WEILZEVEBARITJERT IR S5 688 H25 Pl

B =RE fiax ORERRPT 2 L7 MMERS R TIAICBE 240158

T EZ
AN -
EfE RESL
HH O FHE
e g
H4 A
K 5

AN T-T7N
KHE
R FER
& LT
(I TS
HE EE
iR E

{H Fa2Hl
e
JRH
KE Eh
K A

2020.2

ESEEREA BLE - BE - ZEETEERT



PRTE 28 RN IR ST T
% 58 % 2 B (2020. 2)

A PR B e e D RERR L & 76 A L 72 i R

ERBED - INERR? -
REHEY - MBI
HEEED - FEF -

=< N

B AL -
KBAT -
RS -

& 5
HEE XD -
HEEEE -

= =1
PEIERE G OFRF RIS E BT 2 B EH T — &I
BROMEEZ® ESELHECHTIFERTE->TN5D.
fERERT 2 —FHF CHEIIIRTI2RDBIETLTEY,
2T, AT, HREXRE
TXAMEMAR LEORBEEENELT, ATy B
FiTo7-. ZoETIX, BE
MTaZL2BELTRY, BERMCHIZICE
ML R NIE A T N CERET D
WL T—IRE Ao it & L 720,

D, HE
}_Tﬂ?ﬁﬁx?‘é

W R TIEICBT 2015

{9 - DT - EEEAY -
£ =£5) .

[ 517> - FARE &

[REEED - XKEBEHR® - RJIFY

WEIVRELS LTI EnD, A

iz R R ICB W TIE, &RES

B2l TR LB L STV 5

Ak 2B E LTI R b &>, Wﬁ@ﬁi%?%’%m
BEk E NI L W R Tk ExS & L TRE
RGO LE T ARE LT, BERM AT BR T ITREEM & LOg
TSR T DAL C, AUEEA BT L 72 BE
S LR L CRERRAL E TR A R T » b

Gl U CEERM O & & TR

AW K D TG, BraXbro ¥R RS & Wi OIS X 5 2 A MERZ AR T 5
PN S Gl ®m§&EI$ ZOWT, —&m**%%A’iéﬁ”ﬁﬁiﬁ PSE 3 SAQFLS
ﬁﬁﬁ%ﬁ@%ﬁ BT METIEORE & EBREROTEMYT, SEHEAKHICB T %E
ﬂ%&ﬂ%%@xh7y%%n@@ﬂ%ﬁokﬁ%%%%#b
F—O—F X bT v MER, B, BEAREE, =koukHIREE, FLIP

1) EMENZE S V—F s

2) MEMENIR S N— TR

3) E Wy BEHEMTEER PR MRS - BUTEE

H NTRZ =% v IR

5) HB LB

6) HARGRX S

T 239-0826 43I RARZUVE TR WA3-1-1 [ENCAFFEBA I8 A AUE b - U695 - L 22 B IR 0T 58 i Pk 15 22 Pk B Al

FRT

wEah : 046-844-5058 Fax : 046-844-0255 E-mail :

-21-

kondoh-a@p.mpat.go.jp



REPORT OF THE PORT AND
AIRPORT RESEARCH INSTITUTE
\ol.58, No.2 (Feb.2020)

Development of Seismic Improvement Method for
Pile Supported Wharf Utilizing Existing Pile
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Synopsis

In recent years, the demand of improvement for existing port and harbor structures is increasing
due to decreasing their tolerances by aging and improvement of seismic force design standards.
Moreover, the renewal cost is tend to increase than original construction owing to clearance costs.

The present study proposes the economical seismic improvement by remodeling pile-supported
wharf structures using existing piles. In this method, the old superstructure is cleared, and existing
old pile is cut-off at the low water level. Then, a new pile is driven between horizontal centers of
the existing old piles. Supporting strut is installed to connect the existing old pile and the new pile
to transmit the inertial forces acting on the superstructure due to seismic motion. This method
expects that the cost reduction by reducing number and diameter of the new piles and shortened
construction period by omitting the pulling process.

We report the effectiveness of this improvement method through the model shaking test using 3D
underwater shaking table comparing with standard pile-supported wharf model, validation of
numerical modeling by dynamic finite element analyses using 2D FLIP and its real scale simulation
for investigating effective specification of strut member.

Key Words: Attaching strut member, Added pile, Pile supported wharf, 3D underwater shaking
table test, FLIP
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CVFAT Y T EHE R (K % HuE Ok) F S AR E S T
HIE p (KN/m’) 16.3 199 @ p (KN/m) 77.0
JEHERRE o pa(kN/md) 98.0 98.0| |1k i A mm)  6.00x10°
AR G KN/ 636 636 i “ eV b 1 (mm)  1.80x10”
RRAERR I K na(kN/m) 165.9 165.9
KTV b 14 0.33 0.33
fi g == n 0.45 045
PR 1 R 42 # (deg.) 38.7 38.7
TP ¢ (kN/m’%) - -
BRBEEE how 0.24 0.24
PFREARAENE mg, my 0.5 0.5
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HAG AR

(AT W 1T 3%

B-4. LTIV D A v v o Zomd. 208, G
B DKL T i (ST F2 Bk & [ARR I 72 2 K 5 BES R O Rz
EUfEAERDEIOBREL WD, T RT A—X% %
TANZELHTVD., “REHHE TCORBUCHZD,
ETONRT A —=ZFHRITIOMYE Y OEICHE L TRY,
BRC BT VICBE L TIE, BT Imb 72 icEEh
HAEK6.6TARZ T UIMHIZ /e > TN D,

FETR S2B0 D Mg D 7 AR OV T, FXRFE D &
<, FEBRRCTHEBIFBAELA1.02E L TRIRILICE > T
WOHURIEEN S 722 & D, RIRME T A= T
TRV, T, AR, B3 5IR TR E) 5
Bl R CHUER 2 VDT 5.

4.2 R+IvbOETIVE
ZRCOHFBEHME DO A N Ty M, U =T
HOIEMIBIT Y BREANDLZ L L L, ZOHHIYE & fh
FHHEIZBN TN T A—FOMIEZITH> 2L & L. B
REIZIE, fRITCO A N T » MR OERIME IV T
WCOAEFMOMFHIEEZZE L, T CTOANT >
R OEE S O #FEIPEIC BT, MR ToR LY
fEEZEELTWD, 720, BFORFHIZEVWTIE,
P e B0 7 L— LR 72 EIZ X DB RnET
borEBIBND.

(1) R

HRIEIE (2 38 1 B KT 6 O #h T REIME O B EHE, il
WIL7 L— AT Lo THRFET L7, B-4.2127 L— A
FRMT DT MExtR E LT, Hakbl, BEEM2 A, Th
LEPRT DA NT v b 2RERT. AEEICE VL TIE
FET.OEMEINIH BN O R T v M ES L TR
WARET D Z 00D, BERMOBRMELEE L, B
OB (i ArEImEEZEH ST T 5. 2 kY,
BoNHWMEEEMOBRNLARZFEINT S Z & T,
I35 1) D di R O BB A B R L T I IRGTRENTIZ B 1T
DARNT Y NOFYEROMBINEEZSS Z LN TE 5.

BRERETER

B-4.2 HREEAIPED 7 L— MR X D E

Mg D BER A 238 ) L 72 iR S R TS B3 2 0P 5E

B-4.312 7 L — LMEFIC L > TH b - E — 257 B
frERd. &Y, BERATE0.395kN, AFI760.7kN/mAH3
Bonl. ZOREIZEY, BRI IXRER A E 2 2
NZ v b 2RGSO S &AL, M 1ARYED & LTz,
N, =0.395/2=0.1975[kN]

Fz, Wil RE— AL MIZRoHim EOR I L5
EORE X, WEEILT L — ST OAR & koK -
DR EMOAIEL, BALAREESIIBmEMEE S0 =
FTETHRTA—FHEEITD.

0.5 v T v T v T v T

04; Yield strength = 0.395 kN ]

o

%
.
1

Force, (kN)

e
[}
—
1

Gradient = 760.7 kN/m

=]
—
T

n 1 n 1 n 1 n 1 n
00 0.0002 0.0004 0.0006 0.0008 0.001
Displacement, (m)

®-4.3 A LTy hOT L — LETREE

(2) ALY ZHZE L

2WRICHIHENIC ST DT Y OFERIL, FhAT o d TR
WCRUYVAMEEZEKRTHZ ETHBTLIZEELE, &
BIZH Tz > T, B-4. ARl 2 B E Sz 2 Ko
ARTy MIEHT2MEMELE—A L FExtRE L
T, SRNTA IR 2 R Lz,

\ M, cosa
M, cosax ~Msina A@;Tq
- 1n
- M, sina P L
P Mgcosa 2
E -M, sina

4.4 ALY A HE LRI B

ARFHZBNT, KT OLELADOEHMZZENENA, B
LT L, TP maICPRl e LG aa e s 3 5.
WSS, WAk o TERERET— A > FMEH
THZELELT, SMAICKIT TR AERDD.
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K
RRIBER - 51T - PIE s - JF RS -

P
20 (M, cos0-M,sin6)i
—w'(l)=—22E1+( - El )

WIZ, EMBIZOWT, RUDMAEERDD.

M ,cos@—M,sinf)l
(M, 5
GJ

IR TR — & 725 2 &b, IRFEDS Y 320,

—¢(l):—

(M cos@—M,sin6)l

P,
_2 -
GJ

! +(MA cos@—M,sin6)!
2EI EI

HH BIZOWTPRICK D7cbRfl Ly % [Fkk
KDDL TIREANGELND.

P,
_i+(MB cos@-M ,sin@)l  (M,cos0-M,sind)l

2EI EI - GJ

INOOREZENT 52T, RAUTRTHRIZE T
DE—AL N ETEDHRBELND.

B PIG]
BT 4(EI+GJ)(cos@—sin6)

M, =M

A

(M, cos0—-M ,sin6)I*
2EI

rr -PIFGJ PP
+ = +
6EI 8EI(EI+GJ) 6EI

w(l):_

TS IR GEWNENC BT, el ELp & L7245
BOEMIZ—ET D EIRET H.

Ph,' ___ PIGJ _ PI
3EL, SEI(EI+GJ) 6EI

728, ho I ZRCHIEIZA T MERELILEET
HD. PLEXY, ALY EBE L Zkockimickis 5
HhFTHIPER GO NS,

BEZ - NE 3EW] - @i BROA - SR - IO T - EAEEN - REFR - NMUETTR - AGEARE -
HIFE] - MBEAS - AR SE - I

T =R NP

4.3 BRENER

iR LS TOACEEN &, ACEIERE, stodh
F— AL FRIZOWT, 3. 3EHDOMIEAT v 7 2 DFEE
FERICRT D ERFT 21T 5 . K4 SRR LT
DIMEEICE %, B-4. 61T KN ORI L& R,
BALSENT BN T, FREAKEETEILFEERA3.098mmIZ 5t L
T, BUEMAAT B3 ImmEIEIF—F L TWA. £z, I
ISRV, B/MEIXFRRETH D03 KEIT 2 %
BEOENALND. TORIZONTE, ERIZBWT
KRR & DB L AL EZ BND.

seismi 100
ZOOOAmp‘ of seismic wave: 100‘/«

1500

1000}

500

-500 I —Experiment |
Simulation

Acceleration of wharf edge, (gal)

- 1 1
1000O 5 10 15

Time, (s)

B-4.5 sk iRy 2] IR

6 Amp. of seismic wave: 100%
T

——Experiment
Simulation

Displacement of wharf edge, (mm)

15

_ 8(E] + GJ) ZZD SEI Time, (s)
4B+ G B-4.6 Z(rRFZIE
|+Experiment, Simulation | |+Experiment, Simulation |
New pile , New pile Existing pile Existing pile . Existing pile
(1st pile from sea side) (2nd pile from sea side) (Ist picle from sea side) (2nd pile fromseaside)  (4¢h pile from sea side)
1200""T"'Y"'T"'< AL LA B B ML I N I I I I T
1000f . ] 1000} . .
_ 800} L ] _ 800} ] ]
g r = r
E 1 [ E 1
= 600 - - = 600F . .
.2 [ .2 [
T o0 =
4001 - 4 400 e 4
200 L ] 200 . ]
(i"“m“‘“m“‘ I T ()' - [ ] N T
2 6 0 -6 -12 12 6 0 -6 -12 2 -1-22 1 0o -1 -2 2 1 0o -1 -2
Bending moment, Bending moment, Bending moment, Bending moment, Bending moment,
N+ m) (N * m) (N> m) (N - m) (N * m)
(QFTR T (b) BERxAL

R-4.7 MR O ARMBEER ARSI B T — 2 > My O g
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Experiment, Simulationl

Axial Force, (N)
=
T

o)
(=)
T
1

AT 0005 0 0.005
Axial strain, (%)

0.01

(a)ifE A A BT 28T — EOS 2 BEAR

(b) A +F > R

Mg D BER A 238 ) L 72 iR S R TS B3 2 0P 5E

Experiment Simulationl

200 S m

—_

=3

=)
T

100

Bending moment, (N-mm)
=)
T

20501 0 01

Curvature, (-)

0.2

BT DERERITE— A > b — B EEIR

X-4.8 A F7 v BRI

K-4. 71 EEE I HRAR L 72 I B e RARIE 2 38 1T 5
FIAL & BERRMTO T B — A o AR IS4 2 AR 2B
& BB FEAT O LRt R a7~ 3. B-4. 7 (b) Ao B DO BE
BMITTENROLNDD, FOMOBRN & BERMtIcB N
TEEMNZETE— A MO —EPHRTE 5.

K-4. 8 \ZHFHIDOA b T v MIEBITEANT v o
I —EOT HBIHR & dhiF ' — A > b — dhRBIR ORI 5
Bk & BUEFRAT O EiGHE R & 773, dil) — 8O A BRI
BT, MM CIIEM OBRIIEE L TRV

WIZEB L 72> CNBD, AL O H0E
ITEEMIC—E L CWA, BifE—* v b —ilRERIZ

BT, BAEHRRIIENALNDD,
— A2 FOFHIIFERETHS.

TERY 2 i £

4.4 FL&&H

ARFETIE, BAIRE) R R4 HET 5 ZRouIERIE
AREFET NVEIERK LT, 3.3 EIOEBRFER L o
WL ARIEEIT o7, FFZ, AT v MIOWTIE,
Tz, #hifE'E—2> bk, RCIICLD =R
NOERRLEIUCHE Y B E ZIRGCET VDT A —X
THEET DO, 7 b— MR & MRITIRIZ X0 FEMIC
it & T o7z,
ﬁﬁu,%ﬁi%zmmﬁﬁ&wﬁ@ﬁﬂﬁ?~&
ANTT O e FME BE IR 3315 5 ek & BERRATIC
LMFE—A L MM, AT v MIB Té%ﬁ—%o
P AR, #TE— 22 b RERERSRIITo 7.
W OFRERICBNT Y, EEAICERFER & s R
M—FHLTHEY, KRETHRHLIEETMMEFIEICL ST
ATy MNEEEEOTANT v MERREHEMIZL D&
BEGEOHBNREEZHH TE LI 2R L.
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5. AMEHBITICKSRBREZRRE L]
fRATRIHRET

AETIE, BRERRR LT I X 5 BT %
HEIZ, A RTy MERREHEHIC X AR BRSO E
HUBET I IZ 381 2 VR 72 M OREE B E LT, B
HIA BN IR 2 FEhE T %

5.1 EREMITHE

FENTWTE OF%E TIER-2.1 IR LIzl a5 & L
<, B-5.1 IR HEET VTR ETo7. &1
LN DI NT A—F aR Tt ek, KEOET L
(3, T4 VIR FBURAT & [RIERIC A ) =7 T 5t
BIE0 EHREZMNTEY, A RNT Y MIOWTITHER)
Wl L g T RIPE 2 VTS, R OFE TSI oW

TUE, BRAERRFRICH W N T A =2 &4 LT, Fakht
#1200mmxt20mm, BEFEATIE _EHT H00mmxtl 7mm, FHt
#M00mmxt13mm & L CFRE L7z, #EOME XML
#1000mmxt17mm, FEZHTF700 mm xt9mm & U TEHE L
TW5.

FTo, KRFHIBWTL, BB EORELEET
BHT2DICE-2. 2 [ RTHIERE A AJJHEEI A & LT,
-5.2 \ZRT 2 FE O AJTHUEENZ DWW T b - TRET
EATolc. ZHUE, B b v — 7 R & Fr ORI EE,
ICRERRIERrIE, o MERIRRFIEZ BR L ARES T ) A
MEHZLRE COMBHCLHML-bOTHD. B
-5.3121E, 2D D ASTHIFRB O INEERE AT Ry

ZRY



I BE - NE 3R] - &R

BRSO - B RAT - TR -

107.7

HERL - A - PN - AN - KEFER - ANLBETR - KA
P EFGR - IR - mBEAS - A SE - R EIE - KR - R

<0 =

| 22.3 |17.5L 26.6 R 21.7 | 103.2
™ T

I il l ‘!

Unit: m

[OAcl [[JAc2 [@As BDc [1Dg BDcg(cl) MDcg(c2) [O]SCP
OBs(zk®) [IBs(S4) ML F Wcom

X-5.1 EBRERFREO OO RERMYTET Vv
800 : : Input wave B
Max.:707.65 gal, Min:-446.39 gal
= 400 . = 5000 —— S
\Zg &,ﬁ’ h=0.2
g 0 §
$ a0 £ 1000
2 2 500
800 0 0 150 2
Time, (s) g
800 ‘ ‘ Input wave C % 100
Max.:576.21 gal, Min:-515.24 gal ; 50 ——nput waveA
?@ 400 ] '% —Input waveB
£ o 5 —Input waveC
k] § 18 P S R R
3 400 < .1 0.5 1 5 10
< Period, (s)
800 Time. 9 0 150 H53 EERE A
B-5.2 MBI A D) S RIS !
F-5. 1 BRREY KRG RO FEMNT T 2 — X
BTG 1L 0 ER e e LHT
1 p (N/m) 70 70 7m0 70 7ol |[BE p (ki‘”mz) 1050
B CREI L Lmim) 2.56<10° 9.08<10° 7.00610° 444x10” sageio?] [0 KEAEL@m 01
b i A (m¥m) 001472 000931 000712 0.00746  0.0454| LTEH A@im 0333
th R (— R AL ET, (kNmz/m) 512300 181500 140100 88740 1095000
i M (2 ABL) ET, (KNm’/m) 0 0 0 0 0
LYRMEE-AV b M, (KNm/m) 1741.0 824.3 633.5 516.1 4471.1
~NFATY T BHR Acl  Ac2 As D¢ Dg Deg(cl) Deg(c2)  SCP Bs(KH)Bs(xiH)  +J+ CDM
5 p (N/m)) 159 151 185 153 200 180 170 183 18.7 17.6 18.4 18.7
S i HUE Ome(kN/m’) 1554 2058 98.0 250.1 98.0 282.8 241.6 105.7 98.0 980 63.4 98.0
AW PEAR L G ona(KN/m?) 41535 34668 59384 56360 260543 200020 76500 111776 57863 57863 102000 102000
RRETRIELREL  Kona(kN/m®) 108316 90410 154863 146979 679456 521622 199500 291494 150899 150899 266000 266000
Ry Vv v 033 033 033 033 033 033 033 033 033 033 0.33 0.33
i B n 0.64 068 050 069 045 055 055 051 049 049 0.55 0.50
PR R B 4 ¢ (deg.) 0.00 0.00 3850 0.00 4260 0.0 30.00 39.60 40.80  40.80 0.01 0.01
i 71 ¢ (KN/m?) 12240 15570  0.00 18620 0.00 225.00  0.00  0.00 0.00  0.00 300.00 300.00
RRBMHEER  hmax 0.19 0.7 020 016 019 020 020 023 0.19 0.19 0.20 0.20)
W EARGEE mg, my 050 050 050 050 050 050 050 0.50 0.50 0.50 0.00 0.50
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MG AR Mz

AREOBFHIB T, 2R BT v MM
952 &AL, R-5 2T AR & x5

ELTHEBLE., b0, B miE s 2
— A NOHILN 2HEBRER LD LIHITERELTEY,
HIFE—R L FERBMEE— AL FOBEFEIZBWTIL
EAEREImEE L T\ D

F52 ANTYFDNRTIA—H

sME Bz M E Bz B (F R EWMHE—AVF
s (BRER) (BRER) (BEEE) (BEEE)

mm mm mm KN~ kN-
1 165.2 6 163.2 5 1.56E+03 3.94E+01
2 216.3 6 2143 5 3.60E+03 6.91E+01
3 267.4 7 265.4 6 8.23E+03 1.27E+02
4 318.5 7.9 316.5 6.9 1.61E+04 2.08E+02
5 406.4 7.9 404.4 6.9 3.41E+04 3.44E+02
6 508 7.9 506 6.9 6.74E+04 5.42E+02
7 558.8 9 556.8 8 1.04E+05 7.59E+02
8 600 12 598 11 1.75E+05 1.19E+03
9 700 12 698 11 2.80E+05 1.64E+03
10 812.8 14 810.8 13 5.61E+05 2.61E+03
11 1016 16 1014 15 1.18E+06 4.72E+03
12| 12192 16 12172 15 2.05E+06 6.83E+03

5.2 RREMITHR

ST 51 2 EOA NI v FERWE 3SFEDOA
JIHUERENT 61T 2 FEHBRMTHE RIZ OV T, B-5. 4 128
1 BB L s KA INEEE, B-5. 5 124G B Lok
Bhizmrd. KLY, SERN/KEL2DHIFEHE B
T ONKEE & AKCPER BT TEm 289, KRR
EALZBNTIE, ASTHIGEE) A & B lZxf LT C g
FIZENE ANV NS <, AT HIEEE) A & B CTIIAK PR N O
1B FAE 1 A3 No.8 D ¢600 mm x t12 mm L VW KHOED
BRIZ LTV 5.

600 T T T T T T T T T T T T
—&— input waveA
—e— input waveB |_|
~ 550+ —e— input waveC
& |
g 500-
< i
5
> 450 |
1 1 1 1 1 1 1 1 1 1 1 1
400 12345678 9101112
Strut No.

B-5.4 HEAE_LEB Lo dR KoK A0S

_41 -

AP TE N L TR e B TR B4 2 BF5E

250 T T T T T T T T T T T T

—&— input waveA
—e— input waveB
—e— input waveC

200; M

150

Residual Displacement., (cm)

100' 1 Il Il L Il

é % é é 110 111 112
Strut No.
X-5.5 Hf L CoORE KN

HeAE B8 T KM & 7B K AN D FRE T DU
T, WARAPEERFARITIS T D 83%m, BERite A b
v hOMITFE—AL Mot b LITHRETT 5. ek,
fH D= HIZA N F v b No.l: ¢165.2mm, t6.0mm, No.5 :
#406.4mm, t7.9mm, No.8 : ¢600.0mm, t12.0mm, No.12 :
#1219.2mm, t16.0mm O 4 7 —RIZHEH L THRHERE E L
5. E-5.6 »HE-5.9 ICANHER A IZB1T HHE
FE T O EREZIE, KL, Bk,
BERRHL, A N7y FoWifE—Ar Mmd. 2k,
FE— AL MZOWTIE, R L O KA I LR
OHTE—A L MMAITINZ T, ATERRICBIT 582
FICHAE LT K - B/hthiFE—A » FafiE R LT
5. £, B-5.9121ZA FZ v FOFEITIC Eﬁ?“ét[:sﬁxk
LT, 5.6 »HE-5.9 IR LIZATIHIES) A 12
% R m,%aM@mm@f%—X/%Aﬁwm&Ik
ALT7y FOMFE—AL NHO—EELRL TN, [
Bz, B-5.11 25B-5. 14 [T AJHES) B (217 5%
BURATRE S & B-5. 14 (2 F & — 2 v b 43 O kY]
B-5.16 7> HBE-5. 19 ([C ASJHIERE) C (23617 D EHIMAR
B g & ®-5. 20 (T B — A > R0 O bk AR T

(DATTHIERE) A D FRUBARHTHE R

X-5.6 D ASHER A, A FTF > k No.l : ¢165.2mm,
t6.0mm D7 — A DWW THE %17 5. E-5. 6(c) DHa%
PMLOHITE— A > My AACIE, EET & B9~ 2 Husass
T*Hi/J\EIEIE FE—A v b2/ (e TReR) 12725 T
B, #N»5 258 & 35 H OB TIXEBEMEIRREIC
STW5h. F72, KE2m DA T v MEAMEIZEW
THHRRMOMITE— A > MR EBIIIZE A E R
7. K-5. 6 (d) DEERPTO T E— A > My Tl
HEAFS OB T — A > MIIFE A EHR LT, HFEE
CTHERZH T — A > FANED (MEkHE CHLFRIM) L
TWA.B-5.6@)IZRTANT Yy hOMIFE—RAY My
T, £TOAMT v bOFEM L L ITBERME D



R B - K
BRI - LR I0AT - BTRIAS - F b2 -

PO TRBEMREICE->TWA., Z0Z s, R
-5.6(c) DFFEMDOMITE— A > 434 & B-5. 6 (d) DEE
FMOMITE—A» FOMITBNT, A T v MEAE
fHETOMITE—RA Y FOGHENTE AL EL LR >
TmeEZ2BND.

R-5.7 O AT HIEE A, A FTF > b No.5: $406.4mm,
t7.9mm D7 — A |ZHOWTK-5.6 & LLEmard 5.
-5.7(c) DFEMO BT T — A > M TIE, B-5.6(c)
IZB W TRBIRIBIZE » T - B3 L & H3 SHiEE
OB/ HITE— A > FOMERL axHECRE) L, A
N7y NOBEEERCHEK GaxHETHEM LTnb. —
75, B-5. 7(d) OBERBHLO #F £ — A > M 43ARTIE, HiEH
HCHIFE— A FOERKBALNTNDZ &b, A
Foy hENLTHITE—A L FRpHEINEZEWVZD.
F72,E-5.7(€) DA ~T v O E— 2 > MM TIE,
FHEICETOR KT v MR EPEMEIRREIZE > TN 5.

K-5.8 D ASIHIEE A, A FT > b No.8 : ¢600.0mm,
t12.0mm &, B&-5.9 O AHHIEE A, A b7 > F No.12 :
#12192mm, t16.0mm 04— AZONT AR HLig i
4 %. ®-5.8(c) & K-5.9(c) DFHREMOMITFE— A b
DATIE, AMT Yy FOEZENRKREWZE, EHTED
BEATOMTE— A h2MERL (ki cld) L, &
FZ v hOBESES THIFE— A MR (HRHET
B L, 2MEREICELIHNEZL Lo TnD. ©
-5.8(d) & ®-5. 9(d) DEERMLOEIITFE— 2 > M 34 T,
ATy FOBERPBKEVIEER T v FOEAER T
FE—A PR LTEY, ATy FEALTHHE
EnNsMFE—A MBENL TS EEZLND. —
¥, B-5.8() DA T v hOWIFE—A L M3 T,
EHERIEICE T2 A N Ty MIm BB RIOEM DFH &
2o THED,E-5.9() TIIETHA NT v MR
RBIZE->TWARWY. kXY, 2Ty hOEZNKE
WEE, BERAUIC A SN DT E—A L PBRREL R
Z7-%, B-5.5 OfF & UK EER-EEMITRD 35 &
EBxohd. £, KEEREEMNOBAMEND Nos :
#600.0mm, t12.0mm Z (KT L72BE il & LT, 28
REICEDLA T FOARBEBREELTVDLEEI DN
D.

®-5.10 £v, LEREOA T v FOERIZLZHEITE
— A "SR ADEEEIZ SN, R TIE R D
PEAER THR/NNT ' — A > R AMER Gl TRY) L
TANT v NOFESEHCTHITE— A > h3SEK (i
THEIN) oM E, BERBUCIIHEETS CHAET LS
=AY MPHEKT DEAEDEEMICHR TE D.
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TEE] - G BN - E IR - AT - EARA - KB - NMUETIR - K -
HIE - MBEAR - f A SE - I - KRES - KRR

QAT HEE) B O AT RS R

B-5. 11 2> 5 E-5. 14 T3 #5aht, BEkbl, A hT v
F OIS E— A RyAi L ®-5. 16 ORI LY, AT
HUEE) A O & HETT 5. A Ty FOFETICK
DEBNT, FERRICA N T v POEZEBKEWVITYE, Hix
PUCIX EER T & oS T — A > FAME (ks
TR L, ATy hOBEHTIZMIFE—A 2k
DR (HETHE) T2 & & Hic, BERRPOPIEETS
TRATHIHITE—2A ML TS, F72, A b
Z v MMZ2WT%H, No.l : ¢165.2mm, t6.0mm, No.5 :
#06.4mm, t7.9mm, TIERTDOA kT > hAEEEIEREE
IZES>TWDHZ EITHK L, No.8: ¢600.0mm, t12.0mm,
No.12 : ¢1219.2mm, t16.0m Ti¥, EWMHIREEICESD R b
Z v MIHbshew, £/, AT v b No.8 TIE, #Hik
B, BERRAUZ G722 COHM CRMMIRIEICE 234
MHBIZRNA, No.l2 TiX, HMOA N7 v MEA
HIZB W TRBEIERBICE> TS, UEXY, Kir—
AWZBNTIE, A FT v FNo8 WA T v M &AM LT-H
BT U AEBZIGEICRERIM E B A 5ND.
G)AFIHIEE) C O EAREMEATRE R

K-5. 165 E-5. 19D i 1 & — A > b 43 A & K-5. 20
DKL Y, ANHBEEICIZOWT H A/ HETIA, BE
FRED IR, B, ARy MBI LT E— 2
VNS OB PIHER TE D, £, KM oEEMEIR
RBICEHLHEICSONTH, No8 : ¢600.0mm, t12.0mm,
No.12 : ¢#1219.2mm, t16.0mmD W7 — A THHNRNT &
DL LM EB A bND. £z, ZOA R v FNo.8,
No. 12D 7 — R IZB T ZHRMOMIFE— A v My fi &
HBHE, EMEE—RA L Mot BT E— A 2 R
KTENTARNZ &G, FEE L0/ \me 2288
ARELEZ BND.

54 F&®H
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MAX = 544.92 gal, MIN.= -448.30 gal
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Min. bending moment through the whole simulation process
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MAX.=490.82 gal, MIN.= -363.77 gal
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MAX.=482.61 gal, MIN.= -353.40 gal
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MAX.= 452.07 gal, MIN.= -347.18 gal
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MAX .= 508.73 gal, MIN.= -436.02 gal
— e

1000 F . ; ] 3.0V B i MA)?Z2.Q19H17 RE$.:l .?64131 4
Egsoog ] z
S of .
2’ A o ]

- N R N R
% 0 % 0 100
time, (s) time, (s)
(a) L3 T 0D AR T 1 (b) L4880 AP i I
—o— Bending moment at max. displacement of superstructure, —— Full plastic moment

Height, (m)

—— Max. bending moment and

Min. bending moment through the whole simulation process

Ist pile from sea side

2nd pile from sea side

3rd pile from sea side

.
S h o

—
w

Height, (m)
)
S

.ﬁ%ww‘ww‘ww

000-5000 0

5000 10000 -10000-5000 0

5000 101

00-100005000 05000 10000

Bending moment, Bending moment, Bending moment,
(kN-m) (kN'm) (kN'm)
(OFRBOMITE— A My
—o— Bending moment at max. displacement of superstructure, —— Full plastic moment
—— Max. bending moment and —— Min. bending moment through the whole simulation process
s Ist pile from sea side 2nd pile from sea side 3rd pile from sea side 4th pile from sea side
T e AR R R R R R
o 11 1L 1t ]
sk 1 L 1 [ 1 L ]
-1k 1 L 1 L 1L ]
15k 1 L 1 L 1L ]
200 1 L 1 L 1L ]
25 1 L 1 L ] L ]
30 1L 1 L 1L ]
35k 1 L 1 L ] L ]
a0k ] L 1 L ] L ]

Bending moment,
(kN-m)

Bending moment,
(kN-m)

4 I TN T PP N S T TN
-5000-2500 0 2500 5000-5000-2500 0 2500 5000-5000-2500 0 2500 5000-5000-2500 0 2500 5000

Bending moment,

Bending moment,

(kN-m) (kN-m)

(DEERBLO#TFE— A > M5

—o— Bending moment at max. displacement of superstructure, —— Full plastic moment
—— Max. bending moment and —— Min. bending moment through the whole simulation process

Bending moment,

50 seaT side

land side

N
W
T

(kN-m)
)
G o
T T

v
/)

\/

\/Q

AN

-50—L—
ext. pile .
new pile

ext. pile

new pile

ext. pile

ext. pile
new pile

Installing position
(A~ 7 v bOihiFE— A Mo
K-5.16 EHBANTRR (AJHEE C, A b7 > ¢ 1652mm, t6.0mm)

-53-



W HE - NE A - &R FEIL - SR - S0 - [EAE A - REFER - NUBTR - KEHERT -
BRSO - BRAT - PR - IR LEGK - HE - MBERR - R SE - R - REW - KR

Acc. (gal)

MAX.=496.35 gal, MIN.= -371.71 gal — =
1000 T B R e 8 3.0 MAX=1972m. RES.=1246m
N N - do—
-0 50 100 0 50 100
time, (s) time, (s)
(a) L3 T 0D K T R 1 (b) L4880 AP i I
—t—Bending moment at max. displacement of superstructure, ——Full plastic moment

——Max. bending moment and Min. bending moment through the whole simulation process

Ist pile from sea side 2nd pile from sea side 3rd pile from sea side

Height, (m)

1

- 1 L PP I I
—A‘BOO(}SOOO 0 5000 10000-10000-5000 0 5000 10000-10000-5000 0 5000 10000

Bending moment, Bending moment, Bending moment,
(kN-m) (kN-m) (kN"m)

(BTRRALO M T — A > N3

—~—Bending moment at max. displacement of superstructure, ——Full plastic moment
——Max. bending moment and ——Min. bending moment through the whole simulation process

1st pile from sea side 2nd pile from sea side 3rd pile from sea side 4th pile from sea side

Height, (m)
)
S
T
1

- P I I
‘—?000—2500 0 2500 5000-5000-2500 0 2500 5000-5000-2500 0 2500 5000-5000-2500 0 2500 5000

Bending moment, Bending moment, Bending moment, Bending moment,
(kN'm) (kN'm) (kN-m) (kN'm)

(DEERRBL OB IF T — A > Moy AA

—o— Bending moment at max. displacement of superstructure, —— Full plastic moment
—— Max. bending moment and —— Min. bending moment through the whole simulation process
sea side i
4002 land side

N}

(=3

(=)
—T

Y s

Bending moment,
., (kN'm)
)
S
S o
L
1

-400 ext{ pile ext. pile ext. pile ext. pile
new pile new pile new pile
Installing position

@A T v bofiFE— A MR
X-5.17 SEHBENTER (ATHESIC, X M7 > b ¢406.4mm, t7.9mm)

-54 -



M =R B R DRER L & T8 A L 7o it iR e B TIEIC B9 20058

Acc. (gal)

MAX.=467.32 gal, MIN.= -328.52 gal
" —— — :

P

P

O
S
S

time, (s)

(a)_E 30 T 0D AR STk 2 e 2 JEE

—o—Bending moment at max. displacement of superstructure,
—Max. bending moment and ——Min. bending moment through the whole simulation process

Height, (m)

Disp. (m)

MAX=1.921m, RES.=1.216m
I e

0
time, (s)

(b) LB LKA LI R

Full plastic moment

1st pile from sea side

2nd pile from sea side

3rd pile from sea side

Height, (m)
)
2

Bending moment,
(kN-m)

. 7‘”“””‘””‘””— 7\\\\\\\\\\\\\\\\\\\ L L L

ﬂ?)OOO-SOOO 0 5000 10000-10000-5000 0 5000 10000-10000-5000 0 5000 10000

Bending moment,
(kN"m)

Bending moment,
(kN-m)

(YFTREAL DO M iFE— 2 > b oyAf

—0—Bending moment at max. displacement of superstructure,
——Max. bending moment and ——Min. bending moment through the whole simulation process

Full plastic moment

Ist pile from sea side

430002500 0

Bending moment,

(kN-m)

2nd pile from sea side

3rd pile from sea side

4th pile from sea side

R B

Bending moment,
(kN-m)

2500 5000-501

Bending moment,
(KN-m)

AAAlAAAAAAAAlAAAAA
00-2500 0 2500 5000-5000-2500
Bending moment,
(kN-m)

(DEERBLOITFE— A > M5

0 2500 5000

—o— Bending moment at max. displacement of superstructure,

Full plastic moment

—— Max. bending moment and —— Min. bending moment through the whole simulation process
sea side land side
1200F—
E b
g 600 B
oe t p
E § V] \/ -
2 -600- B
o
A L
-1200—=
ext. pile ext. pile ext. pile ext. pile
new pile new pile new pile
Installing position

() A FT v bO#IFE—A > oA
K-5.18 EHBMENTER (AJHESC, A M7 v b ¢600.0mm, t12.0mm)

-55-



K

PRV + I By AT - T

BEZ - NE 3EW] - @i BROA - SR - IO T - EAEEN - REFR - NMUETTR - AGEARE -

k=

= RNy

< 3k RRU -

—_
W O
o O
oS O

Acc. (gal)

(=]

-500;

MAX.=466.51 gal, MIN.=-304.31 gal
T T T T ]

(=)

0
time, (s)

(a)_E 350 T 0D A SV sk 2 e 2 JER

Height, (m)

HIE] - MBERR - AE A SE - U

T =R NP

MAX=1.885m, RES.~1.199m

_ L. R R R L R R R R I
1'00 50 100

time, (s)
(b) LB LK PN LI R

—v—Bending moment at max. displacement of superstructure,
Max. bending moment and

Min. bending moment through the whole simulation process

Full plastic moment

1st pile from sea side

Height, (m)

2nd pile from sea side

3rd pile from sea side

'fﬁ)ooosooo 0

Bending moment,
(kN-m)

5000 10000-10000-50

Bending moment,
(kN'm)

1 1 i 1 1
00 0 5000 10000-10000-5000 0

1
5000 10000

Bending moment,
(kN-m)

(C)FRX BT O M F £ — A > ko3

—v—Bending moment at max. displacement of superstructure,
——Max. bending moment and

Min. bending moment through the whole simulation process

Full plastic moment

1st pile from sea side

Lo
n (=3 W (= wn
L L L

2nd pile from sea side

3rd pile from sea side

4th pile from sea side

R e AL o

T

e [ DR E e e o

430002500 0

Bending moment,

(kN-m)

2500 5000-5000-2500 0
Bending moment,

(kN-m)
(DEESRLOEITE— A > b yAi

2500 5000-5000-2500 0

2500 5000-5000-2500 0 2500 5000
Bending moment, Bending moment,
(kN-m) (kN-m)

—o— Bending moment at max. displacement of superstructure,
—— Max. bending moment and

Full plastic moment

Min. bending moment through the whole simulation process

Bending moment,
GOENmM)w <
W W
[=] (=3 (=)
(=] (=) (=] (=]
T

'
~
(=3
(=3
(=)

sea side

land side

T

S

S

S

I
ext. pile

ext. pile
new pile

ext. pile
new pile

ext. pile
new pile

Installing position
(A 7 v bOMEIFE— A MrAi
BO-5.19 JEHUBLRHTAS R (AJHIES)C, A R v 1 ¢1219.2mm, t16.0mm)

-56 -



Bending moment,

Bending moment,

M =R B R DRER L & T8 A L 7o it iR e B TIEIC B9 20058

Min. bending moment through the whole simulation process

Strut size—°—¢165.2 t6.0, ——¢406.4 17.9, —0—¢600.0 t12.0, —v—¢1219.2 t16.0, ——full plastic moment
1st pile from sea side 2nd pile from sea side 3rd pile from sea side
TrrrTrTT T TrTrTpTTTr T T T T
o R KBk ]
-5 i
-10 i

Height, (m)
)
S
———
U Y IR ST NN I NI S E——
L O U B B |

- FENENE EPATEATE AT AT A TSRS SR S WY FENENEN EFSATATE AT AT AT

49000:3000 - 0""3000 10000-10000-3000 05000 10000 -10000:3000 0" 5000 10000

Bending moment, Bending moment, Bending moment,
(kN-m) (kN'm) (kN-m)

(QFRRAO T T — A o M 43A1 D Heifs

Min. bending moment through the whole simulation process

Strut size: "0 —#165.2 t6.0, —4—¢#406.417.9, —0—¢600.0 t12.0, —v—¢1219.2116.0, —full plastic moment
1st pile from sea side 2nd pile from sea side 3rd pile from sea side 4th pile from sea side
T T T T T T LA RN LR IR T T T
0 i
-5 i
-10 4

Height, (m)

)

(=]
PP PP 2P 2 2
RN Y NI Y Y S SI ST T
.
PR IV I S NI A T N T
T
AR NI NS IS SN SR T S SIS S R

—T T T T T T T T T T T T T

430002500 072500 5000 5000350003300 5000-5000 2500 0" 2500 3000-5000-3500 0" 2500 5000
Bending moment, Bending moment, Bending moment, Bending moment,
(kN-m) (kN-m) (kN-m) (kN-m)

O)EERBLDO T ' — A > b A5AH D Lk

—— Bending moment at max. displacement of superstructure, Full plastic moment
—— Max. bending moment and —— Min. bending moment through the whole simulation process
50 seaT side land side 400 seaT side : land side
VAR Bl VR il
/E\ O I | g /.g 0 [ 1
25¢ A A 4 2 -200r -
L i m L ]
-50 ext{ pile ext. pile ext. pile ext. pile -400 extl. pile ext. pile ext. pile ext. pile
new pile new pile new pile new pile new pile new pile
Installing position Installing position
sea side land side sea side land side
00— 7 ET =]
600+ B g 3500 L ]
g I \/ ] g ,g [ |
= ok i gF L 4
é I R 1 é"E 0' B‘sg > §< >< < - |
-600- 1 g-3500- .
[ i 1 m [ 1
-1200— i -7000E—t
ext. pile ext. pile ext. pile ext. pile ext. pile ext. pile ext. pile ext. pile
new pile new pile new pile new pile new pile new pile
Installing position Installing position

(A Ry FOMITFTE—AL FOHO—E
®-5.20 % }7 v MEHIEIC LB EHBAITRER O () #iEE) C)

-57-




K

6. #&im

TR I, BERPIZIEH LA OB R AL L
LT, BERRWIMICHT721C B TIcEs T Ahua ik L,
BERRBL & Hiakbie A b7 v b CHfET 2 TIEOMER R
DROKEFE B E L THREEITo 72, oo F %
I T LBV THS.

- 3 3 EOKFIEEBIC L DRAEEHEBRICK VT, 12
M= SN 5E L CHit /) & B> — B e B i s & ik &
ATV, HHE 0 TR o> SRR B /K SR A B 703 (R R B
TholeZ EDLRABREOHEEEZALTNDZ L%
L7, E7, MHERHCZA RS v FEALTHE IR
FUSHHT 2 2 & T, BpciET Dk £ —
AV MERRT HEBHER I N, IHERO R T

v FOFEFBIZHOVWTIE, A MT v b~MERT B 103
HRAKEFHED T E—A > MTIAZT, SREHF D
HiFfE—A b, MLV HIEHLTWDZ EERLTE.
B A TEDOHE RSN & D RERIRE) 5RO BT
WZBWT, ATy MOREBEERFRORE L A TN
2L DB I & BRI S S 2 L TRE
T&EBZLERLE. L, “Rkakmomicd
D128, FREEERIT R OBERITCA N7 v Mok
VT 5 REEER T M~ O EICEA ANT BB TE T
WHICHERNMLETH 5.

S EOABS IR L D EMRERE xS L
FENTIZFS T D272 A N T v N OFEtIc B3 2 Mt
TIE, ZFEEOADHEBEERIIKRT D — A FE T O
Tl 2fEE GRS L THREEITo72. AMT v O
EREPKEL RDIZE LEHT LA O E— 2
v MIEE SRS, ATy hOBERETHHESN
L2HEGDINT D7 DENT A BB L CRET
DVENHDHZ EERLTZ.

£, KRBT, 2 RT v MCEEEM 2 RE L
B, HIE R AR OWMM OMEA R EORICE T, L
DRRMARINELR TR T2 2 B ffEns L b
2, ZNHbORE S &R A TE A L TRE D
ORFMICIHER R E(T ) —B & RhUEEnTh 5.

(20194E11 A 22 H 32 A+F)

SE XM

D) EEs@E BB REE i ORER O &I Lok

e - AL, BAREREWS, 2007

2) E:R@EE BB REE « B o R o Bl ko %k

-58-

WA - /N W] - miE BRAL - ISR - 0
BRI - BRNAT « BB - JF LEGR - HE) - {mEEan

3)

4)

5)

6)

7

[EAEN - REFER < /NLBETR - WA
- R SE - JRm I - KREW - R

% - FfRRL, AOAHEISH S, 2018

R A Ty bTEE~ =27 MEREAR
FEBRFE HART e o & —, 2000.

SRS, ESUR, @R KPR LB K DT
KA O M EAR, R34 LA BB S
AT s R TR 4E, Vol. 29, pp.934-935, 2001.
ITREBIZ, NESEE], R, EREREL, SOk
=, EAEHA, HIREB, FAEE BTS2 E N
L 7 B BAEHE D B AT R & 2 DB B IR DR
i, EARERERICIEB3 (EERIZE), Vol. 73, No. 2,
I 378-1 383,2017.

Iai, S.: Similitude for Shaking Table Tests on Soil-Struc
ture-Fluid Model in 1g Gravitational Field, Report of the
Port and Harbor Res. Inst., Vol. 27, No.3, pp.3-24, 1988.
lai, S., Matsunaga, Y. and Kameoka, T.: Strain Space
Plasticity Model for Cyclic Mobility, Report of The Port
and Harbor Research Institute, Vol. 29, No.4, pp.27-56,
1990.



HREAEE0%BEREERLTVET



	5.報告抜刷表紙(58-2-2)
	報告58-2-2_要旨・目次1
	Synopsis

	報告58-2-2_本文
	裏ページ



