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Fu : Horizontal forces acting on the breakwater due to the seismic loading respectively
Fv : Vertical forces acting on the breakwater due to the seismic loading respectively
F’n : Horizontal force acting on the breakwater imposed by tsunami waves

Fu : Upliftment force acting on the breakwater due to seepage of water

Settlement of Ground l:v I:U Scouring
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X, R LB D ES L TH Y | AR OB NN RE S ELT 508, TR O
2 HICH P BT, Sample A OZ L & FULL L 72 A 2 78 3R BLE RV, Sample B, C. B8 X VE 1%
B2 TR 2 AT MBI CTH L0, FAWRTER TOREMROEITENTH 5, K10 XX 912
AR BR BT DR AT s B 3 L7 &l Bt ORI AR Bu Th D, £ 41E. BT % e=15 %
W BN EE U 7= W S C ORISR Bys \S X5 ea=1%FI R ORI R FER By DEIE Bmu/Bmis 7. B4
FTE LD DO TH DI Marsal® O J7 15 I2 53 Z 3R L FTE O OT 7 (6.=1%, 15%)
W L2 CELICHEHAT ZEIE L, Z ORI CORL TR 2 RO TV D, Eifar sl BR i % B 7o o]
IRIOHED B 72 5 Sample B, C 13X, e:=15 % £ THREC ORI AT & A E R B, SampleE (&
D) 1XE e TR 72 AT 505, T Th 2D EMERE TR AT 5, ZOMAIFHES 2
DOEEAEDAFZERFAFALL L T 5, Sample B, C, E 13 &R AIRL it K& < A L TV e, Bui/Buis
1% 6~T7%Hitk & Tl L TRV | WA AN O IR RN BRI Z S22 &3 bnd, —H,
Sample A (i), D (F& 1) (X, TR FOBEENREZRDITHE21D L THOT HO/N I VRN S
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REREAWBE LRI D 2 Wb oTe, o, PeaidEmoE AN e TR F-ded 4 C % ]
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0 o
0.01 0.1 1 10 100
Grain size, D (mm)
9 HAMETEDOAFEMER
20 |
r 17.2 _
S L 148 = M Shear strain =1%
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m L _::: :::
= [ - o3
= 10 | [ = 8.7
3 . 64 [ —
S [ 56 =] N =]
g 5 r :::: ::: :::
% r :::: 1.4 1.7 ::: 05 :::
a o C — ‘=3 “1E .
Sample A Sample B Sample C Sample D Sample E
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ea=1%. Bwmi (%) 5.6 0.1 0.1 6.4 0.5
£a=15%. Bwmzs (%) 14.8 14 1.7 17.2 8.7
Bm1/Bmi15%100 (%) 38 7.1 5.8 37 5.7
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ZEMDL, EDFA LA B R R R DB RMEMREEZ R LT D LI S LD, 7o, MR L
T PE - THHRIEHEIOT 2 DA 2% 10%IZEZ L72Rf R Th - Th, @RI RAKEL Auloc 1% 0.95 (23
THA 7V 7EEV T A NEETHD, —J5, X 13, [X 14 ® Sample C 35 X O Sample E 1% U=1.5 D
BERPRE 1A RS TR RE SRR | AR EIRT) p OB I ENA OO 2 (5197 M)
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KIEEFENE LWIGE Th o THARIE LA R O E 5 R R AKEDOEE R K E VN, Z Offuk
L AW OFIEIL, BB OBBRICHFEAET H~ MY v 7 AMOFHEIZE Db D L HR IS,
LR eaid, SR LIEIKE AR Z 2T THIEQOMOT AN EL RN &, £72, V127
v 7EE YT 4 BEHET Auloc 1X 095 TER SN D ERRIIIKRIEBIZITBREL W &b | HIERF
DAEE U AWHIPE S FAMETEN /NS, BHEROREEEZREET 2 Z ENFRICR D EEZ LN

%o

Deviatoric stress, q (kPa)

Deviatoric stress, q (kPa)

Deviatoric stress, q (kPa)

150 150
100 | = 100 |
% o
50 =~ 50
=
0F g o
50 | & 50k
100 - E :
: s . E
3 F 100 g ‘ : :
150 &= ' e O 50 b v v v v v b
-50 0 50 100 150 15 10 5 0 5
Effective mean principal stress, p'(kPa) Axial strain, £,(%)
11 Sample A DEMSHBE - IEH~VFTHEFR (oc” = 98 kPa)
150 150
= 100 |
o L
< 50
=
% 0 F
S 50 F
S :
& -100 |
> g : 3 3
L I I I L L L L L L D _150 1 1 1 1 1 1 1 1 1 1 L L L I 1 I I I I
-50 0 50 100 150 -15 -10 -5 0 5
Effective mean principal stress, p'(kPa) Axial strain, &,(%)

12 Sample B OEME LR - [ H~VFTH#BEFR (oc’ = 98 kPa)

100 100
g s0
=
= -
g 0
8 C
>
L
| s 0
' ©
: 3 i : ! :
-100 Y~ L — o -100 Ybbrv v
-50 0 50 100 150 -15 -10 -5 0 5
Effective mean principal stress, p'(kPa) Axial strain, &,(%)

13 Sample C DEMSHRE - [EH~VFTHEFR (oc’ = 98 kPa)
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60 ; ; ; 60

s Y D S e

o r 2 r : |

< 20 | = 20 F s R (| M| E—

< [ 4 [ 1 :

g of g of

S 20 | 2 20 foeeeeede -

S | 5 ; | | |

T - < I A S

g 40 ¢ ! ! ‘ S 40 ¢ : : !

@ b | | | A r : : |

0_60““"“"““"“‘ O_GO....n....n....n....
-50 0 50 100 150 -15 -10 5 0 5

Effective mean principal stress, p'(kPa) Axial strain, e,(%)

14 Sample E OARIEHER - IEH~VFTHEFE (oc¢” = 98 kPa)

15 (2. A RUBr#ul U IEHEK =il Bt R 2 MR IR O™ 2 DA 25 5 %122 L 72 I T ORI L
PRWENES ) B oal20c” & A8 U aiifmf [F14 Ne DBIFRZ 7777, Ne=20 (Z351F Dtk LIS DHRIE L TiEs L 72K
PRALFREE Rigo (2D T, UcD/hE W Sample A, Sample B (AL 13, KA WFHOEE T
%, Sample E (E##p) LU DR EUSampleC LW K&, £/, AREIO R0lL 042 &, FHLW
X E 2 AT D8R (Ro=0.15) <° C ikl (Ri20=0.18) % L[5,

YR DK Z 72 Sample C 1%, A& A THWAHIZHED BT ouf2o 1T/ NERMEZRLTEBY . [
BRI SO LMMRIIC LD b0 LTSN D, £7o. BEBRE O/ S OEREHIMGR UEifraEk N,
MONTNOHE S 6d200°73 0.3 2 LAY | RE MR LEAMFREZ AT 5 b0 L Hians, L
L. Sample A {3 UH RIS/ S WELTH T Ne DN EE D odl20 DAY K & 2%, Sample B
XUV LWITH 0D 53 Ne DIEWIZ & D a0 DZEAEDS Sample A LD /hEVv, ZZhb, AR
AT HEBE REAEHE, Ne=10 LT O U e 3o/ S Wi TR & o AWk a2 67 5%
DG NeDHINZHE D odl20 DZAGITRIFTRRITIEFT 2 b D L &S 5,

OSample A
OSample B
ASample C

< Sample E

Cyclic stress ratio, ¢4/20,'

i R I R SR AR AR R
0.1 1 10 100 1000

Number of loading cycles to DA=5%, N,

15 R Ui DARIELE ~ #RaR L SifsrE 2
(o, =98 kPa, 0 =60 %)
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. MRRERDOWEBEICET SIRBAREER

ARTE TR0 S A8 O el A 1 0> MR R 2888 2 R % 72 o0 S L 7 AR Eh R B SEBRR R I o T
WA, PHE SR OMRME 2 7 — Y RO OB, B TRAE L 72,

3.1 REEEMEROBE

PR A ~HEA S S 865 mm, i 1830 mm, BT 430 mm T, AEIET 7 VLR & BRI S
720 R A R T E D, BURSHE & GHUBSAS AL E (XX 16 (SR K S IR ERE, AEF. L—
P—ZNrE, AKEF, BBKEGZ3E Uiz, £io, AR TIZIUNHGIC BT 2 R ENERTH
HEFHIESN TS EIGERICHHEREESE L LT, ESOMRL (EMA 7 — VIR r—)L)
%64 & LC, HlEAEEY-FAROMER] (1ai%) @A Lz, Dk, EREIHIIERI R r— L cF
o, HUAR I T EHRD & FH VN, ARG D=90 % 00 SR HAR TG O [ 00 A A TUOWERL L | JRAE A% 1T D,=60 %
Z BRI ZE g FiEA W TER L., =72 RidiEa 6 52 0T D=60 %% BAEICHRIC L 522
FDEITVERL L 7=, Z0 Rz — Y VR E -, r— Y R 7 L S SCE TR O Fa R R
FRIEL, BE23glem® & L CHFEICER LB ECEEB L OEMIEOREZIToT-0b, LR
ITEHFMINC 3 BHaRE LT, BRHEANL, & & 200mm., 6§ 400 mm. #JE 3.2 mm Ok A AV, S#
MR E CEEEL T PmAEE TE D LI Lz, FIRMEICE L T, 25055 1E~ U v RIEFR O/
W2, AFNDGEIT~ T v FIEROWEHIZINZ Tr— Vil b r— > g o 1/5 BEN T35 T F 3% L
Too MERHANZIZA v X EROEM (X v = 12, BB 1.49mm, £ 0.63mm) ZHW, Ha~v
RekzBol-ttEN~r o e B TS 23 E Lo, HBRWES IOV — Y VEE, #iTR 1L
e 1A%, PN ORIFNEE 2 & 8D 5 7 DI 43 IR 2 T COKE T B KA BLG Lz, 7eds, A
KR CITEMZERT D72 OIITERBEIC L D ENEE A CTN =D, KEKEZOEEHAWE,

| 500 | 800 | 500

— B Acceleration
210

e_

. )
Foundation ground 2 2 2 180 @ Pore water pressure
D: =60 %

A Water pressure

800

M =>» Horizontal displacement
270

! 1800
Ik W & m Al B mm

X 16 BIEHSFEER (REEFBORTETRY)

\L Laser displacement

RS ICEBEM 2 R~T, AFRICET A AHERIZ, B 1~-22HE L TI5H OIERKEE L
72 IRENKGRE R DR W HIEERR R E) 2 MG 5 720, b KERE U IC B W TEIR O )T
B SN 77— %5 50 Gal UL EOIREERE 25352, R T 178 B, #HBL 2 7 — ¢ 8 B
HES 2T U COINERRZRE Lz 2, £/, ATEEOE NN —Y v O FIckIFTEs
WEd 5720, HIMEEL, 100 Gal, 200Gal, 400Gal D X 9 IC K& S0 A% 3 FEHOMNIESM: %
% E L7z, ANfRIE 100 Gal, 200 Gal, 400 Gal A TTTVvy, 8 FUINHR L CRIFRKIEDIE A #ERR L 721212k
DIMREAAT - 72, FEBRIZ, K 17 12779 K 512, MEA4fi5R (Case A) | BEFEAITRZ L o 2 FISH AR A7 (Case
B). 2 ¥ A+ EAmsR (Case C). 4 FIFIAKI+IEEMTR (Case D) D 47— ATITolz, &H7r—A
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e U, SAHRIC X DR R L ipE K~ v v ik D~ v ROZEMHIZ S, £ LK
&g SE O EAERIC X DB O R R BT 2 Mmat 217 - 7=,

&5 REBENERBRORREN

Cases 3iA JE I (H) I EER] (sec) e RN (Gal)

100
Case A I A 9 B 15 8 200
400
100
Case B 2511 6] 5 A A o B 15 8 200
400
100
Case C | 2814 2= # +1E A4l 5 E 5K 15 8 200
400
100
Case D | 4518 = Al +1E B 4 7 IETXE 15 8 200
400

(Sea Side) 7 (Harbor Side) (Sea Side) 7 (Harbor Side)

v -

Upper Layer

d Two Rows of Sheet Piles

(a) Case A EifTa (b) Case B 2 BIfM&iR##sa
(Harbor Side) (Sea Side)

Gabion Mound

ﬁmm_m Ay ~

Protective Protective

Gabion

(Sea Side) (Harbor Side)

Two Rows of Sheet Piles

(c) Case C 2 %Ki+ EsR (d) Case D 4 FIffxiRk+icEsHER

17 RBERRICE T 2 EEBREH DB
3.2 MKIROERBEERRBER

3.21 =Y 2DFHETE

X 18 (2, L—W—ZMrEt L-1, L2 K0 Eoiiz, SRR T 2 FL FEORZEE 100
Gal, 200Gal, 400 Gal INiE = L 1T/RT o ABFETIL, V——ZNFF L-1, L-2 OB &% [htE
OVHRLTREER L, BHER MR LT3 7 — A2 LTz,

100 Gal IR CLiZ L=, 4 7 —ADOE T REOZEIT/NS L, HlOAEICEDL O T HE R EN
£ LT v, 200 Gal JNERE Gl ffigh U7z 77— AT MR L 0 S Bk FEN/ NS WEEZ R LT,
Case B %, Case A & [RIFREDEHIE T EEZ/RLTEBY, RO LTOWLTEMEIZIEIT/ NSV EHE
&I D, Case A DY T & i L7354, Case C & Case D Ok THITIE 83 %. 48 %24l
flEn Tk, WEMMII~T Y FICHESEEZ 52, v~V FREOERZMEI LT~y FHMO
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PER Y & FEEHAE ~OMEZ M DR 5 D LR S D, F£72, CaseC i Case D DL FEN
FO/hENZ ENnD, SHRIROFIE T ERE T2 2 EEaEHE O 7 i 8h 2 1 9- 2 2 R A3 8
THEEZHND, 400Gal NIRRT, M L7z 37— A XML 0 & Pk FTEN NS, il
g0 & bl U 7= v PRI &1L 200 Gal INIREF Co FIHIE XL 0 K& < fﬁﬂf_o Z 2T, Case A DY
TETE L B L7-4 . Case B Tl 80 %!Z, Case C Tl 54 %I S 7= diZ%t L, CaseD TiE 37%
W SN TS, 202 b, EX~ T v FEWE TIEEORE & MR OINIE N LG40
= O TMHEZIRNEm N ERHERI S D,

19 1% 400 Gal INRZIZH 1T 2 EMARIMAEDOZREZ R LTZ b DO TH D, PMIRLIZESIC, r—Y
OUE FIX MM &~ ROMFAHBEZIRT 22 LICER L TnD, Leins T, ﬁﬂ%*ﬁ IR ELRRE
o 2 R Ul 2 Bl L, MEERRIE~ T RICREIREE 52 T~ v v REROER 2 1)
HlT 270, MEOHEERICED r— Y O TEERESHAFTEDZ EBHALNI ST,

=100 Gal === 200Gal =100 Gal === 200 Gal
= == 400 Gal = == 400 Gal

10 >

10

15 ~

15

Average settlement (mm)
’
Average settlement (mm)

20 20
0.0 25 50 75 10.0 125 15.0 0.0 25 50 75 10.0 125 15.0

Time (s) Time (s)

(a) Case A EHR (b) Case B 2 FIff&tria

=100 Gal === 200 Gal =100 Gal === 200 Gal
= == 400 Gal = == 400 Gal

0 -\; 1.3

10 it P
10.0

10

15

15

Average settlement (mm)
¢
’
’
o
[{e]
Average settlement (mm)

20 20
00 25 50 75 10.0 125 15.0 00 25 50 75 10.0 125 15.0

Time (s) Time (s)

(c) Case C 2 5Iff&txR+ieErER (d) Case D 4 3F|ffX&iR+reER

18 77—V DT TEDHLE
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19 400 Gal MiR#&RIC & 1T 5 EiEEMB O LK

3.22 =Y UDFEHHKEELTE
X202, L—H—FME L1, L2 KON R T &R — Y ORI F & & LT 100
Gal . 200Gal . 400 Gal DNEIZFER L Trn L, HEAfisR(Case A). 2 FIISH KAl 7 (Case B), 2 FIIHH KA+
TEAHTR (Case C). 4 HIFH KA +IEE 5% (Case D)D 4 77— A ZZF N EH el L=, 100 Gal IR Tl
BRI RZ T 59, 200 Gal AN#ERE, 400 Gal AR TIE 58k T &1X Case A, Case B, Case
C. Case D OJEIZHNHI S 417z, FFIZ Level 2 HiFEEh 2 4H7E L 7= 400 Gal MHERFIZ IS\ T ok N anhlzh R a3
R&ELBNT,

30
Case A B 100Gal K200Gal E400Gal

,g 25 Case B
£
= 20
é Case C
;; 15 Case D
3
= 10 I \:
3 N 3
A N N
a4

0

Test case

20 7=V DFEHERBRETE

3.23 =y rmiEf

X211z, L— ﬁ~ﬁﬁﬁLlL2TﬁMéht%T;%%%x# LR, T2 ClE. 100Gal,
200 Gal, 400 Gal JEZ L12/3iF TR L, Hfism i L= 3 r— Rz LT, 77—V v Offift% L-
1, L2 DL TEDOZETHE L TV 5D,

100 Gal IRKF ClX, &7 —ATHRLNTIL TRICARREZN LR, 7F—Y O T ED

B &[RRI 100 Gal #2252 D HURE) CIIMROA IO O THERENE LW ST S5, 200

GaI IEREClX, Case B D47 — Y » OFEIHEIM L, Case C & Case D Tidr— Y » OEEIEA LT
W5, Case B IZRBWTHAIZSHR LIZJHEE LT, RKRICE D NI ol o R
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FRESN TWiehoTeloh, v Uy ROEFEOWEKIZHEWT — Y o OMRIDMEE S L7z 2 & nzT
515, Case CIZBWTIE FEDZEMN 90 %2 L TW\WD Z iz oW\ ik, BB~ r v RORMER)
RICKV~0 Yy FOERPIHE Sz BEZ 55, CaseD IZHB W T FEDZEN 10~ 25 %I L
TWBHDIE, MEEX~ T FOWMEDRIZE D~ RO @ X, 512, SRR OFIEDE
ZBHZ LWL, EBEHAROMIRNENEINT D Z L 2R L TWD, 12720, BED L Z AHFRKDF)
BOFENIT D EBRAZRBFHII TR T Wiz, A% O L 95, 400Gal NIHERETIX, Case
B Tl — Y OMENEIM L, CaseC & CaseD Tlxr— Y v DHBEN A L=, 2, CaseD Tl
EAENIARD T/NEWZH, RE R HEE NN - 72 BT R MR I 2 TR OIS ME 5 M
BRI RENEEZ NS,

0 — 0 ¢
E 14 1.9 20 >4
5 ST A .
~— o Arescsssses ~— - ..'°'--
g eeeen g 5.9 e
5 6.8 = i A
£ 10 7.5 ERTN: 8.3
g 5
E = = -
g b 17.5 g K
> ———__ 93 b3 16.4
720 F =% “ a0 |
[ee@ee | ()0 Gal eeemes 200 Gal [e=@== 100 Gal eeeae+ 200 Gal
Lo = == 400 Gal [e= &= 400 Gal
25 25
L-1 L-2 L-1 L-2
Laser displacement gauge Laser displacement gauge
(a) Case A #E#HsA (b) Case B 2 FIffl&iRidHA
0 0
1.2 1.2
5 Areces 5
— LA XX TNV —_ r [ Yy p———
g [ 56 6.3 £t 6.7 6.9
£ 10 C Xy £ 10
= - 9.3 == =
=t 10.8 =
515 51s
5 3
Wl F v L
20 20
[em@e |00 Gal +e<e+ 200 Gal [ i@ | ()0 Gal e+eA«e 200 Gal
[t 400 Gal [e= &= = 400 Gal
25 2 25 2
L-1 L-2 L-1 L-2
Laser displacement gauge Laser displacement gauge
(c) Case C 2 5ISHAKHR+ AEEEFHE (d) Case D 4 5ISHEMR+ 2EEHE

21 7=V niEH

.24 H—Y L DEEKR

X 2212, IRIZE 57— U OWENR L2779, ZORIET — Y > FE ORI IZ D 72 AL D-1
CHIE L7= 100Gal . 200 Gal, 400 Gal MHERED KN B OMRHE 2 KR — A Z L2yt s 77
Thbd, ZZTOr—J rOiFaEhElE, MEBICE 2~y FERREr—Y VEHOBE#IOZ & %

0 = —

fE L. AR & MR L7 3 7 — A 2 ANALEE D-1 D KEEN & TR %,

-199 -



100 Gal MR TiX, AiMRIC X 2B OMENTR S, 7 — Y O T E EEROEE L TFH
FRIZ 100 Gal FLE O HERE) ClIflis oA EICEL L THEERENET R VW EEZBND, —J, 200
Gal JN4ERE:, 400 Gal INIREF ClX, CaseB TiX7r— Y L OKEENEENM L, CaseC & CaseD Tixor—
VDKM IH ST D, Case B IZFW T, 200 Gal R 77— > DAL 1.4 512
HR L., &7 400 Gal MHRIFIC Case A L [RISEOWEENEZ /R LTI-DIX, 7— Y » OHERIOYA & RIEkIC
FARMUNZ & 0 RS S NI b B D L P~ U v RERMR SN TV R ooz, ~ 7 ROZE
TEOERITEE > T —Y VOKFEENIMEE SN2 LN ET 5N D, Mz T, WEMMA R Case
C L CaseD IZBWTAKEENM N LI 18%, 35 %4 S =ik, E THEEICL Y r— Y Dl
BREI SN0 THEEEZLND, LER-T, WEHRAET D2 & TH— Y L OKEEN
ZHHIT N EN DD Z NS 57, CaseC & Case D % Hifiid % & Case D D7 3K EZLENL
Il SN2 NG D, ZHuE, SRROFIENE 2 5 2 LI L0 FEREHR O AR R 3 N5
52 EERLTOVD, SRR OFIEEOECE T 2 EBRIRFHHIC OV T, SR ORGHEREE 95,

B 100 Gal m 100 Gal
0.4 §200 Gal 0.2 5200 Gal
m400 Gal 0400 Gal
= =
(I CATEAEACAEANAIALE 0 [ 44
0 2 4 6 0 é 4 6
Horizontal displacement (mm) Horizontal displacement (mm)
(a) Case A #E#HTR (b) Case B 2 FIfA&iRidHR
il 0.4 é il 0.4
Z N o i!lOO Gal Z N 06 i!l()O Gal
& 81200 Gal & 9200 Gal
0400 Gal 1400 Gal
mwﬂm14 : : MMOJ : :
0 2 4 6 0 2 4 6
Horizontal displacement (mm) Horizontal displacement (mm)
(c) Case C 2 FIff&IR+REEEMR (d) Case D 4 FIFHK R+ HEEWHE

22 =Y ORERR
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4.FED

M EEPE 1) b & Bt s 2 it 4 2 H R RSN NI RIS LI Wl & 2 B+ o 720, 1G 45
IRENVE ISR & DI R AR Lz~ 7 > R OENZHRABR 21TV DIg ok T-o1 R,
B OBLE HPIBIR ORI R 2B Lic, AR TH LN EERFMATTRO LB THS.

1) <~y FHITHW SN DA DOESEIEPEAKE AL, FBEEMITELWVEAETH-ThH
BELE 72 M W E LIS R ERMEE R L, BRFIEIIZE gnax 1E. BT ORIPE L O b ThE
FOFEIC KR EIND,

2) AEZAET LA, PSR U 0% LW IR ERI I~ o LEfraEL Ne /b X 70
P (10 LAF) CTREREAMNERIEZ AT D,

3) BB O BRI ZE B OFRIEE NG LWEREICTH o Th . KISR0k IR D&V &
DREEBRD,

4) ~ Uy FHIEER LIEHEKREAMZZ T T8 ThoTH A 27 ) v 7V 7 ¢ NEHET, 1@
R EEE Auloe X 0.95 TEZR SN D SERRIABIRAEBIZIZBIZE L2 W2 E R oo T,

5) ~ UV RMICHWDEAITIEFICREREANERIZET 22 0D, FRELOCHERO 7 —
VOREMICHEGT D EHEIND,

6) BHEEEAICH W -~ T RHIXEN - ANTREZ G T 2106 bbT 7 — Y O FRAET
7-0i%, EENZ K 2~0 2 RMOYER D & B ~OHENFRINTH Y | FEl~v v NIz
KO KRIEICHEBSND Z L EZHLMNT L,

7)) BEBER O AR A TR, SRR SR A T S Sk =Y DL T EMHIT S Z &
NHER T & 7=, FFIT, 400 Gal NIRRT, 4 FIEHRA+HIEZ MR I OMmSEtE L0 LT
BEOMEI RN Kb REL ool

8) BARMMHIRODO A TIX, 7 — Y OEE, WEHEITHE AR L2, SMRR+HEEMm Iy — Y v o
FOTEENIH S, TAVRER RIS K Mg EE SAVEE IR R E S ot Z EIT A,
WEEHX~ Ty RIZE D~ 7y ROERIGIZE & 48 TIEE I X 2188 oMl h 23 F i S vz
O ThiHEBZEZLND,

AFFEOE LD E LT, U 2 FMITHRE, MERICENT-LZEEREZ RT 0, 77— O F I
Mgl ~0 Ly ROWFNRKTHRETHZ EDRMBETEZ, UL — Y rEEICLVEIERISh
L0y RMOYER Y & M A~OHR N ERK Th 5 & B X Hiv, SRR E METE %2 72 AR HE
TAENr— Y O OMFENZE L TWD Z E 2B LT,

St ORGIFEE LT, BERRBRCIEER SRR &Mkt L7e 2 & BUEE D TV 5 it 2929 L
DOEELSMAEMER L, LV HEEOENT- MR TIEZRET DLEND H, £z, EBEOHER % H -
FBRAEAT O 70 &L ATTHIERIE OFE VDB EE OIS BRI RETHEB LB T2 TETH D, S HIT,
AAHIR TYEITHR ISR LT b AR R 2 B LT 5720, KBRBRISEER & BUEMRAT O B4 VT
MMEE N R 2 HesR T D TETH D, AFERIER T, RROMIMELPR AR S O EB R L TR
DREZNZED, KOUEZ L DRBBIEOTEZTET 52 L PMEE LTHETOND,
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AAFEIE B ARSRHE I X 2 THiMEE - BEBRF¥ BT —~ i E~DBE & T TE Y,
IR LTUEHOBREERT D, o, AR EEDDITHID . TEEBEBRK Ui KRFEHINKE) |
N — K QUNKRZHMNTRRE) . LG AR (B K MREs S se s, B R o vz v
V)L BRI (BER RS A ge e | Bl A N HAREINBAE) IS RAEIN SR A TH X |
IR LTEHORERT D,
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ABSTRACT

Many coastal protection facilities were damaged by the 2011 Off the Pacific Coast of Tohoku Earthquake and the
subsequent tsunami, which spread inundation to the coastal plain area. Countermeasures of compound disaster by
future mega earthquake such us, Nankai trough earthquake having high probability etc., are issues that should be
resolved urgently. The resilient structures that can reduce damage when they are subjected to earthquake and
tsunami higher than the design earthquake and tsunami are being developed.

The authors developed a resilient reinforcement technique of breakwater foundation using gabion mound (mound
covered with gabion) and steel sheet pile that can minimize damage when the tsunami is higher than the design
tsunami height. In this research, model tests and elements tests were performed to evaluate the seismic resistant
behavior of the proposed reinforcement technique. To that end, the authors performed triaxial tests for the rubble
used as mound material in the model test to evaluate shear deformation properties during static and dynamic
loading. The authors then performed shaking table model tests in 1G gravitational field to evaluate the effect of
steel sheet pile installation and gabion reinforcement. Results of this research show that the mound material can
mobilize excellent shear resistance under both static and seismic loading condition. Furthermore, the results also
made it clear that the settlement and deformation of the breakwater during earthquake could be restricted by
reinforcing the foundation using steel sheet piles and gabion.

Keyword: Breakwater, Gabion, Steel sheet pile, Shaking table test, Triaxial test
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