examined by Means
Compressive Loading Test of Monte Carlo Simulations
10 F : 127
SENALALL A, |
A A A A a 1.0 [
o ) F .
0.8 Rr=0.5 ~ [
R SEERS
Q - [
: B
o o 0.6 -
g 0.6 - £ ', .
_g § 04l @ ULS (ultlm_atellmlt strength)
ﬁ E [ ® SLS (serviceability limit strength)
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g z [ carrying capacity in ® Exp.SM490Y
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Axial compressive displacement U/U,

Photo 2 Flexural bending test for I-girder bolt joint

18



Fig. 3 Relationship between Applied Load P/Py and Bolt
Hole Displacement Amount &»/d in Flexural
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Fig. 2 Fatigue Test Results (SBHS500 Specimen)
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Fig. 5 Tension Tests

Basé Splice plate
- plate Ts| |7 D
> : 18]
I — = —o
i, High strength bolt -
—— S -
44 [00 ¢ @02 :
—_— : 3 Wy
©0 ¢ 00— |
— t
g lelp I;P plele Stop-hole
1
(a) Tension test specimens
Base

=
300 N/mm? Lx plate

No e Ts P e *]
1 12 12 55 30 X
No. 1: Without splice plate
2 12 12 55 30 X N
3 12 12 35 30 X Surface conditions:
4 12 12 55 30 % The splice and
5 3 6 55 30 > base plates of all specimens were
6 6 12 35 30 < coated with inorganic zinc-rich
paint (thickness: 75 um), except for
7 12 12 40 25 X specimen No. 3 in which the base
g g {% ig gg 8 plate was grinder-finished.
o: Application of high-strength bolt to stop hole; x: No application of high-strength bolt to stop hole

z Washer
L

(b) Geometrical parameters of specimens

7.0 7
z 6.35
S
359 6.;{
o)
< 50 1
ca — Exp. —— FEM
S840 4
8¢
(o] -
S 30
2
20 A 2
§ 1.16 128 118
S i
1%} 1.0 A
8 1.17] |1.1
i 1 1 (‘:I-‘) 0.0

(c) Tension tests
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Photo 1 Arrangement of flying salt accumulator
and exposed steel product test pieces
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Photo 2 Special-type bridges constructed using weathering steel

Fig. 3 Overlapped Rust Particles Fig. 4 Three-dimensional Corrosion Map
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Fig. 5 Distribution of Residual Plate Thickness in Girder Web Ends

Uniform corrosion

Lower corrosion

Fig. 6 Multi-function Corrosion-protection Deck
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Tomoyuki Higuchi: After finishing the doctoral course at the School of Science,
The University of Tokyo, he entered The Institute of Statistical Mathematics in
1989. He is currently engaged in a position as Director of the Research Organi-
zation of Information and Systems (Inter-University Research Institute Corpora-
tion) and Director-General of The Institute of Statistical Mathematics since 2011.
His profession covers Bayesian modeling. He is focusing his research efforts
on data assimilation and emulation (simple alternative method for simulation by
means of machine learning).
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Fig. 2 Classification of Deep Neural Networks (DNN) in Deep Leaning
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Fig. 3 Detection of Abnormal Values such as Outliers,
Abnormal Sections and Change Points
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Fig. 4 Emulation and Virtual Measurement
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Fig. 5 Relationship among Three Elements in Digital Twins
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