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JISF held its 19th Symposium on
Research on Civil Engineering
Steel Structures in March 2015.
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Fig. 1 Network of Metropolitan Expressway

Tohoku Expressway Joban Expressway

Yono

Saitama Minuma (Saitama Pref.)

Kawaguchi JCT Tokyo Gaikan Expressway

Kanetsu Expressway Misato JCT
Bijogi JCT
(Chiba Pref.)
Kohoku
JCT
Itabashi JCT Kosuge JCT
Kumano-cho JCT Horikiri JCT
(Tokyo)
Iriya
Yagochi Keiyo Road
) o Koya
ghuc Nishi-Shinjuku JCT 'j%'ﬁl‘?zaki
Xpressway i Higashi-Kanto
Takaido ?(';1?5“' Ex%ressway
Tatsumi Kasai
JCT JCT
Shibaura
Yoga Jer Shinonome JCT
Ariake
Togoshi JcT )
0iJcT First opened route of
Tomei Metropolitan Expressways
E Tokai JCT . .
pressway Showaijma (Kyobashi~Shibaura)
Daisan Keihin Road - Haneda Airport
Daishi
Shimoyamotocho = Jer
Fujimi
Kawasaki-Ukishima JCT
Ki ko-ch
(Kanagawa Pref.) awamuko-cho i
Namamugi Tokyo Wan Aqua Line
Mitsuzawa
Kinko
Jer Daikoku JCT

Kariba

Yokohama Shindo
\shikawa-cho JCT Honmoku Futo JCT

vokohama  Namiki Route in service: 310.7 km
Yokosuka Road JCT

Route under construction: 18.9 km

Fig. 3 Lapse of Years since Opening of Expressway Lines (as of
April 2015)

Total
length

50 years or more
40~49 years
30~39 years
20~29 years
10~19 years
9 years or less
Inner Circular Route, Haneda Line, Shinjuku Line
Meguro Line, Yokohane Line, Shibuya Line
Fukagawa Line, Mitsuzawa Line, Bay Shore Line (Tokyo~Chiba)
Kariba Line, Daiba Line, Kawaguchi Line
Omiya Line, Kawasaki Line, Bay Shore Line (Kanagawa)
Harumi Line, Central Circular Route

Fig. 2 Underground Shield Tunnel
Width Expansion Technology

Photo 1 Full view of Ohashi Junction



Fig. 5 Expressway Sections Opened to Traffic in Tokyo
Olympic Games 1964 and Location of Large-scale

Renewal Sections

Takebashi~
Edobashi section
Takebashi~Edobashi section (river)

Fig. 4 Expressway Sections subject to Large-scale Renewal

Athletes’ dormitories

Ginza~Shintomicho section (river)

Ikejiri-Sangenjaya section (road)
Ikejiri-Sangenjaya section Higashi-Shinagawa Wharf~
Sa Landfill tion (wat
’ Komazawa Olympic Park‘ mezu Landfill section (waterway)
Ginza~Shintomicho section

LT Section in service in Tokyo
Samezu Landfill section Qlympic Games 1964
Large-scale renewal section

Daishibashi section
Daishibashi section (river) Haneda Airport

Fig. 6 Image of Renewal of Higashi-Shinagawa~Samezu Landfill Section

Present state After large-scale renewal (image)

Temporary

detour Detour under construction (image)
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Fig. 1 Analytical Model for Non-stiff- Fig. 2 Probability Density Function of Initial Deflection

ened Compression Plate (Four- Used for Monte Carlo Simulations
side Simple Support) Relative frequancy dist.of intial deflection
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©
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Fig. 3 Comparison between Monte Carlo Simulation
Results (u=average value, o=standard devia-
tion) and Load-bearing Curve in Specifications
for Highway Bridges (JSHB)

Fig. 4 Bending Test Specimens Using SBHS (Steels for
Bridge High Performance Structures)

(a) Elevation
(b) Cross section

Table 1 Dimensions of Test Specimens

b i D, i d L

Name of Steel grade of ! ! !
specimen specimen (mm) (mm) (mm) (mm) (mm) (mm)
SBHS500M SBHS500 250.4 12.2 900.8 9.0 1198 6199
SBHS700M SBHS700 250.2 12.6 901.4 9.0 1195 7788

15



Fig. 5 Results of Bending Tests (Load-Deflection Curve)

(a) SBHS500M (b) SBHS700M

Photo 1 Deformation of SBHS700M specimen after loading

Fig. 6 Numerical Model of Beam-Column Connection of Fig. 7 Comparison of Stress Distributions at Corner Sec-
Bridge Pier tion of Lower Flange

16



Photo 2 Slip strength test for multiple-row high-strength bolt fric-
tion joint with heavier plate thickness

Fig. 8 Finite Element Analysis Model of Bolt Joints

17
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Table 1 Mechanical Properties of SBHS (Steels for Bridge High Performance Structures)

Grade Plate thickness Yield point or proof strength Tensile strength
(mm) (N/mm?) (N/mm?)
SBHS500 << N
SBHS500W 6=t=100 500 or more 570~720
SBHS700 << _
SBHS700W 6=t=75 700 or more 780~930
Fig. 1 Test Results for Crack Growth
Average design curb of JSSC Average design curb of JSSC
Safest design curb of JSSC Safest design curb of JSSC

Fig. 2 Weld Joint Test Specimens (SBHS500 and
SBHS700)

(unit: mm)
Fig. 3 Girder Test Specimen (SBHS700)

(Equally bent section)
Nominal stress
range

Toe finishing

22

Fig. 4 Measurement Results for Residu-

al Stress
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-3 X-ray residual stress
5 . ‘ measurement method
@  Joint specimen(SBHS500) Cutting method
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Distance from center of width y (mm)
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> X-ray residual stress
o measurement method
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8 voint specimen(sBHS700) Cutting method
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Girder specimen(SBHS700)

Residual stress (N/mm?)

Distance from center of width y (mm)



Fig. 5 Fatigue Test Results for Small-size Weld

Fig.

Fig.

Joint Specimens

(Shimanuki et al)
(Shimanuki et al)
Results in other past studies

7 Out-of-plane Gusset Test Specimens

300

300

8 Radiuses and Angles of Toe or Finished Sections

Toe radius (mm)

Toe angle (°)

Fig. 6 Fatigue Test Results for Girder Weld Joint

Specimens

test specimen

As-welded (equally bent section)
As-welded (shear section)
Finished (equally bent section)
test specimen

As-welded (equally bent section)

Finished (equally bent section) Girder specimen data in past studies

Fig. 9 Grinding Depth

Frequency (%)

60
50
40
30

20

0~01 0.1~02 02~03 0.3~04 04~05 05~06 06~0.7 0.7~

Grinder-finished depth (mm)

Fig. 10 Fatigue Test Results for As-welded and Finished

23

Equivalent stress range (MPa)

Weld Joints

Number of cycles
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(a) Two months old

(c) 17 years old

Photo 1 Weathering steel bridge

Table 1 Criteria for Corrosion-State Level

(b) One year old

(d) 22 years old

Level Description of rust particle Rust thickness
5 Fine but non-uniform Less than about 200 um
4 Average size of about 1 mm;fine and uniform Less than about 400 4 m
3 Average size of 1-5 mm Less than about 400 um
2 Average size of 5-25 mm Less than about 800 4 m
1 Formation of rust layer Larger than about 800 um

Fig. 1 Scotch Tape Test

29



Exposure test piece

Photo 2 Survey setup for de-icing agent

Fig. 2 Deposition of De-Ilcing Agent

Fig. 3 Rust Particle

(a) Maximum size of rust particle

Dry gauze type accumulator

(b) Minimum size of rust particle

30



Photo 3 Fatigue crack

Fig. 4 Load-Carrying Capacity of Corroded Main Girder

Normalized load-carrying capacity

Plate thickness loss (mm)

(a) Location of corrosion (b) Deterioration of load-carrying capacity
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Fig. 1 Megathrust Earthquakes Forecasted to Occur in Japan

Nankai Trough Earthquake
(publicly announced in 2013)

M8~M9-class earthquake to occur with a probability of
about 70% in coming 30 years

Predicted human casualties

Inland Earthquake in Tokyo
(publicly announced in 2013)

M7-class earthquake to occur with a probability of
about 70% in coming 30 years

Predicted human casualties

« Casualties due to building collapse

Fatalities: Approximately 17,000~82,000 persons
« Casualties due to tsunamis

Fatalities: Approximately 13,000~230,000 persons
« Casualties due to fire

Fatalities: Approximately 1,600~22,000 persons

v

Maximum damage:
Approximately 323,000 fatalities
(incl. other damages)

« Casualties due to collapse of buildings
Fatalities: Approximately 4,000~11,000 persons
« Casualties due to fire
Fatalities: Approximately 500~16,000 persons

v

Maximum damage:
Approximately 23,000 fatalities

Predicted monetary damages

Predicted monetary damages

Damage to assets (disaster-stricken areas, land sides)
« Private sector ¥148,400 billion
« Semi-public sector ¥900 billion
(Electricity, gas, communications, railways)
« Public sector ¥20,200 billion
Total ¥169,500 billion

Effect on economic activities (nationwide)

« Loss due to degraded production
and services ¥44,700 billion

« (Of the above, loss due to traffic disruption
Disruption of highways and railways ¥6,100 billion)

Maximum loss:
Approximately ¥214,000 billion
(incl. other losses)

Damage to assets (disaster-stricken areas)

« Private sector ¥42,400 billion

+ Semi-public sector ¥200 billion
(Electricity, gas, communications, railway)

« Public sector
(Lifelines, public civil engineering facilities, etc.) ¥4,700 billion
Total ¥47,400 billion

Effect on economic activities (nationwide)
« Loss due to degraded production and services ¥47,900 billion
« (Of the above: Loss due to traffic disruption
Suspension of functions of highways, railways, ports/harbors
¥12,200 billion)

.
Maximum loss:
Approximately ¥95,000 billion
(incl. other losses)

Fig. 2 Image of “Fundamental Plan for
Building National Resilience”
to Be Promoted as Priority Plan

Source: “Forecasted Scale of Disasters Caused by
Nankai Trough Earthquake”(Secondary Report)
prepared by Cabinet Secretariat

Table 1 Fifteen Serious Situations Cited by the Government as Requiring Rapid

Measures

« Collapse of high-rise and other buildings in urban areas and outbreak of large fires in such areas

* Prodigious loss of life due to tsunamis

Source: “Forecasted Scale of Disasters Caused by Inland

Earthquake in Tokyo and Its Countermeasures”
(Final Report) prepared by Cabinet Secretariat

« Prodigious loss of life because of inadequate transmission of information

-
Building National Resilience
Fundamental Plan
National Spatial
Basic Disaster Strategies
Prevention Plan (National Land
Use Plan)
Sector-specific Plan
Strategic Energy Plan
Basic Environmental Plan
Basic Plan for Food, Agriculture and
Rural Areas
Priority Plan for Social Infrastructure
Development
Sector-specific Plan
Sector-specific Plan
Sector-specific Plan
Sector-specific Plan
N\ J

« Absolute lack of rescue and emergency activities by self-defense forces, the police, fire fighters, etc.
« Increase in fatalities due to insufficient supply of food and other necessities to disaster-stricken areas
* Prolonged inability to use telephones and radios

» Suspension of energy supply

» Suspension of energy supply to domestic industries
« Significant reduction of national economic productivity

» Suspension of food supply

« Disruption of transportation arteries connecting eastern and western parts of the country
» Disaster-induced dysfunction of central government

* Prolonged inundation of towns due to extensive flooding

« Occurrence of terrible disasters due to large-scale volcanic eruptions, etc.

« Devastation of farmland and forests that account for 80% of national land area
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Fig. 3 Fundamental Goals of the “Building National Resilience” Initia-

tive and Related Promotion Efforts

(S

g
Fundamental goals of Building National Resilience initiative

Whenever a disaster occurs:
* Protection of human life by any means
+ Avoidance of fatal damage to important national and societal functions
» Minimization of damage to national assets and public facilities
+ Swift restoration and reconstruction
With the establishment of these four fundamental goals,
the Building National Resilience initiative is aimed at building a safe and
secure nation with local areas and an economic society that are strong and erxibIe./

Basic procedure for promoting the Building National Resilience initiative
—Thoroughgoing implementation of PDCA (plan-do-check-act) cycle —

Clarification of final goals, identification and analysis of major risks

¥

Risk scenarios and their effect: Analysis, evaluation and identification of vulnerability

¥

Vulnerability: Analysis and evaluation, tasks involved in vulnerability assessment
and examination of countermeasures to treat vulnerability

\ 4

Review of necessary policies, prioritization of countermeasures, planned
implementation of prioritized countermeasures

¥

Evaluation of results, review and improvement of the initiative as a whole
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Fig. 4 Local Governments to Publicly Announce Start of Effort to Work Out “Building Regional Resilience” Initiatives
(incl. planning stage)

As of December 12, 2014: 25 prefectures, 1 metropolis and 9 cities/towns
Notes
1) The figure shows the prefectures, metropolis and cities/towns
that have begun regional resilience initiatives
(confirmed by National Resilience Promotion Office,
Cabinet Secretariat as of December 12, 2014).
2)*: 22 prefectures and cities/towns subjected to the survey in working
out the regional resilience initiative model
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Kanagawa Pref.
Nagasaki Pref.*——— Yamanashi Pref.*
Shizuoka Pref.*
Oita Pref. Tokushima Pref.* ie Pref. Aichi Pref.
Nara Pref.* Nagoya City in Aichi Pref.*
Kochi City in Kochi Pref.”
Wakayama Pref. Ise Town in Mie Pref.*

Kochi Pref.*

Wakayama City in Wakayama Pref.*

37



(AU 21 I{ILS)

AGUAUEMITURSJISF

nisuIsiga e songn

2

mgfﬁefgiﬁf&nn&fﬁ
§ AlBUNUS (JISF) ISsmS

Sg8{UEmAN 120 ffgﬁi
SnfedinennnignSwmSsme gy
punumytinu§ s nupsnsigud
wygagiSAwisruenfns:pimsif
IfagEnumip sy ags:Snddmsnnen

Snapsmnugyjgfumifgsnmuasaniin

30y WML E’ﬂfLiS emiteuniinums

[migrgnnwJIsSFywsighgl 2012k nuJISF

i §eiemiunininéimuiiengi2ots

ISR I aUAyth

gusa) au§aienin "uigmimBswnticm

AlBUFI2014" MS{MigIgfsinnms

=4
3De
[¥2]

-l

il
=
=B

38

imenanainmigtignsimuiimirsign
{51 sulos
J|SmeﬁjmmmHanamsmﬁ HRsh

AlsuIv eI uisid umsmigfrgjast

a

f@ﬁgsrﬁgﬁmmgmmsﬁmmﬁhm "R

mn LnﬁimliﬁuShfmS“NU[ f@m[ﬂ?[{)‘mi

a 2

nptﬁﬁ "ywisligé 12 feay:8h 13 §) 2015

i phmaAnuIguis T NwmSuRIgh

inwmamuiiirumsidarggusignizge
Mgl 2014 15l{preeisBnmsgeuminimiis

ISRt s MW NigEAMisi e

a

mimuwiiuns @ Ehuigaiensmisigh

Wi rtli GBI mAn IS HimsIgn

aaa

i’ KEpRE]

2

tigrgwisayiGagrompdvimidanity

wsisnisighfnpeignmamniagiugiy

ill’i?SSiflLﬁ[?ﬁJ’[ﬁ"l

'}
=
A
3
=
(o
@
o
=
<
)
=4
-
(o3
[4a])
=F
=
(a4
o
@
=

H
(=1

MAMSGIYT ISFRET S MATEAS

RIS UIUASTUIG UIB B S AN AU G

(JUBR) A{ANEI]

mitamiun WA usmaiamigd
JISFTISITAMTtN n}’uﬁﬁﬁjgsmﬁﬁﬁﬁ'sms

Watsimajmigiisigh§pnggneio

wigusngaiSnmsimigifibiaywisiigé

28 fgrgang) 2015 IEjMIgMInUIRBUAUS



MIGYMITAIZS T MILNAW{BIHuSIS:ms

uEmithgrpusuitutimuivimi

U
ahsjuthywinalafaafgursiinuthywm
I mud]iiang MmN s AYMAGIE:
métaprsngndmemiwndniianis

Admsiirumiun WIS sy s nNImy:

o MIUN AT HTSH I {UEIAUS

Jalan Stesen Sentral 2, 50470 §Lﬁ“lh GEAL Eip y! its
e sutg]ed

gird1): + 60-3-2298-8307

GIRUNI: + 60-3-2298-8201

useH) ARITAINSamingigeggrints

IANA Yuzo Ichikawa SIWA{UAURES JISF 181gh

A

39



Conference on “Recent Technologies for Steel Structures 2014” held

in Phnom Penh

Lecture deliv- Lecture de-
ery by General livery by Staff
Manager Dr. Ya- Manager Yukio
sushi Ichikawa  Murakami, JFE
of Nippon Steel Steel Corp.

& Sumikin Engi-

neering Co., Ltd.

Greeting by
Acting Presi-
dent Pairojana
Meethawee,
Iron and Steel
Institute of Thai-
land

Lecture delivery
by Advisor Nut-
tapon Suttitam,
Iron and Steel
Institute of Thai-
land

Opening ceremony and greeting by
Executive Director Yuzo Ichikawa of
JISF at the opening ceremony
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