STEEL CONSTRUCTION
TODAY & TOMORROW

((RsS&9 (eesen 090

RSEIAISCT0

gAmsdinion fo medivmsurigionissisigwse

SRRSO RIS BIBRBINRSCHS

MIRNSs

HRUgtmeanudg e N asandianioo igis: & iy

n

2.

o 3

yn pimsinenyiidnpnywgifnms
GNG :mﬁjmﬁpmgmamﬁm AR gjonm
whvimidumsminumigandnnsdiss s
IsianmangAygupIAEHRHT BN YW SR
{g“l“u TN 1) a mutaniesnsismi
menynpuis: Ay innst ueinsdn ugnn:
ftvesnfgnSamiannesiiiiataigaminn
fsamnuIgAienannuiABagdn wwin
ﬁ?ﬂﬂhmmfﬁmmsmqh?ﬁ}mfsmiﬁma
sinnii B TegAyainniedingg
iiy]g) uAmsthmeanigi firuwnssgsibs ms
WA AR MW Y AIIFTHTHAU§ 610
18: HpuemanigipimsiJutigin Samsmo
YANMYWHATGIManNHENFNRIET @Ifen
1184 juga
istanatanmigidagigmamwmnssaniibinm

Agi famnin @irs: Rimsuinm

mantgs 1 GInviw mnaga pims sy
narglHaugmmansEgu i tmam 8y
wI GesiIsg)a  slhinuinuminsan
ulgntguisHaue 18t Apimspiimi g
uigntgumiisigangn  Apims e
WHS UITUHATS thmanHiges g9

6259 do fessen FiW0od: HmdEm

spueiiwn iU GRINNS umtmitne
Lﬁﬂrjjmm°ﬁmmmrjju[um;ﬁﬁms Shu
;gni@mmmgamnmm:ﬁfmmﬁmﬁiﬁ:
TH S MG I UM UMM

ﬁ[S’I’gh RS SRINUAYIST  Bay-Front Areas
1

i’mSMIiﬂUjﬂ[ ﬁ?ﬁ?ﬂj"“lﬁmtiju ﬁ:iStl

mgﬁ?@m?m sminnifgjuinimigsas

2

[l U URITE]R N S Liquefaction SIMSANS

2

i SpN G

mitaugatgisminsmansim:as:

ondtaaiguis mmUESLﬁfmS[LULm fith

2

iinaGAningaénsmuwams

AN 10




>

ifanpynwalgmafninnsasinilin

IuignUINWE i Fmsmianus

P

an(gionEsyiuuantstnd fu

(UM SUgNia g

Y UL N WIIN NI U § R B U151
szmmg:aﬁusfﬁ UGG RUIIE sy Nt
inwmivisgsisliivisidupims

uigi)siigizote imiuwilislgsny

g 16
AGAIM{UAURMITURS JSF {uen
M

Sgséaipimsidruunt it fainn
ighiSHaug mansdgroidumeg:
BPUIIE 5171

meantgi: ©2017 ;N AglitaaSniing
sunnglifinSninnisviuainis

3-2-10 Nihonbashi-K ayabacho, Chuo-ku, Tokyo
103-0025, Japan

Fax: 81-3-3667-0245 Phone: 81-3-3669-4815

MG W N S UHTRGU R sunpou@jisf.or.jp

BN G AT http://www.jisf.or.jp




HAUGIEUEU Y

rusiiansiaspntmin sponwdimfuin
ipwitfiuifinms §h vigalgpmimmigs
ARG AT AND AR

($N1G1-3)

imsMIn I omim s powmam s
IS‘InhﬁjS%}.ﬁ{ptﬂnHIS'anSH‘lnmi ’
EN W AN ANT UMM UM SyEjsn N
MAUSWIHA  BUNWHANS
fgmuidumsmimuiguaiame
s g pAYMIGS{RiMsGIgsimmun
WA RG] AN WE TN W gintE Ui
s mn i w iy et s
HUMWIBASE8NG T U U LM U 0 s 1)
HUNIGMAGR N WanitE Grusmuwidsi
B AM B UNN G ST NSyl MigH e
GSteiG sy sgrgpunaywanifams
inwiSnigamaiduiiinmsigis
INUHSIBRUAMMU SN UG MG §iD
ruinmn8ueu§rueisununuANIuEAG

AANIANAFINY U HIGTInmMptssims:

wisastduipnuydniunSwamSgong
81 inAnunysMsysIfuamimama
1SS N UMINERINNGRgpUMAYISTY
i g nShyanmainialigl 2004 un

e NG AmM WUt 15 M AN S8 [

o

YW I oMM (g uiimt

P7 3

IRV
AYINAGAGIEMIER T iwmMinnIs ms
UHS¢AYSISMIgENAIFIINAG{AZUPU

‘Eﬁnﬁjnmmm L‘Ij“ﬁﬁmtﬁumﬂjnSﬁHn

=]
o

o

nmsiansiigaisamamam s

[2pl4

min{fAnigars:
MIGIFEORNMMMISANNAYAIAIN TS
1wl §h:mﬁﬁ?wm§qhﬁﬁﬁm y
mitisOmmmmigagpuAgiiuuRIg
ki mﬁémmﬁﬁjmnmfiglmﬁﬁmm
HIMSIRUESHBaRImYs

- MUARWENIURIURSAEIASGUMA

2

thutglinut s mah wo s s

jusa§ 1 vinmAmigsuiagaigaisngi

2638 LPG [ UM SN M AISIgR DG
G Muhywatghst nigh miﬁngfﬁLﬁlmjﬁJ
A smumwiisimanfang
201171 YU AR I UM GNWISI RIS
Umﬁ:mmﬁﬁmmﬁgﬁm@wﬁ@h@hﬁ
RN RIS nRAgIGIn wights

o mam)agpiemigh Saefdwinninhunons
FEmSUNMISIgusAT2 AgRaumI
im witisigmndyfgi2o03 tnysuirel &
g sHuRAMUIA imsmuis:fapins
gamcHa i weanitanunimosinag Is
HpRld s pim suRIgia Mt d

AN TN RITN ST



- muus 81 srummAGAG IS GRIpRUY
gitsdinniipiemnits daiihs

jusad 3 ummAmAGisGuuh W ang

Immimageisuuam

o

O{G{FRIUATAA:

2

sinndmuiw: it uiipmnifgimm

I irsTHIugi19951

mity nmnISUﬂﬁlLﬁh Shﬁhia ﬁjS Shdss

JI
2

NS muiwmanifEuuRih
frvuamiusanmiges§ispeusagdngs

1
)

jUd1 (@) Atyusanbmm it sawnu
SmuinprnistGpngiv iU idgun o
MiMuIiie: T gpBlinpimsyuinmeg
IS §meinsas IHumsugNAithdus
:m:gﬁagmmﬁjgsmsfmmm (thigAyty
ﬁ}q::m]h:mghgzmzts:) 1 ywHSSHis
2RI SIUGE tﬁmﬁﬂhﬁmtt’ﬂ wmituAmA

)

288 LPG :3313Uﬁn§1 (b) BN AF A

I

numjishinsigd minrumsuinmi
ésfjf}ﬁ 3.61615kn mmﬁ?ﬁ‘iﬁﬁj'&ﬁﬁgfﬁ
Ona Shémunenyuidumsipmant
400 x 400 TS THRUTRIHNIFIM S AU H{F B

fids

o

- muiArgTR Sansuyiisingsipph
iuAfgamans s asiagsiuhfnuian
Aphruyg i iy uyg s

a0 ﬂj[S“WﬁmtﬁuntﬁlmZOH maanifan

-8

tsgsmsuinmanjumn§a 9

JUBHG1 mi: Sumits e iag SIUNLPGEH U
snagomumanuidisimaginifals

{wIgeuntisgi2o11)

jusaé2 ifissiysiuiis 81 fysnamy

0 MBI G S W i st mi

mﬁwwmﬂgmmﬁ #15§12003)

jusa§s mius 81 mAgsisniunhw

Efﬁmfmmm(mmgmﬁ:m‘gm@w%)

2

mn istmeialgld U sHAwA g {Ehingh

2

ATy g anm (M s i fiigi199s)
jusaga mimtanalsgapagrena
H.Lstmrjjimﬁﬁjmnmf}(mnrgmﬁtmmﬁ
NNIRA{UIG AUTHTS2011)
mnwalgSIm:MigeaanNsSagpuiny
IS‘ln.ﬁhﬁjH[ﬁﬁﬁj

ST g o 6 Qg gﬁ”mSLﬁzU[Lﬁmi
istidim st siag e ru il nigi Ay (g
maGsisim: s Sanmindndinives
IR NI SMNGES{FES (AU Sili]
UGN SnG I Riphni ihwsaniia
;m:ﬁﬁ;m:@fmsmhmt’a:mqsmnrgmﬁ
i8N Mgl 1964 TumaMUs fug]
e gruanmsdynimagaismituieic
NIURIERIMIgEAATEITAMUITAIES T
gagjs Uty AYIS: yuF2 unmAd YW

fsminwalygdinutpmni juSangine

w3
P

gigjnousimuiisighfeurgnives



GInIm g AgURIAIEn A ALY UYIE§
paganw M imannibindpngn)
faupimsapammigagwismimusd
U SNIAAM SIGNSNUHIART A0
IspunuiniShsunninginnmaav
m@imsmdﬁ'smm nnjutoe 10 i85 81
7 H6{m ama ishinidms sgigmnisiim
aFVEn miﬁngr?LﬁafgﬁJ i siay SHUNIBSMSE 5
m'stgimsma U mmﬁm:gmmh firs
RN E B RO PRV R US TR
1811 gwigshisiysiuhidumsiain
sgarshiGiinumseumsnrugrsimitiu
igltniSamin) igsmu g aigASaumi
G esiits srg)ams gty siuirdsti
600 ﬁiji'Jﬁ“lig‘ilﬁ[LU%jm‘lé%j[Lﬁﬁﬁ?ﬁgéﬁ
fanandén sifimaghuyis #pngny
vimanuatihspimsnwalymms
;mj:mmﬁqmt’nmﬁmfmmm:gprﬁﬁsm:
st rufinrgjirsl Nanka Trough rsi
MBUIMWIGIIEF MU Amannmio
wteastis

juan§ 3 uinmmenuninhywismintim
gunsergmienwmusisiidigeuuigis
HudiGum e §W{uim U 22,000 KL fdnith
gnrumssANmituAmAis g SI{uR

I rjjm:iﬁﬁfmmmémmmmmmmsrg

WS 1IN AU B G EE W IR U] G ) Huh

mutsmitginifnisfangafaris

L@jﬁﬁn}mm;hmqiﬁmﬁmhnﬁmgmm:
mudigisiigmugenpting)sgriis:a
50m/s ;s*lqmgfmm:gf;gﬁ Ishiymuans
mMnluuIs: yemifisuygmugiaye
e sis g oy gyissmsinprimifa

suRgmngagrsigndus{Faniuas §ian

«

AiSnppimsmnuimauingsGimw

MIGUMSMITATMSMYAH{§

jude minwdtuismimadfamifni
(pwitsimaginilafingajnays)
jumn§3 mitanuiuispisl st g
yiF Fngny (gumicumsing)sgj 5.0
m/s [Sﬁ@:ﬁ@ﬁjmﬁmﬁﬁgﬁmﬁmﬁnﬁﬁ)
Imsmiunbn s pow et e Shimusi
Gimeadmimigapnny i
imsminnesiptnmingtimauyigds
HnwnARHImIt s mGigjunimisige
Gmmememmigagpuay i Ith s
i iamimidoaeyis T goldums

uinmisjué4imsdgsdandinmuims

a o

minhmigs (pimsugigdgimimitgnn
mimidmataun sy hangdn
SUNIAUR A mianheshgingindsivg:
tunfsuyts Manpeyidmirg i

{wredigiiyjsue s umitiurgithni

i)
=,
=%
g

a &0 Assfaalsupimsmamig

0

an

HNWHSGIR  uBigjy s M §8 s

Dol WS

=
S
-0

nifan|agisisAsipimsiinsn



>

U)iisAgUaANAMINIIS:MS 1 (i gmnis

A

te

anpygus:pimsifagnwmifitnnd

ishigmu g eantiedsiani -

2

jumn§ s uinmanminnisimsma{ny
fry

JSHUN U8R atnnutiuthnijsiaiua

Gwama dsiufnaigaisurs asigimnh

surswitsdnissmulgsipiidutug

ﬁﬂjnﬁ"“li'ijmi[S'“l imagnit S‘lSﬁ?[Sﬁ[ﬁjS

2

uhis: a1 Snifdnisursianiiistann

2 a

mit:sRomisigninnadamywi:§hni

AanfAgRIIN R AmE

o U=l o @ 2 2

awmnsadicuipm

al

MHZ’I[LI‘IUJ’ZSTIE’{IHJ

=

Ran
[
(6)]
an)
5
0
2
c
c-

=3
0

%’
=5

=
. .
=5
e
=F
iV
c

=)
G-

miANSI I NMIgHeNITATS NS gidhn

o~

ﬁg[?‘l[ﬂjmii@tﬁ Sanunwams

:s*lqtjggzms PagniugAs mangay 81
(A8 I PUIAY(MET)) iU RSTENAMIUNGS
TS OUIRYIM U S I MW SN
Lﬁmjj;Lm:iggrjjﬁ 8h misUgniuaiags
2NUAYS IERIUAGWAME T NG

nmwanphisisgsiyys

p7)

nighipimsifiiag
RSt AIGMmARUSId U sMiti S{psan
grumSnipinwimarnwinwitg §i
:mﬁﬁjmmﬁzmqhmmﬁmﬁﬁﬁgmaqz“J
G

HAlngmsyHs SR MITHUMA
NgiunEIMITNANuLgs o tmMitsa

AR RIAYUTSHIG)AGIM S IAM:{puItss
UMW fuAjamS ivesaysgrypnm
4

HS S Fy WAt :mqhmmfgamm‘}m:
nifnismasEagpAYRYWw I MigUens
mss@wﬁéhﬁjmétmﬁﬁéfﬁmmsétﬁﬁ
JotavsSnyuisim ysjuiargingy
FRAUSUYFRIRImsINAnY A ungin
i weaniiam s gnuwis N opyw
fnumo nAnrgmSmas{piasitasni
TG msERus SNy g anns
Y] EGAEMIIS S MAtHARAS
ginmuiwipanuanmuSaihamu
gruisidupinsauniuingindyim
AnSIBIvAIBY]SaNIIAYIS: T GIm:
MinfAnmnns M isngNwisiuss
s M SN AN MIN: I{GSIG)af
HimsauauRaitiuEnUUgan ]|
annsisarpuIAy M igagpu
Aggomanistgaldumnsf:viginds
{AU{MSIgT
mitsaitunnamsunidwis:fpims
mam:;mqhﬁ;mm;’nﬁmm SRINUIAY
§h navSynuins 1 IssAthmisin §isi
pim SN AR MIvIAsGgs
raguismuuigamEsnmiunisuens
IsfiuSgrypIAYLYSjE AN aYS
qﬁﬁﬁéﬁﬁmﬁﬂ minwatygisutmasis

mimaviyeinis s gupAygyALm



wresuthddgomiesgAgrsing
firupim s APttt Umiy :ﬁﬁmm
srunmts Sty gana i,

(1|

jumn§ 6 misghudSamingindnme

J I

Lﬁ.ﬂtijti[m IGAR fﬁ%}ﬁ{ﬂmn&imﬁimtﬁ

§mmﬁf§mman



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)

—.,-.;‘_n_/’f R i,
; 13];.‘ T -‘E

Thickness of
liquefied soil

Photo 3 Settlement and inclination of oil product
tank by soil liquefaction (1995 Kobe
earthquake)

10~11m
11-12'm
1213 m
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4 m Horizontal
displacement of
seawalls

Ground disp. - 4m Displacement of
=70m o :
.’< ground

Thickness of quuefie‘d%bil‘: 10m
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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)
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Fig. 1 Example of Reinforcing Structure

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

Steel pipe
sheet pile
wall

Fi

lling

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)
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Fig. 2 Outline of Abutment Model

Accelerometer

Pore water pressure meter

Vertical wall
Backfill
Footing

Existing
pile
Liquefiable layer

Gravel layer Pin

Existing pile

Fig. 3 Secular Change of Excess Pore Water Pressure

Excess
pore water
pressure ratio

Excess
pore water
pressure ratio

Earth pressure gauge
Displacement sensor

Strut

1-1 section

Ground plan

(a) Case 1

Rear of abutment (container bottom surface +0.6 m)

Slope toe (container bottom surface +0.6 m)

Time (seconds)

Vertical wall
Backfill

Footing

Existing

pile

Liquefiable layer

Gravel layer Pin

Strut Existing pile

(unit: mm)

Fig. 4 Distribution of Bending Strains of Pile at the Time of Maximum Response

Bending strain/Yielding strain

A EAD 423

Bending strain/Yielding strain
il W W B O T

Bending strain/Yielding strain
22 10 1 2 3

o
)

At the time-of
maximum response
(38.20 seconds)

o
=)

-o-Back-row pile ;
-~ Intermediate-row pile
-5-Front-row pile

e
'S

o
()

Height from container bottom surface (m)

:.

0.8] At the time-of
maximum response
(38.22 seconds)

- -o- Back-row pile

~- Intermediate-row pile
-8~ Front-row pile

\

0.8] At the time-of X
maximum response
(38.22 seconds) 1

0.6
= Back-row pipe ;

- Intermediate-fow pipe
9= Intermediate;row pipe

o

Case 1: Existing pile

0.4 0.4 = Front-row pipe
0.2 0.2
0 0

Case 5: Existing pile

Case 5: Reinforcing pipe
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Accelerometer
Pore water pressure meter

Ground plan

Earth pressure gauge
Displacement sensor

Strut

1-1 section

Steel pipe sheet pile wall

Strut

(o) Case 5 (unit: mm)



Fig. 5 Secular Change of Lateral Displacement and Rotation Angle at the
Bottom of Footing

Case 1
Case 5

displacement
at the bottom
of footing (mm)

Lateral

Case 1
Case 5

Rotation angle
at the bottom
of footing (rad.)

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

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 P17 P18 P19 -
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Takahashi <«Tamashima Mizushima -
River Asc2
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Mizushima Port

Photo 1 Condition of dynamic loading testing Photo 2 Condition in which sensors are pasted on
test pile

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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Yoshihiro Kimura: After finishing the doctor’s course at the Tokyo In-
stitute of Technology in 1995, he served as professor at the Nagasaki
University and the Tohoku University. He assumed his current posi-
tion as Professor, Tohoku University (New Industry Creation Hatch-
ery Center) in 2012. Among his recent awarding are Paper Awards

of JSSC (Japanese Society of Steel Construction) 2009, 2014, Best
Paper Award and Keynote Paper Award of GEOMATE 2012, 2016 and
The Prize of AlJ (Architectural Institute of Japan) 2017.

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

28

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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Katsuichirou Hijikata: He graduated from the
Department of Architecture of Graduate School of
Engineering, The University of Tokyo in 1981, and
in 1991 received a doctor’s degree (engineering)
from The University of Tokyo. He assumed his
current position as professor at the Department of
Architecture and Building Engineering, Shibaura
Institute of Technology in 2013.

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)

e
12 gp-2s

3-D nonlinear analysis

1 X Sandy soll

O Clay soil

/N Intermediate soil
0.8
0.6 / The proposed formula
0.4
0.2

0 20 40 60 80 100 N
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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
Vibration direction
1.0
ey
5
8 0.8
5 Aft pile
g 0.6
°
8
3 0.4
g Anterior pile
€02 P
S
n
0.0
1 2 3 4 5

Pile position

Fig. 4 Skeleton Curve Considering Group Effects of Piles

P
Skeleton curve of a single pile
Ko: Francis (0.1 Eps)
Pmax: Wedge formula Ko £
Pmax
Pmax+
n §Ko

0 5

Pmax—

Skeleton curve of a group pile

Pmax
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Fig. 5 Stress of Piles Evaluated Using EENA-Multi-PILE

tonf tonfxm
0 10 20 30 0 20 40 60
0.00 0.00
-5.00 -5.00
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Center 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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