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Masanori Hamada: After graduating from the
Faculty of Science and Engineering, Waseda
University, he entered Taisei Corporation in 1968.
Then he served as professor of Tokai University
and Waseda University, and filled the post of
professor emeritus at Waseda University in 2014.
He assumed his current position as Chairman of
Asian Disaster Reduction Center in 2014.

Photo: Tokyo Fire Department  Fig. 1 Soil Liquefaction and Ground Displacement of a Man-made Island
Reclaimed form the Osaka Bay (1995 Kobe Earthquake)

Photo 1 Explosion and fire of 17 spherical LPG
tanks (2011 East Japan earthquake)

0 100 m
(a) Soil liquefaction (The yellow colored (b) Ground surface displacements (The vectors show the
ground surface shows the thick deposit horizontal displacements, and the numerals in the
by the boiling of liquefied sand) parentheses are the vertical displacements, unit: cm)

Photo 2 Fire of crude and naphtha tanks by long-
period seismic motion (2003 Tokachi-oki
earthquake)

Photo 4 Floatinout of oil tanks into the sea by the
tsunami (2011 East Japan earthquake)

Fig. 2 Assessment of Soil Liquefaction and Its Induced Ground Displacement
(Northern Tokyo Bay Earthquake)
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Photo 3 Settlement and inclination of oil product
tank by soil liquefaction (1995 Kobe
earthquake)
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Fig. 3 Diffusion of Crude Qil in Tokyo Fig. 4 Reinforcement of Seawalls against Soil Liquefaction and Its-Induced
Bay (summer season, the wind Ground Displacement

speed of 5.0 m/s in southern- Continuous wall Soil improvement Pile group
west direction)

Diffusion area on the third day._

iTokyo o '

Qil ﬂowing-ou—t}?‘

Kisarazu . ' .
4D* (pile space) § 6D (pile space)

*D: Diameter of pile

Kanagawa Pref ' Chiba Pref. (Model for experiment)
Kurihama d

Ichihara

Daily wakes of Fig. 5 Measures of Qil Tanks against

Sillos (et 2T Soil Liquefaction and Tsunamis
ships per day) _

Steel pipe pile

Steel sheet p||§ Tank

Fig. 6 Survey and Practice of Earthquake and Tsunami Resistance Enhancement of Industrial Complexes —Policy by

Ministry of Economy, Trade and Industry (2013~)
Northern Tokyo Bay earthquake, earthquake resources along the Nankai Trench, and location of petroleum complexes ©3 Industrial complexes

X
100 km

gJOkinawa

Chugoku,
Shikoku

Northern Tokyo Bay earthquake

- The earthquake resources along
O the Nankai Trench
The revision to the Google map

Evaluation of tsunami height of flood

Flow of survey on damage to petroleum complexes by future earthquakes and tsunamis

Soil condition Assessment of soil Assessment of Assessment of Assessment of disasters to petroleum
survey for liquefaction of stability and ground complexes due to earthquake motion,
assessment of artificial islands deformation of displacement soil liquefaction, ground displacement
soil liquefaction quaywalls and tsunamis

¢ 24 petroleum industries, 16 billion yen/year (public fund)



Wt 4~6)

msdesfunuidenieseazniy suilesainusingnsal
ECI G

- Waun1svesisnsildusaiiuannuaunsaluniséuniu
wiufuln uazmalulagdmiuduuiuaulnaliiugiusin
ASNIU -

1me Toshiaki Nanazawa wag Michio Ohsumi

aotuAdsaulesn
' Y oy P~ o
g@%m@ﬁummmmﬂaaﬂna

aswwuﬁdaa%’wuuﬁu@uﬁﬁmmL?imﬁiamnﬁmﬂﬁﬂgmisﬁmswamamzﬁ
wnliufiasinanuidemeoisquusaiiafinuiuduln elviszuulasng
nsauwanvudsiiaauUaenfeundaty Sanusuduegdiiaviewuen
sruunsUssidiunsanduaudasnde uasmuuiniedifiusgansamlunig
ussmilymitersistunnuiuaulmldiuudarasnildoesdiussansnm
wislanunsaussafauuimadaing1y qudnsidouasnisussifiunsiminsy
1A39@3579 %38 Center for Advanced Engineering Structural Assessment and
Research (CAESAR) Fsogmelsfanitiuidoanlest Aldsudulassnisundoudd
2014 Tnei¥aquszasdlumsiiagiimunssuiunsnsiaaeunmaiunsaluns
aumusuAubnkaznsimwinalulagsunuirufulmliiugiusnves
azwmﬁaguuﬁuﬁﬁ'immL?imm'amitﬁmﬂsmgnmﬁmwmm Tagunarwil
Wunsdawsfsanuganuinwiwedasinisaenan

VBULYANISANYIIRY

a ¢ o ' aa £ I a & il
® MsAATIRfREIATEENRavINwHLALInIAT IR
Tuefin

Ifinnssifunsinsesifieginnudemedeasnuineadsuuitudig
mmL?im&i@ﬂimgmszﬁwswammﬁ']muﬁyﬁu 38 n3fAny Inenudnguuuy
PEEmeTidsmansENUAoTEUUR U ULRUR YT e sEE NN AL U Tl
Dy 3 Uszan Tasdwsuanuideilaslanuddyanisfuanudemediin
Fuiunesesesiuazniy FamuinnelfifnransenuseszuunsaLuALYLE
Tnestinadslueinifildndndunnin Funadediulatinisdidunis

nsnaaevluieslfifnisuaznisiinsizinieadamians ani 1 wans

¢ o
X o '

fegreanudemeniinduiuneteasniy
v a o w 1
o daauauuzlunisiasumdlaseadnegiusn

foraueuuzlunsaiuihdlasaisgusn Wumddeilisahiusui

amﬂm%w'amﬁﬂLmUismmﬁﬁu VED) Japanese Association for Steel Pipe
Piles (JASPP) nsvurumslumsiasuidadunsiiduviewmdnuaziduiiadnun
THlunsinuise Tuussaduseg deil

o UszAvsnmiidmasionginssulassaigiunnidiefausiuivlm

® HANITVUABAINITATIITIUTTHINNISIETUAAT

o nsUszgnAlifuniosinsiléiumlufuusnaituivinmnlsinnin

wu vsnadldauazniu

P}

U 1 wandliiuiisshegsnmsiaduidnedeas i

A 1 mmLﬁamaﬁLﬁ@lﬁumaajaazwwuLﬁ'aﬁuﬁﬂ@&Ji@mﬁ@ﬂsmgmizﬁ
NI

gﬂﬁ 1 fregansiaduidmeteazniu Afduiinromanvindouseiunia
CRITR)!

® N13n53vdaUNgANITUAIUNIUKANALTNIVRIgIUIINUAL
walulagdruniunduiulug dren1sn1smadaufian3osdy
(Shaking Table Test)

Tunsnsraseuiiieduduanimvemginssumsiiansemadldgiusnuea
Faneasemaenaulsyansamussssuunsiddumdeitatiave sududesd
MIARTUNIINTIVADUNG ANTTUGNY) Lméwiuuiﬁxﬁumuwlwﬂuﬁawﬁﬁﬁmi
g Tuddenulusn il 2 wansietefiazihlunaaeuuulfizdu

& A aa ' M v P o
mnegeuwUalusensdfe nsdil 1 nedelildgnesnuwuuiiiosesiunis

a < aa & aaa a ¥ 2 oa ' & A a
Wausngmsainsiemad nsdil 5 Wunsdifinstadaduiinvemdnfiuiom
F1UTN (FI99197 1 wazguil 2) N15318899UIARIRE VIR UERTUINAUED
1T 10 dwanunaie lavauuilinedeiininugs 8 was uwazdunsiswmen
w1 10 1wns Inglunisnaaeulainisdrasspfuurudulm luluicnamny

A I a A < 4 Ao

wunnuvasavnukazaduwEuAulmnldlunmaseudunduiirinualily
FomuanuazEnuNITEIUDIaNANNTNSRUsTInAgUY Japan Road

Association)

amit 3 uandldiufanadsunasanmuesifufumevdsannsldndu
wkufulnliRufeg1slunsdd 1 annmmuindundsnesefinisiAnnis
\ndoustesmnnudduniinaziinnisiadeuiunaudaunadiuldeistaau
'gﬂﬁ 3 uandliifunsidsunuamowussiuindiuiu (excess pore water
pressure) figuvdauinmvevyunesle Tnsdmiuiiaesnsdiy Wednadau
wswuthamduiiandilng 1 fuinameuyunesefazifinnngnisainge
wiantu Inssingmsnsemmidasfntuninuiundmemeio

SUT 4 uansdnuaznisnszansvesmnseienannsindivesiauiizy
#in H faguil 2 au gafianueienainnsiadvesaduuasnisindeusives
nosofsAngean Inevsasansdivinionsaniidiumisiaduuasidumnds
Aanasweaaduiifndiliudr nuhmeieanmsdasaiistuiiidnfu
nime3eaiigansinAeudiaun lunanduiudmiunsdd 5 dewmni
mnuieaannsiadivesanduriemdnililunsiaiuidsdinsanmeg
Turhsdanaiin wazfdssunsuiouresolaiuidiiimdoudnenn Swaunse
Yszdiulddanuauisalunisiunuuiudulmlidugiusinlaeisnis
fnamilfanulaendoroudiig

UM 5 uanemsAsunUasvesnisindiousitlunuisiuiasyunisvyuila
g leevisaeansdiudinnisadeusivesnetevzlivsnginunanaiaiu
windnuamindnandununfanegiinnisideglaudignginssunanadn

°o o

weazUsyualiiAuLANANITRINISIAdeuMIsinTusgnsiltusydAey

Tuswmaiiefiazdnlationgfinssugusinatendsainnisiudeungingsy
Whgdiemanaiin nsnadeuflefmegmageuTwInlvgeTuInaunie 1:4.5
Faldgnaunuiieasdfiunistuddudaly



il 2 dheghamnseuuilizdu

sl 1 fsdfinvvesnismageuauausadumuusuRulmvemee
gU*ﬁ 2 dnWENITINa0INLD

gU*ﬁ 3 mswasuudasmesusaiuthdiu

U & msnszanefvesanueseasnmstasvesaduiiofinnanavauns

L]

GAGL

gl

&

U 5 nsivdsundaseansidesumeiudauasunisvauiligiuen

]

® NIANRUALUININITAATIZAVUE

P
=

Tasansidesfnertestumaluladnisimseilainisudnsuliinu

o

F2uusEnin CAESAR uarantuwaluladuvidlaiien SngusvasAndndei
aunaluladmsieneigiusnileguutufuiifienudesstousngnisal
nsemarhunIageufiegiisiaestuuulfzdy TnedmsuTnguszasd
fnanildinmhmsinsgiuuuiiaes finite element fuislaunda 3 i
Taviléinissransitufiunazmesieliidu solid element waziandulmiu
beam element (f13Uil 6)

U 6 MsAaszsiuuusians finite element 3 fidduislaundia dwsu
nsdifnuil 3 @adumeluladuidaiien)

MSINBUNWIFas1TUE

CAESAR  léwenowedraduiiaztinanisfnwianauidedlasuly
IWBUNSgaNs SN TasiamzegneBamsnamsiduiannlug
wmsgIunseRnuULaruLasieyaatvayumaadalunsiaduidaile
FumuukuAulv wagiiauegas sl uINIUALINAINITAINGTY

finfinssuusenned

mATetuilFsunsafuayuananiinemans waluled uazufanssw
7130 Council for Science, Technology and Innovation (CSTI) Ael@lusunsu
duasuuinnssuainagnssenintansengie 3e Cross-ministerial - Strategic
Innovation Promotion Program (SIP) Tasensasiaiuanuiasnfansisaey
sadefitAnusssud (aduayusuuszunalae JST  n1eamzlide
vovaUNsEANANT INEAans welulal uazuianssuun w Tenail
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University, he entered the Ministry of Construction in
1994. In 2010, he became Researcher at the Public
Works Research Institute, and assumed his current
position as Chief Researcher at the Public Works
Research Institute in 2012.

Michio Ohsumi: After finishing the master’s course
of Graduate School of Engineering, The University
of Tokyo, he entered the Ministry of Construction

in 1996. In 2010, he served as Director of Naniwa
National Road Works Office, Ministry of Land, Infra-
structure, Transport and Tourism. He assumed his
current position as Chief Researcher at the Public
Works Research Institute in 2016.

Fig. 1 Example of Reinforcing Structure

for Abutment Foundation
(Steel Pipe Sheet Pile Wall:
Side-integrated Type)

Steel pipe
sheet pile
wall

Filling

Occurrence
of lateral
movement
force

Liquefied layer

Photo 2 Specimens on the shaking table

Existing

Photo 1 Damage to bridge abutment located in pile
the ground where liquefaction occurred?

Table 1 Test Cases for Seismic Countermeasures for

Abutments
Case Standard | Detail of Countermeasure Configu-
applied foundation structure ration of
backfill
Case 1 | Former Prefabricated | No countermeasure | River
standards* | RC pile: dike
®450 mm
8x3 rows
Case 5 | Former Prefabricated | Steel pipe sheet pile | River
standards* | RC pile: wall: Side-integrated | dike
®450mm 8 type ©600%8 piles
x3 rows (one side: 4 piles)

* Design of Pile Foundations —Guidelines to Design of Substructures
of Highway Bridges (Mar. 1964, Japan Road Association)

Photo 3 Ground deformation after excitation (Case 1)



Fig. 2 Outline of Abutment Model
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Fig. 3 Secular Change of Excess Pore Water Pressure
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pile
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Fig. 4 Distribution of Bending Strains of Pile at the Time of Maximum Response
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Fig. 5 Secular Change of Lateral Displacement and Rotation Angle at the
Bottom of Footing

Case 1
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displacement
at the bottom
of footing (mm)

Lateral
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at the bottom
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Time (seconds)

Fig. 6 Dynamic Analysis Using
Three-dimensional Finite
Element Model in Case 3
(Tokyo Institute of Technology)"
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Fig. 1 Location of Testing Site Fig. 2 Longitudinal Profile of Soil
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Fig. 3 Pile Point Resistance Obtained from Dynamic Loading Tests
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Table 1 Statistical Amount of Pile Point Resistance

Pier # Pile type Curing days | Sample size | Mean (kN) | C.V. (%) | Standard error
All All cases All cases 58 2650 19.2 69.9
All Open-ended All cases 33 2570 18.4 82.2
All Cross-shaped All cases 20 2790 19.6 122
11 Open-ended 6 4 3040 9.93 151
14 Open-ended 7 4 2310 5.02 58.0
17 Open-ended 6 4 2670 4.91 65.5
13 Open-ended 14 4 2760 1.18 16.4
16 Open-ended 14 4 3200 7.34 118
6 Cross-shaped 4 2220 7.75 86.0
7 Cross-shaped 4 3370 0.190 3.20

Photo 3 The Kurashiki Minato Bridge under construction at the testing site was com-
pleted and opened to traffic in March 2017 (foreground)

Fig. 4 Comparison between Dynamic Loading Test Results
and Calculation Results Employing Hiley’s Equation
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Fig. 1 Concept for Flexural Buckling of Steel Pile in Liquefied Soil

Inertial force || Dad load

Force couple due to
overturning moment

Horizontal force due
to inertia force

Liquefied
soil

Steel piles are believed to be able to sustain strong
lateral and compressive forces and to feature that no
pile experiences flexural buckling because of soil
resistance against lateral deformation of piles.

Soil reaction

Table 1 Specimen Parameters

Design codes have no prescription for
limitations of piles’ slenderness ratio.

~

The horizontal stiffness of the ground
decreases drastically when liquefaction occurs
during an earthquake.

Moreover, slender steel piles beneath
buildings experience high axial compression
forces caused by the overturning moment of
the superstructure, which are generated by the

inertial force of the building.
\ 9 J

| Flexural buckling of piles may occur.

Specimen | Initial axial force, | Plate length | Relative density | Input wave | Maximum input
No (kN) (No/Ny) h (mm) Dr (%) wave (m/s?)
Case1-1 30
TEE— 85 4.5
Case1-2 60
DS 1275
Case1-3 (0.33) 55 30
Casel1-4 3.0
—_— 70 Coastal wave
Case1-5 60
Case1-6 856
(0.33) e
35
Casel-7 30 3.0
Case1-8 1275 Urayasu wave 6.0
Case1-9 (0.49) 45
_— Coastal wave 3.0
Case1-10 35 45
. . h=35 mm h=35 mm h=70 mm
Photo 1 Centrifugal loading apparatus Dr=30% Dr=60% Dr=30%
Case 1-1 Case 1-2 Case 1-4

Photo 2 Bending deformation of piles
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Fig. 2 Specimen and Instrumentation
Strain gauge

Superstructure Accelerometer
Water pressure
Bending plate gauge
Pile cap Laminar box
Piles A, C
Piles B, D
Unit: mm
(a) Side
Laminar box Superstructure
Pile C Pile D
Pile A Pile B

(b) Top



Fig. 3 Response Time History of Case 1-1
Soil liquefaction

(a) Superstructure acceleration

Soil liquefaction
Water pressure

gauges
(b) Excess pore water pressure ratio
Soil liquefaction
Maximum
compressive
Reversed axial force force

307 kN

(c) Pile's axial force

Soil liquefaction

Maximum bending
increment strain

Maximum bending
strain

(d) Bending strain of piles

Fig. 4 Dynamic Buckling Strength and Buckling Stress Curves

N/N,
1 Design Standard for
Steel Structures in Japan?
0.8
Limit State Design Standard for
0.6 Steel Structures in Japan®
0.4 Static analyses results
Numerical analysis
Piles with Piles Experiment
02 superstructures
No sail
Soil
0
0 0.5 1 15

Ac
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Fig. 5 Estimation of Axial Force and Bending Moment of Piles Using
M-N Interaction Curves and Ultimate Strength Curves

N/N,
Maximum bending increment strain
1 Maximum bending strain
0.8
Ultimate strength
of Steel Piles in Ref.®
0.6
0.4
Limit State Design Standard
for Steel Structures in Japan®
0.2 Recommendation for Design
of Building Foundation”
Static analyses results
0

0 0.2 0.4 0.6 0.8 1 M/N,
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Fig. 1 Outline of EENA-Multi-PILE (Seismic Response Analysis Method)

Structure

Base mat

Horizontal
soil spring

Input motion

Pile

Fig. 2 Evaluation Formula for Pile Group Coefficient (S/B=2.5)
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Fig. 3 Comparison of Standardized Coefficient n between Proposed
Evaluation Formula and 3-D Analysis

3-D nonlinear analysis: S/B2.5 S/B4.0 S/B6.0
n The current study: S/B2.5 S/B4.0 S/B6.0
1.2
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Fig. 4 Skeleton Curve Considering Group Effects of Piles
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Fig. 5 Stress of Piles Evaluated Using EENA-Multi-PILE
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Yoshiaki Kawata: After finishing the doctor’s
course at the Graduate School of Engineer-
ing, Kyoto University in 1971, he became
Professor in 1993 and Director of Disaster
Prevention Research Institute in 2005, Kyoto
University. He assumed his current position
as Director of Research Center for Societal
Safety Science, Kansai University in 2012.

Fig. 1 Kinds of Social Infrastructure (once suffered fromdisasters,

social functions come to a standstill.)

The following items are cited as social infrastructure:

@ Lifelines (critical infrastructure)

Electricity, gas, waterworks, sewage, garbage, fossil fuel, transport
(expressway, ordinary road, railway and air route)

@ Communications

Communication (telephone, Internet), broadcasting, social network service
@ Logistics

Supply of food, water and daily necessities

@ Public service

Education, medical treatment, administration, crime prevention

@ Financial service

Electronic transactions

Photo: Geographical Information Authority of Japan

Before earthquake After earthquake Resilience”?

“Disaster resilience” means not only
the disaster control that reduces
Hohi-honsen Hohi-honsen damages but an earlier recovery from
Railway Railway disasters. The resilience relates to the
following eight specific terms.

Fig. 2 What Is “Disaster

Flexibility Responsiveness
As_o ASO
Bridge I Bridge I Adaptability Redundancy
Innovation Rapidity
National Highway Robustness Resourcefulness

Route 57

National Highway
Route 325

Photo 1 Suspension of traffic services at National Highway Routes 57 and 325 and Hohi-honsen
Railway during Kumamoto Earthquake
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Fig. 3 Prior Consultations Required for Promoting Social Infrastructure

Improvement in Disaster-prone Areas

@ In the disaster resilience conceived by assuming that disasters will occur,
disaster-preventive measures aiming to improve social infrastructure are
implemented right from the start of the planning stage (mainstreaming of disaster
reduction).

@ Not only the worst damage scenario but also all the scenarios of damages that
are likely to occur are extracted to prepare specific damage images (scenario
writing).

@ Examinations are made of how a risk can be avoided, mitigated or passed to,
for example, insurance (quantification of risks).

@ A roundtable conference is held with the participation of all stakeholders to share
risk information and to guarantee the sustainable development of local
communities (identification of risks).

Fig. 4 Example of Expressway Reinforcement in Areas Vulnerable to

Disasters such as Volcanic Area and Tsunami Attacking Area

= The scale of ground damages and other disasters that are likely to occur is
assumed.

= When large-scale disasters occur, the transportation route is changed.

=>\When medium- and small-scale disasters occur, transition section is provided.
To illustrate: increase of interchanges, passing separation of the in and out
bound lanes, advance installation of temporary roads on the assumption of
disaster occurrence

=> Instead of expressways, ordinary roads with plural routes are newly constructed
to substitute for expressways.

=» These newly-constructed roads and the ordinary roads with back-up functions
are maintained and managed in a compatible system.
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Fig. 5 How to Improve Social Infrastructure on the Assumption of National

Crisis-scale Disasters

El The spirit of the Disaster Relief Act established 70 years ago has failed, and
when disasters occur, it is no longer the times in which all these disasters are
restored by the use of public assistance.

Even if restoration of great disasters are planned by the use of public assistance,
all of financial resources, human resources and information are entirely scarce.

However, national crisis-scale disasters will certainly occur in the near future.

EA Given such situations, a mechanism for applying self-help, mutual assistance
and industry assistance (enterprise cooperation) systems should be routinely
introduced in the improvement of social infrastructure.

Disaster resilience denotes a measure devised on the assumption of disaster
occurrence.

[A It is indispensable to evaluate disaster risks especially in areas frequently
attacked by disasters and vulnerable to disasters.

During disaster attacks, it is necessary to dispel the bottlenecks that lead to
hindrance in management of social infrastructure facilities.

El If these bottlenecks are to be dispelled, it is necessary to promote tie-ups and
coordination among related administrative organs, but at the current stage it is
nearly impossible to promote them and further new financial resources are
unavailable.

El It is therefore inevitable that those who will benefit should, as a basic principle,
bear the expense to dispel the bottlenecks.

For expressways responsible for logistics in particular, it is inevitable to extend
an industry assistance (private enterprise cooperation), but the current toll
system is very political. To this end, a new benefit/cost concept is introduced.

fEl The above can also be applied to the case of home delivery services in which
highways are utilized as a virtual warehouse (because the road of an area
equivalent to the size of a truck is occupied by a truck).

Further, because the delivery tax for light oil is cheaper than that for gasoline
(a policy peculiar to Japan), truck transport becomes profitable in terms of cost.

B An extremely high dependence (maldistribution) of logistics on highway transport
offers a great risk during disasters.

It is necessary to change the policy so that the logistics be appropriately shifted
to aviation, railway and shipping transport (uniform sharing of transport cost).
However, the current application condition does not conform to a move to
improve social infrastructure (ship transport particularly by means of coastal
shipping is in a slump).

fB Currently, the increased cost required to pursue convenience is covered by an
increased transport volume. It is necessary for us to recognize that this situation
ultimately brings about an excess over-concentration in Tokyo.
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Scenes of the Program for Linkage between Steel Standards and Techno-
logical Regulation/Code

Scenes of the Fourth Steel Structure Conference in Cambodia
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