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FssiCAS & —#H T4 L THE, s T TREFIR/H R - S5 /-t PR IS AH BAE B B =)
THEEAT, 2 T R PR ROIR -1 PRI L - S5 M WA BAE AL, € S0P R/ R R 28 T IR
AL Gt e e TR A

FssiCAS KA RAVANS (Reynolds Average Volume Average Navier Stokes) 7 FE1E N IR K115
AR, KABhA Biot 5 (Dynamic Biot’s Equations) {F AEpR M IE I 45 MW i ) 7 FE, i@
=G FEIEE A B T R G N — B, &3t 8 NAFEIRIKIESEES, 2 AMET iRl
1 ANE LSRR IS IE, UESE T FssiCAS FA MR e (I 5 NG N . FssiCAS 7 H Al pr Lo
FLBIR-IE KR-G5 VA BAE TR e H IR B KB 1264, EARJUFIIAT . BAR LA AL 1)
ST AR

FssiCAS THE AT v AL FE 2% g K h 71 264, AR AL 264, R P& v L H
RS AR AS R L AR Y, W5 R-FE OB, D-P A, fZIESIM B4, Pastor-Zienkcisz
TIT AR Y S5, f A% S0V A 750 5 S AN R % S IR L BN 152478, B A FssiCAS s EhF & AT
DL IR -1 R -5 A 0 AE AR R R S 3R I n TS B v 2l 0 A TR . H Az As A O 2 & AE T AR S
B T LS &A%, nTUCAIREIR S AY) (Bikse. WREL. RilFa. miEXHLE) 1)
Wit EHgE . DURROR . H R RS VPP PR R R S HRE

1.1 =557

Ye JH T K IAS G158 FssiCAS AUFE N8R 70 BRI AUA T AR- S5 Mg Al o R R AR R 32 22
AT EOR AR R IR ) PR A S AR B . L AR- GBI B T B i R R DL K S5 R )
XTI IR BN B, EFEFLIR & 7 AL R 2k 7o SREGHE & FIERM AR HE 5ok
ZAR AR T CUATyEAA JT R . b b 7 B AR RS [ 4572, A AN VARANS
(Volume-Averaged Reynolds Averaged Navier-Stokes) /7 F£f15) 5 Biot 52 (Dynamic Biot’s Equations )
6l s sh . FLERIEER Y b KSR Eh A T N FERIRAE RS LR A 5T N A
MAEBGER A, ERANHEIN R RUE R IES), Rl el R, ity K g Fim
Fo ZhAS Biot J7REH L AL BRAK R s BE 2% [ AR A

1.1.1 HRRBUTHI S5

FssiCAS K27 Biot /7#2 (Dynamic Biot’s Equations) il fLER A/ FAEHLE . IR 25 8 A A
BWAEH NZIESmN . 3174 Biot 72, XMW" —p"/ifE. 303 Biot 2 E T FLEE/K AT 1
FR I B

9ox | 0txz _ _Ops , 0%us
ox T 9z~ ox LT , (1-1)
0%z | 992 = _9ps 0 -
ox T oz TPI= aszatz (1-2)
aps 0%ey dey
kV2ps — ywnB -2+ kpp == = Vw5, (1-3)

O A ug Mwg 73 5l L AERE B RTINA IAT A2 5 n 2 IFLBRR s o, Mo, 20 )2 A [m) RO [ 1A 26N
s T e BN T3 po & ALBRKIE TT5 p = ppn + ps(1 —n) RALBIEIRI T E L ppe IR
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ps R BARESL; k RIBWEERE; g RETMESE; v, BRI EE; g RN, £AK (1-3)
LRI LS 246 2R BB AN S AR e, #2208 AE X

ﬁ=%+%, gy =24 2y 2 (1-4)
SARRHEIR NI, pyo IRERHERFS L T, KARRALBRK AR & .l 9
K; = 2.24 X 10° kPa (1-5)
KA BRITT TR AR ER w7 RR-DRN(1-3). S EUEE TS
Mii+ Ku—Qp = f® (1-6)
Gii+QTu+Sp+Hp=f® (1-7)

KAE IR BSEOTREN, KA j B TRE) p kg 20 X Newmark AT [HF 7. M, K, Q,
Biot 5 FEBUE ik LS BT LI Ye (2012);  Ye et al. (2013b); Zienkiewicz et al. (1999).
1.1.2 BORRBTHI 572

FLBRA 51 N AN AN 3% RAVANS  (Reynolds Average Volume Average Navier Stokes) 77
FefEdl. B s E R sh & T E R R RN

(g

=0 (1-8)
alur; wr) Aag 1 nopy  ONuriugs) 1 oz
e = - -
80 U B0 ) + (i) (1)

A Us; T

P L

t NN

p— K

p—Ik 775

7 —— PR OE R AR R VR R 5K &

gi Eﬁtuﬁﬁ,

n——FLERAT R FLER 2 5

dso——LBRM B F 2Ri 4 5

co— IR EBIERE, ¢ =0.34(1 —n)/n;

a's B——or A E S AR 2 4 TR S & 56 R 28, 53 A 200 1 1415
<>, <> HRRFIE TR HE PN EFE T, HELTRA-10)200H 5
(a) = %fvfadv , {a)f = %fvfadv (1-10)
X v SAF IR Ve——Ar B oK G 38 B0, BIFLRRARR . B PUARRR I B N AR
PR TR R N a) = n(a) -




1.2 3B0R AR BIFIK RS K8

FssiCAS A 1 Z R AR i 8 DL & = FhoR AR AR 88 . SRARZS A Static (51 [A] TG IS
##4& ). Consolidation (- [H[E&550#r, S A —Fr-SEAEIS) . Dynamic (BhE&0Hr, SEFE
FHEARR) . AFIEAL LN Table 1-1 s

Table 1-1 TARARKBIR

AR P
Elastic SR A AL AT
General Elastic — R B AR R (] 2 FE AR 55 R A %)
Bi-Modulus Elastic 7 AN [F] (R A AL 1L 2
Mohr Coulomb TR AR A 5 Y
Modified Cambridge Soil B IESIM AR 1A
Pastor Zienkiewicz Mark II1 PZIII AL A5 1Y
Burgers Burgers I 2 157
Cyclic Mobility Zhang B LAY
Soil Constitutive Elastic_Truss ST AL T
Models Elastic Beam S ZE R T
AHER Elastic Cable G 2 BT
Elastic_Spring PR BT
Elastic_Shell S 7 BT
Elastic_Viscoelastic R B BT
Userdefined SoilModell
Userdefined SoilModel2
Userdefined SoilModel3 I HE R
- (RZTE 5 M)
Userdefined SoilModel4
Userdefined SoilModel5

1.3 FssiCAS HFHIMI&,. B kT a

FssiCAS 7] PLA GID. Abaqus. HyperMesh 55 MV &5 43 B0 A o 5N L4 K1) 0 B 1R A S
fF, WA LS A H GID. SolidWorks &5 Mk X% &Il 73 414 5 Hi 1. IGES . STL #% 31 3£

7E FssiCAS BAF R FFh 25 b B G R BRI XS B PU AT f 28R, %1)F Tablel-2 o — /A gh
PR IURE FEIRART . BIeRAI G HIONMTEE. B2, SR ARSI, HpFR s ufGER T
ZRER] . RIEAF I BITCH B LR B e, g, bR sc E MR,
B B, BRFTTT, WASNA 2 AL 3 WAL SREITA 3 A 4 3 SRR
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Table 1-3 S FTTH 45 7 Rk A

T HERITI L
T Mo = =T
4(8) it 3(7) 4(12) 3(11) 4(13) (SR 3(12)
T 8(16) 6(14) 8(17) «9(18) X 6(15)
e
% | 109 2(6) 1(9) 2(10) 1(10) 2(11)
=~ 5(13) 5(14)
jﬂ"g
67 5
3(9)
6(12) 5(11)
1(7) 2(8)
4(10)
= HER TN
—HrEos = T
20 A 27
il :
AT
i g Ay
T
*) Ko-f-d-
47
2

HE: EEHE M =T7 PR E 5 AR SRR RS R T B EAET SR REEE, B
HATH B E AT K. M GID. Hypermesh. Solidworks & EEA4-5: H FIRI#E A E 44k
FRONJLBY, B2FAN FssiCAS 5 FEETT e RHK, (B LR ERE B ITHRBX,
B R AR B TT I IR A B K T FALE B4R ST R IR
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141 FERAE

2012 4 Ye TEH A 1R SO IR T — A AT SEPE A s I A4 - 25 A4 - PR AH ELAE R AR A BUE AR,
A BRSNS, BN 4B FSSI-CAS 2D Fl = 4ERA FSSI-CAS 3D, J& KiX
PN A il R — MR, R 4N FssiCAS. Ye Tk JE It FssiCAS #5418 1Y (1 Rt Fa] 52
PECEEE] T Ye (2012) 7 Z5%0E. Ye KA Hsu Al Jeng (1994) $2H f#ENT#E. Lu (2005)
XoF 5 FIBE FIAR [ 4% 5% 38 1EAT 1) — R B S B8 IR AKAE K. Tsai 1 Lee (1995) X33 M 72
Mizutani 25 (1998) X i /K T By i3 AR 56 A1 Mostafa 28 A (1999) X} 5 & B i 32 (i 56 25 /K 5
D124 ARG E S, 5 FssiCAS A1 2 1 i TR -0 M g PR SE Ath- 77 385 B2 1 80y g g . &6 SR 3
FPXtbt, ARIEEHE R FssiCAS #5 AR TS 45 REUS T N — 8tk . B 45 R 50 B 158
s 2 A0 —FER Y, FssiCAS XTI IR-HER-25 A AH HAE FH i) f B A B T S

TE IR R- S5 WP AR BAE I 5 710, Ye SR FssiCAS AR ANFIEIR CGRIEREIR
PABGEIREE) . ANEPIR G . MR ASZS . T, NESEY OK TS 2aF
5o SEEIRAKAIAT T — RAVEBMET A, BUESE RSx4 RISV & . hAl, FssiCAS X
T VR AN B T = AH LA P ) R A 205 A T S E i Y R /KRS (Tehetal. , 2003) AT
EL LIRS (Sassaand Sekiguchi, 1999) 133 1 it — B HEHIE. A RIUE TAE R E 2 4005 B W
Yeetal., (2012) Al Yeetal., (2013b). Mt4h, FAHEHT FssiCAS BXA PZIT ARt L Rl Th 37
F 1 58 2 7E P B eSS Atk IO BRAR R & B B3R I sl T2 R e . (Yeetal., 20150 &% LAk,
Ye It & &) FssiCAS Al & A5 8 B A A i 13 P 14 A bW v () ol 4

T YERRA FssiCAS #1122 SOk -
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Bt SR IR AR - 25 K - PR TEL AV P 1) AL, Ye JLHLAE 2012 5ETF % 7 — N HUE HH AT FssiCAS.
7f FssiCAS H', K RAVANS (Reynolds Average Volume Average Navier Stokes) /5 F2{E A IR K
PR, RIS s A LRI R h LRI S, 32 Biot J7 FEAE NG AR L (O F i 5 R, 45
U R SRR 5 K D g PR ISR Zh A8 e B o 8k — MRS BRI A B T R S N —
&, i 1-3 Fios.

Wave Generation

VARANS « Wave Propagation
\. Wave Model / Porous Flow
e “Wave-Structures Interaction

P B FSSI-CAS 21D/3D
(Flow field & Pressure f - :

| ;i % | \ Fluid-Structures-Seabed
Continuous \

= b Interaction

N

/Soil & : Structure Soil Dynamics
( _f«ll Structures Dynamics
\ Model s h _Soil-Structures Interaction

Kl 1-2 Gt EE

TER A B0 4 Biot T FEAT RAVANS 2RI R, HMf vt 552 A7 75 VT W0 A% A0 S DG B ]3RS 79
Tk 250, T A o i) B0 RT3 38 Eb A o i s RS SE0N e R T B B s KAy
5~20. FrLL FssiCAS F{EBIAH, FRATRAPZIEILEC RIS RS, N T8 H A% R G0
RUFD AR ()22 SRR S, B LAFRATTE BHZS Biot 77 FEA1 RAVANS J5 f2d1i% B 7 s 8 e i 1 o
XA R A T Wang 8 ANTE 2004 SF42 H A2 M 46 AE VL, 2 TP AR LA 2 (8] i 408
T
ER AR, P B T2 AR, BRI LR, I H R BAERH TR R
VIZRTHI IR 770 PSS ok R4 0 I R RN S5 M ) 2 T (1) I 0 AR S g3 3 0 A2 i 11, $2 3t
oy AR, NI AT DA i PR NS M I A R (AiFs . FLE . BN J155) . [EAERTZ
4 VARANS J7FERIZNZS Biot 77 FE7E FssiCAS fA R AHSS &, BEAN RIS BRI & L1

B E B VEA S B Ye (2012) F1 Zienkiewicz 25 (1999).

225 k-

[1]Ye J H &Jeng D-S (2012). Response of porous seabed to nature loadings-waves and currents. Journal
of Engineering Mechanics, ASCE, 138(6):601-613.

[2]Zienkiewicz, O.C., Chan, A.H.C., Pastor, M., Schrefler, B.A., Shiomi, T., 1999.Computational
Geomechanics with Special Reference to Earthquake Engineering.John Wiley and Sons, England.
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FssiCAS THHE KA v] AR g LRSS FESE P vt Fee MEVEA T S, 32 2 ) s
SRR BIHFREFTHIRIEN B, LA SRR Bha e e AN Al kit B TREIM . HFE3ET)
B

(DIE &P IR ML RSN, SiEEEWYIMEAER (RM/AERMER IR FUN/BENL
TR WG %3, RIS

(2) A FLBE AN 5T P I / v S FLBR B I

QYIR/ME—T g5 (B3R WRE L. Tl XL Kl e R |
EH .

(4) 35 S/ R 25 S R L A TR/ M BB B A N . AL R, DA RS /Y (B
BE. WIREL. IEWXHL. RHFES) T efaett.

GOYEG A L TR RIEE R - R A i S AP B, aniddgssim. RIS, HuEshm
AT AR ISR, BB/ E AT . K.

1.5 3§

1.5.1 Hsu #1 Jeng 7€ 1994 FERHHDIFRR T E

Hsuand Jeng (1994) £15%F47HE3 (Progressive wave) 71 F %5 SEof I IR AL F& I S5 20 103
PRI F3 AT FLI I 0204k, 25 T 07 BARH A% B P & A AT Al R FssiCAS A& AR H I | Hsu
and Jeng (1994) Friitiid KIX —P R A2, 1530 1 A [F V02 1 i R N B ) F0FLRG s ) e 25018 A «
K FssiCAS HIBUE AR AARIT MEREAT T XFEL, RIAEEHY FssiCAS BAMRIFH). & NIk
TP

0[] .‘I 0.2 0.3 0.4 0.5 0.6 07 0.8 0.9 0[] Cll.‘l Di2 OI_B Di4 Cli5 016 Ui? CII.B Uig 1
” ]
5 2 8 L
h G0 )na/ Py 860 _
& © 2o pmaxfpﬂ
o (+]
—10F [+
o
T=10s, H=2.0m, d=20m 5 o
k=10~ = f
Sr=10'1]r°|':}cS 7 ﬁ -151 o N (U’z}maxfpﬂ
Tl I i
nt(]‘g Nim", u=1/3 8 [G’y)max'fpo T=10s, H=2.0m, d=20m
_' k=10"°mis
-20F Sr=957% .
O  PORO-WSSI3D () m/Po S:[;g Nime, v=1/3
- - Hsu and Jeng (1994) ’
1 25 0 PORO-WSSI 3D
- = Hsu and Jeng (1994)
-30




T=10s, H=2.0m, d=20m £
k=10"*mis =
Sr=100% 1 £-157
G=10"N/m? u=1/3 =
n=0.3

= = = = Hsuand Jeng (1994)

20
o PORO-WSSI3D

-30

-25g

0.7 08 09 1

/__,.-{G‘Z} maxjpD |

T=10s, H=2.0m, d=20m
k=10"*m/s

Sr=98%

G=10"N/m®, p=1/3
n=0.3

Q PORO-WSSI 3D
= === Hsu and Jeng (1984)

K] 1-3 FssiCAS FEUE AT Hsu and Jeng $2 H A ARAT A A 06) L &

1.5.2 1THER FAME[EI & 5208 BOR SR KA RIS (Lu, 2005)

KVDHE T KZM) Lu (2005) &FXH4THER (Progressive wave) FIE 435%% (Cnoidal wave)
FEF B3 S M PR _EAL 3B S EUGHE R B ) AFLIRIE AR i, TP 7 KA, KA A
HEBIP) 4 A FLBRE 7745 BRI S0 PR N 3K R 05 VR BN AS M B . SR FssiCAS A 8 S 31
1 Lu(2005) BT Je I B /K Ak 62 » 73 BIBGR AL R AR D PR Y FLIBRUS 70 B BB A ; FFH FssiCAS
PIEE A Lu (2005) RIGEE RFATX I, KIS FssiCAS HAT MU IR PRI T 52 14

—

w0 —

Cement

0.2m

CemerN

K 1-4 Lu (2005) FF R 7K A 0 1) e B 1A
Table 1-2 Lu (2005) JF Ji& /K AERI6 IS IR S BRI IR B S 4L

Medium H d T G v k n dsg Sr
(cm) (m) (s) (N/m?) m/s (mm)
Wave 140 04 14
sand bed 1.0x 107 03 1.0x1073 03893 044 0098
Wave 120 03 20
sand bed 1.0x 107 03 1.0x107° 03893 044 0098

-10-



1000

400
200

p (pa)
=
p (pa)

—200
400
J

1000

400
200

p (pa)
p (pa)

—200F
—400

400
2001

p (pa)
p (pa)

_o00f W9
400 .
)

400
200

g g
= 200t a
025 135 135 14 145 15 155 16 165 17 11 12 3 " s 16 17
Time (s) Time (s)
(a) 17HEsE (b) MR R %W

K] 1-5 FssiCAS THREIFLEEE M A Lu (2005) 190045 15 BE

1.5.3 Cheng and Detournay (1988)f#4f 2581

Cheng and Detournay (1988) & & HI At fig (1) 77 2U% Mandel-Cryer 2N T RE T IR AW T il
i B R AN ] 1-7 s AR b b TR R AR I IN 1 3 S A AT L, HONANIE K
WF B A FONHPKE R, HERSAHE. BRI RS A B & ) EPE ) 58 4T
AP LR R, S H K 1-7 o, g2 A% 85 /1. Cheng and Detournay
(1988) ML KA AEMT B J7 k4 Y T FLIBA ) PN 38 B LB 0 FAD g i «

(] . 2
2 sin a. Cos a: B 2ot
plx.1) = 2FB( +v) > el i S cos a;) exp(— i ? ) (1-11)
3a & a; —sing; cos a; a a2
¢ =
allcri = I L‘fti ( ]-_ 1:2 )

K v Fly, = 222 gk RIAHEARALL, B = %% Skenpton R%r, HHFFLEEA R M2

3—aB(1-2v)

-1
SEAMANN, FTLL BAHEEE 1.0. Ky = 1+ 2v/3 + a? MERHK AR, M= |-+ “‘"] v

==+ %
Biot &, n @M BHLEE, a=1- I;—:x‘% Biot 2%, K fKMABIRE, K2 fLEA R
MBI &, Kr2 fLREARH I SR AR R, ¢, = ‘ ST /Oy 2 AWINIL

p(M~1+a2(A+2v)~1)
B, A= e H= 6 = g RN, Srf a il b RAVERR TR I, 2F
v)(1-2v) 2(1+v)

AT BN RIPTINM & 7, ap G=1,2,3,...0 ZIE&METTRE (1-1D Wi, 7JRCRHEAR
JiiER

K F FssiCAS A E I 1-7 Fios Pt fE, 45 Bt tbin & 1-8 Aizn. M FssiCAS B AF11
BB SE RAAENT iR as R [ —2 kG, K FssiCAS A B AW & 1 5k
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Parameters used in the verification computation adopting Mandel's solution.

Parameters Value Parameter Value

= & E (MPa) 100 a 1.0

A E v 0.25 n 0.375

3 2, 0.5 a (m) 20

& T 4 (MPa) 40 b (m) 10

= = 4or G (MPa) 40 F (kN) 200
k (m/s) 10 x 1073 K, (MPa) 1.0 x 10°
B 0.9996 K, (MPa) 224 % 10°

K 1-6 Cheng and Detournay (1988) 1] i b4 FHL A U FIAH 5¢ K1 S50

1.2 —
: FSSI-CAS 2D
1 o o Cheng and Detournay (1988) |
Sl A |
X - o IN, e
2 NG pomnt
Zosl  \_ ]
L : .
(=
L 041 1
=}
[aW
0.2} o
Point C
0 : ‘ X : : i
0.02 0.1 1 3

tC / a’
Vv

1-7 FssiCAS #A4-H)iHH 45 5 5 Cheng and Detournay (1988) HIf#HT 45 5 A XS Lt
SR

[1] Cheng, A.H.D., Detournay, E., 1988. A direct boundary element method for plane strain poroelasticity.
Int. J. Numer. Anal. Methods Geomech. 12, 551-572.

1.5.4 BEK ST (Tsai and Lee, 1995)

Tsai and Lee (1995) %156 e 5 B35 751 B 3% S M IR A% FR 6 3 BP0 PR B ) AL B s 7
KR, JFRE T KR RES; s H e KR — (R FH HEA S B LIG 8 KA S5 — D PR AR S Ji%
B PR, DU NSRRI B 3 o R RS 5 N FLBRE T8 8 (FEAR
TR, UL K J5 1) 6 A FLBE I 348 I8 U & 0 PR PN 358 7K R 77 06F B % R 8 25 1 )87 o K FH| FssiCAS
AR E T Tsaiand Lee (1995) FiF @RI H K AEIRIG, 758 IRAEFR R rh b AR P FLBR &
FJIIBUE MR FE FssiCAS [IEE AR Tsai and Lee (1995) iREGLEHHEATHEL, R IFE & KA
FssiCAS H A 1Rt ) i P A m FE 4
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B e ity

Wave maker

1-8 Tsai and Lee (1995) JFf& 7K k56 it ic & &
Table 1-3 Tsai and Lee (1995) FFREHI7KFERIG I IR S BN IR J& S8

Medium H d T G % k n dsg Sr
\ 9
(cm) (m) (s) (N/m’) m/s (mm)
Wave 51 045 15
sand bed 264%x 107 03 12x107% 038  0.187 0.98
—_ 500 soem ° i i o
E o 2
n_ o 1 1 a 1 1 e q
500 145 15 15‘:5 16 16.5 7
= o Z=40cm I I I I I
% UM
3007 125 5 155 16 165 17
) z=30cm
& o oo™ Tt o a0t Tug
300 145 15 155 16 165 17
. 2{”} z=2mm T T T T T
% 95 o o o ©
200 1 | 1 1 1
14 14.5 15 155 18 16.5 17
2{H} T T T T T
E_ z=10cm 5 5
a S o]
200 TaE 5 155 n 165 17
Time (s)

(a) 5B FNIMERANS
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— k=0 —
m
E oo S g
a =1=]=12] o0 o
_300 1 1 1 1 L
14 145 15 15.5 16 16.5 17
300 T T T T T
= k=017 —
g 5 g
a ooooo 000 o
_300 1 1 1 1 L
14 14.5 15 15.5 16 16.5 17
30 T T T T T
—_ koe=0.2n .
8 o g
= O550000 000002 a
_300 . . . . . _i50 L L L 1 L
14 145 15 15.5 16 16.5 17 14 145 15 155 16 16.5 17
Time (s) Time (s)

(b) i 6 MEEES XL
& 1-9 FssiCAS 5 1 FLEZUE AR AT Tsai and Lee (1995) Fr) I {8 R %t L I

1.5.5 KTBARKE (Mizutani et al., 1998)

H A% Mizutani et al. (1998) 1% 1w i PR 858 i JR v ol 0 7 - L 25 SEoU PRI IR EROK R
By deix— T, JFRE T /KRG, B 70 R AN AT 55 U 3 N SR FLBR A 24 A i3 rp 7E K
FE— 0 SR FH 4 B YR LI 38 , T8 KRS 55— 0 5 B O TR W e 1, ) DA 3 i N S 98 0 7R i 38 S B
RIS R a, b, ¢, d UNBEAGEREHARL, fERPIRFMA B MR A, B, C,
D PUA e 74 Bt Wl &2 3 YR 5 B FLBRUE /0 B8 A A . SR FssiCAS # &Y HHL T Mizutani
etal. (1998) AT JERIYIHE/KFERIE, 18RRI T /K By F2 b IR NI B g . FL
B ST BB 35K FssiCAS FRIBUE AN Mizutani et al. (1998) 3645 Bk Tx b, K IAES
1 FssiCAS B A TR U BHEmf M A0 m] S

a
J

Wav e maker

X ETEEl
o R

H5.5 42 1415 EH 5.5

i
L

FLELL

1-10 Mizutani et al. (1998) FF & F 7K #1256 i) e & &
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Table 1-4 Mizutani et al. (1998) FFJ& F/K ARG B IR S B IR S 4

Medium H d T G v k n dsg Sr
(cm) (m) (s) (N/m?) m/s (mm)
Wave 30 03 14
sand bed 50x 108 033 22x107° 03 1.0 0.99
Breakwater 1.0x 10" 024 18x10°" 033 30 099

n'H

n/H

n/H
o
v

nW/H

8 85 9 95 10 10.5 11 11.5 12
Time (s)

(a) WL RRT L
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7 7.2 7.4 7.6 7.8 8 82 8.4
Time (s)

(b) FLF L So 45 Fxt b
B 1-11 FssiCAS 15 1415 H0{E i 1 Mizutani et al. (1998)  F I AR 0% EL &

1.5.6 E&FKIR (Mostafa et al., 1999)

H A% Mostafa et al. (1999) %1% 1 ifg PR 558 i v v o 0 70 1 B2 SRl R B R &
B — 1o, JFRE T /KA, B Uil IR AN & A Bl i 3 N SR LB T J1 A8 A A s a6 Hh 7E 7K
T — 0 SR FH A8 AR VRN LI 38 » 78 KRS 57— 05 B O TR MR e 18, P D3 e N S8 7 7O i 308 s A8
EM RIS H, BT UM ER, Sehr B AR IR BE & Re 0% @ 1 YA HERE B A B3
SEA . REGIEFEH R a, b, ¢, d VUM EAGE SR AR, FERD PR A A B2 R A,
B, C, D WA & JiA& B 2 i R T UM LRSS I ARl . R FssiCAS A BRI E I T
Mostafaetal. (1999) FrH &I E KR, 52IBIRMEE GRS EH IR . J8a b7k
SENFLRRE I BUE R F4% FssiCAS IEUE AN Mostafa et al. (1999) 3645 RFATXIEL, K
AR B FssiCAS HA R AT (IHERf M A AT S 44

b

5

.-Ts

H5.5 42 5 172 45,5

oy
>

< >

W

-
il

/M

&l 1-12 Mostafa et al. (1999) FF J& [ /K F# R 56 (1 fic B
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Table 1-5 Mostafa et al. (1999) FFJ& i) 7K FE i I0 iR VR S BORRD IR & P 2 450

Medium H d T G v k n dsp Sr
(cm) (m) (s) (N/m?) m/s (mm)

Wave 30 03 14

sand bed 50x 108 033 22x107° 03 1.0 0.99

Breakwater 1.0x 10° 024 1.8x107" 033 30 0.99

1.5 T T T T T T T T

0.75F 2 1
I
E [}_ [+] i

-0.75F .

09 o

_29 95 10 105 11 115 12 125 13 135

Time (s)
(a) XIAIRFEL

1 A T T T T T T T

plyH
& o
oo o,

Yo 10.5 11 11.5 12 12.5 13 13.5 14
Time (s)

(b) FLERJE 1%t EE
& 1-13 FssiCAS 5 1 FLE B MEAT Mostafa et al. (1999)  FJ3 AR ) %5t B &
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1.5.7 BiOHLKFEIRIE (Sassa & Sekiguchi, 1999)

H A %234 Sassa & Sekiguchi (1999) & & T B O LRSS T 8 1 /KA I8 % 7 1 13X 56 A
i, HAERE T RERIR, WERIRNPEIRS) IR, 3565 AL IS 50g,
K HP R RECR 2K 50 5 B S AUK, PARIERD IR P& msh AR URE B . 306
Wb Ry [ —Fh bR ERD Leighton Buzzard sand (British Standard sieve 100/170), b PR AH X %5 51
% Dr=42%, HTiR5% b & —Mbrderd, H 722 @S E0 i e ; &S HC/KIE 9em,
Weimr 3.2cm, FAIA 0.09s. KA FssiCAS # &R PZI LAY E I | Sassa & Sekiguchi
(1999) BT I J& 1 B Co ML /K ARG, 15 2 B CoML N B VR AR R IR o b R P FL B 77 R BB A 5
F5#4 FssiCAS IEE f# AN Sassa & Sekiguchi( 1999 )IRE 45 B HEAT K EL, K IHE &1 FssiCAS
HLA R AT (R HER I A AT S

During spinning Central  __
shaft—y !
’(Wave tank _c Rotating arm :
Wy O
Light
Iy
]
Mi pd '
irrar CCD camera! _
Swing up "
E
Platform Before spinning -
TWave
: E
v‘[ > el
7 . Y e £
o e
P B =
Iy Q E
e L] =)
- ~ |2
A -
g Saturated sandy bed :
Fd . .
bl 5 v Y
/I//////////f////////.//’//////l\ -
| |

100mm

1-14 Sassa & Sekiguchi (1999) JF & 1 &5 CoHL/K AR L6 1 e 2 P
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Table 1-6 Sassa & Sekiguchi (1999) F J& 1) B Lo LK AE 1R 58 b IR (1) J8 1 S 54
A PZIN AR A5 70 25y

Parameter Value Unit
Koo 1517 [lePa]
Gesn 2100 [ lkPa ]
Pa 72.25 [kPa]
M, 0.7 -
M 0.46 -
it 0.m -
ity 0.m -
B 0.2 -
51 2.5 -
H; 700 [kPa]
Hinp 1000 [lePa]
Yu 6.0 _
You 4.0 —
Poisson's ratio () 0.3 -
Relative density (D) 42 [%]
Porosity (n) 0.445 -
Permeability (k) 1.5 % 10~ [myfs]
Saturation (5] 100 %]
1D T T T T T T T
z=0m pD=5.DkPa
E or .||| |||-|||| |||.||||-||| |||.-||| |||.-||| |||.||||-||| '||"|F
EF
@
E O ey e = e =y e et s e e g e e e et g e = et = e e = v e i
[}
ﬂE_ -5t R A A L L T A e
Present model = = = Expenmental data (Sassa =t al. (12989])
_‘l:l L L L L L L L
0 S50 100 1350 200 250 300 350 400
Time {=)
EI\- 3':' T T T T T T T
'5'5 z=-0.5m
a5 20t -
= )
@ Present model = = = Experimental data (Sassa et al. (1988))
@
a2 10r .
o il Lapgnliaguiil [RERTTRN] VARARLLLREbLiigii Il RN ELR I
2 TRt A Er it A RENT AR R RRILR REA AR RN BEALR RTA R RATAA RRNIARER Y LI
o 0= i
g fl PIVRRRFRRRRTH R} Vi (AR} I [} ] (AR I 4] AR LLLAY
Ij _‘l:l L L L L L L L
0 S50 100 1350 200 250 300 350 400
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w30 T
"3"5- z=-0.5m
g 20t -
= )
@ Present model = = = Experimental data (Sassa et al. (1820))
@
a 10f T
i " T e T T T T T T e e e e e e e e e
ot 1T A T Lt e | L i A LT LRt ol o ot £ Nl L LR AL
] — 4
g \ | Pl [ I il L] LR RLEY (] I 1 [} I |
3 _mﬂ 50 100 150 200 250 300 350 400
Time (s)
:--\u- 4':' T T T T T T T
?‘; z=-2.0m
o 30F ) - 7
E — Present model = = = Expenmental data (Sassa et al. (1888))
g ml ot MMMt B A
i o |-|I'"IllllluI.lljl.:"lillru:l-l-u||"""'""""'"""|'|I-lI|"'-I|"-|'II|I|-|"||L
||II.- |'J"I_I g
g ofF—4RHmT .
& i
Ij -10 ] 1 1 ] 1 1 ]
0 =0 100 150 200 250 300 350 400
Time (=)
E El:l 1 I I 1 I I 1
& z7=—4.55m
g 40r o oy o o
n I"1III II,-l"-'ll'llll"" Lel 1 s i Lkl
L il e
E .-I"'I": |'III
a 20k . |"I|-','|'I""I _
E il il 'IIL:. "ﬂ
|I
3 1] S b J
ot — Present model = = = Experimental data (Sassa et al. (15988))
Ij -70 ] ] ] ] ] ] ]
a 50 100 150 200 250 300 350 400

Time {s)

&l 1-15 FssiCAS 5 i FLE 0 Al Sassa & Sekiguchi (1999) (1) & A %} EL K]

1.5.8 BEREZ/KIESIS (Tehetal. , 2003)

L [ S K223 Teh et al. (2003)55F N B 5 i 4 (193 YR 311 77 B2 ] U F 17 8 YR K A
5. RGO —IRELMEBE AWK Eo KK 50 K, 75 1.0 Kk, BLAERN 75mm, KT
WS HONKIR 0.75 2K, B 9.5cm, B 1.25s. WABRD R 1% 25 f% % Chan AH C 1 Dunn
2 N 2006 R BRI CT IS E. KH FssiCAS #EEGHAAN PZIN AR E I T Teh et al.
(2003) BT T J& 1 i R/ 2K AR, 75 B RIR AL PRI A2 FP D IR N FLBR s 1 B BUE AR s 7% FssiCAS
FIBUEARA Teh et al. (2003) KRG L5 FFATHEL, RIGESHA FssiCAS B AT BT 1 wERfy 4 A m]

ET
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1-16 Teh et al. (2003)JF & [ 7K A8 1056 (1) e & K]
Table 1-7 Teh et al. (2003)FF J& FI /K FERLS /0 PR (1) J@ P S 50 PZINT A BT 24

Parameter Value Unit
Koo 3000 [KkPa]
Koso 1500 [lcPa]
o 10 [kPa]
M, 142 -

My 0.90 -

& 045 -

ag 045 -

B, 42 -

A 02 -

H, 1050 -
Huo 4000 [KkPa]
Yu 20 -
Yo 40 -
Poisson's ratio (¢) 03 -
Permeability (k) 255 107" [m/fs]

Saturation (5,) 95 [#]
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Teh (200

'~~wummlmwmnmuv I \mw

30
Time (s)

T
—— T C Teh (2003)

pone pressrue (pa)
=] - [=F]
(== = [

ﬂl[l

n»l“l\
| W“ WWW !\ I i/\l U'u/\l Ll m }U

pore pressrue (pa)
E iy

—-—r:

il r\} h wuw hr\rn il r"H' I
; WMWWM *.'Jt”, I i .7 Jl1 M "inl"n'n"ah

L H"

thiwﬂ 4

1
100




. : . .
z=0.065m — FSSI-CAS 2D —— T C Teh (2003)
_ 2000 . . " o
& oA S HMWT‘W"'I”
8 1so0f ...W';l,]",l,'."Jn'a'.'nJ\'-'H1'!1£L}}!~i5‘rﬁli"ufwlw R
2 [ e
: |I|"Jf|.lIl y Wil ﬁ,n.l'u‘."'ﬁ' .
S 10001 A i
E " :'-'.l"-""l'l‘ '
a SDD i il 'l."':;"l.ll.‘:H':an N
e
D ._-,wxm'lﬂ.ﬁ VU . . | | 1
Time (=)

K] 1-17 FssiCAS 5B KIFLIEEEE AN The et al. (2003)  FY & FE %} B 1K
1.59 FELZMiER (Liuetal , 1999)

Liuetal. (1999) #HRFARLEEFLERE L FIEUT e 17— D St B . FARESLERA BN
BB R, AU E S B2 M RT3 252 B2 M 4t B 77 A . Liu etal. (1999)
62 B AL 35 WA LB AR Y BRSO R A — N34, e 22 AR T B K . iR T
SR, R BEAK AR I R, K R R G SR R AR ) U A s e A R], A e
B FEIEEIA N BRI AL B o R FssiCAS A GBI E I [ Liv et al. (1999) FrjTfEHIAELL
B, SRUKERERE A BB IR FssiCAS BRI A B AUE AR A Liu et al.

(1999) HRER A R AT XL, KINFE G FssiCAS 0T IEZR 112 I il R AG AT R AR M A0
AR

0.5 0.5

t=0.0s O Experimental Data =0.2s O Experimental Data
= Present Result = Present Result

- 04
£ £

3 503
> >
2 2
= =

Z 202
= —

0.1

0

0 0.2 04 0.6 0.8 0 0.2 04 0.6 0.8
Horizontal position(m) Horizontal position(m)

-23-



o
o

o

&

1=0.8s

O Experimental Data =2.0s O Experimental Data
Present Result = Present Result

04 04

Zo03 03
L 7]
& 5
= =

Z 0.2 202
~ _

0.1 01

% 0.2 0.4 0.6 0.8 0

" Horizontal position-(m) - 0 02 0.4 0.6 0.8

Horizontal position(m)

K] 1-18 FssiCAS 5 RV H A7 B BB AEA Liv etal. (1999) HRE 45 AT H

1.5.10 SBRELEREN MY

IR R Turcotte (1984)FFJ& T — ZR 41 B /KA SE UG 78 i i v 35 v Uo7 26 I YR 3
JIma R, RIGHCE WP 1-20 fios, — iR LR TR R IR 2 b, 23 1 e 1 B IR B
JIEIMER s TR 26 L3 5) 2% 8 ANFLIR T 77 4% B LA &2 A2 26 JA) Rl IR0 FL R DM o 56
Turcotte (1984)F| i 2 & WML HIE T 3 FiiR. KA FssiCAS B4 EIX — R 2, BT
MZH5) T3 1-8 . = MR N FssiCAS TR 45 55 Turcotte (1984) FR I8 45 5 1% e 4
Kl 1-21 frs; HEIAT W, FssiCAS #4 BA e m B a5 B

1-19 Turcotte (1984) B & I8 VR /K A 1R 36 i A 2R i
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% 1-8 Turcotte (1984) T T & 115 (R e & S e S 4

Parameters in the wave flume tests conducted by Turcotte (1984).

Parameters Value Unit

Sandy bed properties

Length 4.57 m
Depth 0.826 m
Density of particles 2700 kg/m?
Porosity 0.42 -
Permeability 1.1x 1.072 m/s
Young's modulus 0.64 MPa
Poisson’s ratio 0.33 -
Pipeline properties

Diameter 0.168 m
Buried depth 0.167 m
Wall thickness 0.01 m
Steel density 7850 kg/m®
Young’s modulus 200 GPa
Poisson’s ratio 0.35 -
Specific gravity (SG) 0.907 -

E=0.64MPa, v=0.33, k=1.1x10">m/s, n=0.42, E=0.64MP. 033, kel 1x10- ms. ne0.42.
—1/B= =0.64MPa, v=0.33, k=1.1x10""m/s, n=0.42,
K; 1/B=0.5MPa 90 Kf=1f|3=1.2MPz\

120

E=0.64MPa, v=0.33, k=1.1x1 07 m/s, n=0.42,
90

20 K =1/B=0.6MPa
7 1

150/ f L@ UN £ i 08
S\ 150/ /30 150/

0180 LA
FSSI-CAS 2D
O Turcotte (1984) B
A Cheng (1986) 7/

Pampihude Po -

. ——Fssi-cAs2D . :
210 . O Turcotte (1984) . 330 210
A Cheng (1986) :°

330 210 ——Fssi-casz2p /330
O Turcotte (1984)
A Cheng (1986)

270 270 270
H=5.24cm, T=0.9s, d=0.533m H=3.02em, T=2.3s, d=0.533m H=14.3cm, T=1.75s, d=0.533m

B 1-20 =FhI IR 26 1F R FssiCAS HIiHH 45 5 5 Turcotte (1984) 1R 36 45 1 xF bb (FLFRE JyiE{E
T 2% JE BE 1 0 A D

IR SCHR -

[1] Turcotte, B., 1984. Laboratory Evaluation of Wave Tank Parameters for Wave-Sediment Interaction.
Cornell University, August.

1.5.11 Nakai and Matsuoka (1986)R3z 35 34 3iF

Nakai and Matsuoka (1986)F & | — 21 % FHEK = Hl -+ T4, Mk H A Fujinomori K14 111
WA 15 ERE . UL FssiCAS A NITEAF &, SR B B IESIMEA, EIIX —F =
Bk . Fujinomori AP L IE SIM Y 1 1H 55 240 i Nakai and Matsuoka (1986)3& i, HAik
N WIEFLEREL 0.7, JARALL 0.3, IEH LT e-Inp 2L br R HIAIE N 0.08636, [AIFHLETE e-
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Inp 45 R HIRIZEN 0.01904, I FUIRAS LRI E N 1.4183, A5 1.0. FssiCAS BAFHIT
Hil5 45 1 5 Nakai and Matsuoka (1986) 13845 X L an &l 1-23 Frows M B 45 R AR 45
2RI E— B RE, £ FssiCAS B HA M= il 58k .

Axisymmetric {9 = 01— 03
line
I~
N\ ]
| q A
2 E e OB
£ A 74=196kPa
¥ Ei S5 i
= = S
T 3 s OA
3 AR p'=196kPa
S
——— el e e B e -
. 0 O (py=196kP ’
Fixed in vertical (p() =170 El) p

& 1-21 Nakai and Matsuoka (1986) ()& BHE 7K =Fli5e vl i 52 77 B J B ) #gA%

kY
1 3
}? o Testdata o Test data
¢ €, by FSSI-CAS 2D d ¢, by FSSI-CAS 2D
q 1
05:_ - - - by FSSI-CAS 2D 0.5 | —— by FSSI-CAS 2D

---------- e, by FSSI-CAS 2D evveneees € by FSSI-CAS 2D

¢, (%) OO e ®
9 6 -3 ; % 6 9 12 15 18-9 -6 -3 N 6 9 12 15 18
0.0.0.0.6 Gy 19 p e en s eeseenn. RS
CTUBEEE B R
s|e, (%) she, @) TR0m o0
(a) RJJ#%1% OA (b) N JJ#k4% OB

B 1-22 FssiCAS #AF 5 Bt 545 5 5 Nakai and Matsuoka (1986) 4R 56 45 X b

FHIRSLiR -

[1] Nakai, T., Matsuoka, H., 1986. A generalized elastoplastic constitutive model for clay in three
dimensional stresses. Soil Found. 26 (3), 81-98.s
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1.5.12 Terzaghi 2 B — 4 B L5 IR IL AVIEIE

T ) B HNE 223 Terzaghi B2aH T — A —4E LB S5 BIRE . S5 1E 2435 Wang (2000) £
IR FH— Y] 235 0] 75 9 FLRR R 7 R ] S5 TR 45 T — AN TE IORS 40 B AT A -

4 =0 1 -2m+1)%n%c,t . —(2m+1)nz
Ps(2,t) = —Pso Xm=0 577 EXP =, 5 Sin—— (1-11)
8L — 1 —(2m+1)%n?c,t 2m+1)nz
Wy(2,8) = Cmpso { (L +2) = H IS G eap ~ T cos PR b, (1-12)
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Table 2-2 (a) Soil model verification FHIZ%/ 44

Soil model
verification
(The Tool
Button)

2 HR X
Elastic L A Y

General Elastic

— R BRAPE AR AR (R 2 FE AR 5 ] T A %)

Bi-Modulus Elastic Egrse A Nl iR N A wit)
Mohr Coulomb LR FEAC AR 51
Modified Cambridge Soil B IESIM AR 1A
Pastor Zienkiewicz Mark PZITL A Hg T
I
Burgers Burgers I A8 544
Cyclic Mobility Zhang F B AL R
Constitutive Elastic_ Truss HAPEFT#T
Model Elastic Beam S ZE T
AR ‘ -
Elastic_Cable FPEZE BT
Elastic_Spring SR R BT
Elastic_Shell HAPESERIT
Elastic_Viscoelastic Fli P BT
Userdefined SoilModell
Userdefined SoilModel2
Userdefined SoilModel3 T RS
- (RZ W E 5 M)
Userdefined SoilModel4
Userdefined SoilModel5
Parameter M T 8B ARE S5
Parameters Number B A4
Fluid Density (kg/m?) AR R
Granular Density (kg/m?) ] A SR, 2% B
Void Ratio FLBR L
Initial Back Pressure (Pa) WIUE %77
Initial Confining Pressure (Pa) WILE & 77
Drained HK
Draining Type
UnDrained AHEK
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Table 2-3 (b) Soil model verification [ Z#(/4A

B4 P
Simulation Time (s) S TR
Interval for Time Steps (s) — AN [A] D A E) 2K
Time Step TR
Maximal Number of Iterations I RIEAC IR
History Plot Interval (s) iy L TR T D B ] [ B
Displacement (x> £l
Loading Type -
Stress ISk
Standard Triaxial _
. andard Triaxia = iy
Soil model Test
verification Constant p &P, fbK
The Tool —
(The Too Loadin Stress Path Constant 1 a5
Button) g N SRR %
q=0
Dynamic Loading | J#K o1 F1 63 J7 [ 134517 %5,
Load File TNEL o1 M1 o3 5 [ e BRI R SO
Stress Path Poimt A N A BAE p-q 2805 R ARARE
Stress Path Poimt B M B RUAE p-q 245 R H AL RE

DIl Path-Load DIl

gk — MR B SR AR

Working Path - Set Path

LS RAFAETA S
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Fssi Soil Model Verification

Project
Working Path...
DIl Path:

Time Step:

Specimen Size:

Set Path
Load DIL

[ |
[Step 1 IV]
Diameter (m): [0.07

Height (m):

=0 -0s !
Element: 1*1 ‘v

Solver

Solver Type: [Static M

Draining Type: [Drained ‘V]

Displacement Succeed: [Yes M

Material Parameters

Constitutive Model: [Elastic V] Parameter

Initial Stress Tensile: lYes V]
Succeed: [No v]
Fluid Density(kg/m?): [1000 |
Granular Density (kg/m?): ‘2700 \
Void Ratio: [0.3 |
Permeability: [le-5 |
Body Acceleration z:(m/s?) -9.81 \
Sub Time Step

Simulation Time (s): |100 ] Interval for Time Steps (s): [0.1 ‘
Maximal Number of Iterations: [10 | History Plot Interval (s):  [0.1 |
Loading

Initial Back Pressure (Pa): 0 |
Loading Type: [Sh'ess V]
Stress Path: [Standard Triaxial Test V]
Stress Path Point A: | | fo | Stress Path Point B: | | |

2-5 Soil Model Verification 7] &

Notel: PUF RN 742 T

4
>

4

<V
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@ Ajust Time Step i 1E] 25
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P Mg
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Node Coordinate T & AE R
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Table 2-6 (b) HALFE A L T HA 2 _ERIREED) REFZEH 41 70 A 1]
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Table 2-7 T HA 3 ERGED)REFHL A B AT X

Elbr P
cPUs 15t 1 A5 T b
Allocated Memory Size(MB) NN D WTF S 510G kb B
Project: |Unsaved Project v| SR AT TAE B s da T AT E H %

2.1.3 RS
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T4, Results S RYIHFEARE (WFHEE 2.2.1 F45), Model X3 T %1352 8 &% HA 44
A E & 2-8. Table 2-6 s .
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PreProcess
=1 LoadMesh
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Abaqus
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& Outer Boundary
Inner Boundary
= & Hydrodynamics
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25 Stokes Wave
= CFD
4 Material
“4 Solver
= (© Time Step
= Step 1
Sub_Step 1
=® Time History
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=- {u} Computation
W FsSI-w
® FSSI-NW
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Table 2-8 (a) HiALFE F i _F 1) Model X4 N ¥ IS BN 24345 K]

B R X
Load Mesh
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Elastic_Spring GRS T
Elastic_Shell HAPESERIT
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Userdefined SoilModel2
E X A
Userdefined SoilModel3 ( ;Ei'; i;ﬁifg )
Userdefined SoilModel4
Userdefined SoilModel5
51 BPEAHIIERY
Elastic ZRsf PEAMIEEMY,  Fir i i Z A& 5-4. Table 5-3 Fin.
Constitutive Model Parameters:
|/Youngs Modulus (Pa): | |
Poisson’s Ratio: | |
5-4 Elastic #ME A F 15184 51 [
Table 5-5 Elastic #14:A M58 B 75 19 2 54
AR P
Elastic Young’s Modulus (Pa) MIKELE (Pa)
(Constitutive Models) Poisson’s Ratio EEYN=@

52 —RGRMEARFER

General Elastic 27~ — UBVEAMBAL, 2R 147 s 2 M i S A OC, 1y HLS. 77 R0
FESRIELL L, T S8 5-8. Table 5-4 7K.
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— Constitutive Model Parameters:

Bulk Modulus KO (Pa):

Shear Modulus GO (Pa):

Mean Effective Confining Stress PO (Pa):
Maximum Stress Ratio:

Type of Variation for Bulk Modulus:
Type of Variation for Shear Modulus:

Coulomb Envelope and Tension Cutoff:

Linear

Linear

Unapplied

5-5 General Elastic — M5 P4 A b 1 84 51 P
Table 5-6 General Elastic — g5 P A M1 4Y By 75 1) 250

General Elastic
(Constitutive
Models)

LS P
Bulk Modulus (Pa) EFUE (Pa)
Shear Modulus (Pa) B & (Pa)

Mean Effective Confining Stress (Pa)

DN A AP RN B D) RS SR ) 1)
V194 R (Pa)

Maximum Stress Ratio

S IR S FN YA =
nmax=(q/p)max

Type of Variation for Bulk Modulus Linear 2t
IRARBR AR b Y Square Root TR
Type of Variation for Shear Modulus Linear et
B P AR b 2T Square Root Ty
) Unapplied AE e
Coulomb Envelope and Tension Cutoff
Pe b RAE AL Tyl Applied Cohesion(Pa)----P4 5 /7 (Pa)

5.3 EEREARNALIES
Bi-Modulus Elastic &/~ FEH A FPIAMER, NS EE 5-6. Table 5-5 Fis.
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— Constitutive Model Parameters:

Plasticity Inclusion:

Compressive Young's Modulus (Pa):

Compressive Poisson's Ratio:

Tensile Poisson's Ratio:

Cohesion (Pa):

Frictional Angle (°):

Tolerant Error:

|
|
Tensile Young's Modulus (Pa): |
|
|
|
|
Division Number of Strain: |

5-6 Bi-Modulus Elastic % [& i KA~ [A] f) A Fa 1 70 5 1 (K]
Table 5-7 Bi-Modulus Elastic 25 F&47 J& A [6] ) A ¥ 45 8 By 75 1 2 44

LS P
Elastic A
Model
SMP
Compress Young’s Modulus (Pa) JE 4% I 5 (Pa)
Compress Poisson’s Ratio FEAEAFA L
Bi-Modulus Elastic Traction Young’s Modulus (Pa) %2 5| A IR B (Pa)
(Constitutive Model) Traction Poisson’s Ratio Z= | e /N =4
Cohesive Forces (Pa) % 71(Pa)
Friction Angle ( °) FEEES( )
Permissible Error VIR 2
Division Number R s

5.4 BIRELARMIRE

Mohr Coulomb 7R F IR i AR RS, iZAERYSzfR BR80T, A5 T 4 FomEwEN, Br
EZSEE 5-7. Table 5-6 Fin.
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— Constitutive Model Parameters:

Young's Modulus (Pa): |

Poisson's Ratio: |

Work Hardening Modulus: |0

|
|
Uniaxial Yield Stress (Pa): | |
|
|

Frictional Angle: |

Yield Criterion: Tresca v

Tresca

- Von Mises

K 5-7 Mohr Coulomb Z& /R 2 A Ao A 84 FL 1] K]
Table 5-8 Mohr Coulomb ¥ /R £ A M4 Bt 75 ) 2 40

e X
Young’s Modulus (Pa) M KI5 & (Pa)
Poisson’s Ratio THIA L
Uniaxial Yield Stress (Pa) TR IR F58 2 5N 5 7T (Pa)
Work Hardening Modulus LA E BRI 0, BRI ERELL)
?é(())ltllrst(i:tz?il\(/)eml\t/)lo del) Frictional Angle W EEHE A
Tresca
Yield Criterion Von Mises
JeE FRAE Mohr Coulomb
Drucker Prager

5.5 fEESIHAIRE
Modified Cambridge Soil KRB IESIMAMBA, iS5 K 5-8. Table 5-7 7w

— Constitutive Model Parameters:

Poisson's Ratio:

Original Defination: e-Inp Yl

Critical State Line Slope:

Normal Consolidation Line Slope:

Rebound Line Slope:

|
l
|
|
|
l

Pre Consolidation Pressure:

K] 5-8 Modified Cambridge Soil 12 1E SI A< k) A 7Y 31 1

- 96 -



Table 5-9 Modified Cambridge Soil 15 1 S1/#f A< ¥4 4 84 fr 75 (1K) S 8k

R EP4
Poisson’s Ratio EEYN=@
Originial Defination Ine-Inp
Rl X oI

Critical Sate Line Slope

I AR LR R M £

Modified Cambridge Soil

Normal Consolidation Line Slope

I 1 435 2 PR R

(Constitutive Model)
Rebound Line Slope

(] 5L 2 PR R K

Pre Consolidation Pressure
T &5 )

Value o 1 81 465 9 R A8
OCR S 45 71 OCR #ffi &
From File | ZolA[E 45 s /) R B S 3k

5.6 PZII Z&#Jt=EI

Pastor Zienkiewicz Mark 111 A #4158 iy 75 1S $0 i &l 5-9. Table 5-8 fiias.

— Constitutive Model Parameters:

Mg: | | Mf:

ag: | | af:

Kevo (Pa): | | Geso (Pa): |

Bo: | | B1:

HO: | | HuO (Pa):

yu: | | yDM:

PO’ (Pa): | |

Variation Type:

’ Bulk and Shear Modulus Vary Linearly

5-9 Pastor Zienkiewicz Mark I11 A< ¥k 784 5L &
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Table 5-10 Pastor Zienkiewicz Mark 11 A f4 4 54 iy 35 (1115 5%

K EP4
M f I FEAR A 2R R 2
Mg 255/ N ME/Mg=Dr
of TENSH
og TENSH
Kevo (Pa) R (Pa)
Gevo (Pa) 3fERBIVI R (Pa)
BO TENSH
Pastor Zienkiewicz | P 1 RS H
HO PIhe Ik 2B AR B
(Constitutive Model) | 1,0 W] UG R R A
A TENSH
y DM TENSH
P°0 DB A B IR )P 20 R
Variation | Bulk and Shear Modulus Vary Linearly | &5 & F8Y P2 4 1210
Type-#&#1/ | Shear Modulus Vary Linearly BUPI a2 1t AR A
B UIREERY | Bulk Modulus Vary Linearly RR R AL
AR Bulk and Shear Modulus are Constant PR B A BY )% & e

5.7 Burgers At HY

Burgers A By 75 H RIS B E Frs

— Constitutive Model Parameters:

Type:

Young's Modulus (Pa):

Poisson's Ratio:

Kelvin Body Young's Modulus (Pa):
Kelvin Body n1:

Generalized Nonlinear Dashpot B:

Generalized Nonlinear Dashpot A:

Constitutive Equation

Burgers-Convergent

£=— + —

9, 2y

Ec E
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— Constitutive Model Parameters:

Type: Burgers-Non Convergent

Young's Modulus (Pa):

Kelvin Body Young's Modulus (Pa):

Kelvin Body n1:

Soft Body Element C:

l
|
Poisson's Ratio: ‘
|
|
|
Soft Body Element p: ‘

Constitutive Equation £ =

&
&1

(1—emt) 42 @9)

5-10 Burgers A< A4 152 8 7t 1f [
Table 5-11 Burgers A F4 1584 it 75 ) 244

2R EPd
Young’s Modulus (Pa) 1y KA 5 (Pa)
Poisson’s Ratio ELVN=M
Burgers Convergent Kelvin Body Young's Modulus(Pa) | F/R iR KA & (Pa)
it 6k Burgers coefficient of viscosity R E
Generalized Nonlinear Dashpot A | |~ XAFZitkiaz S8 A
Burgers Generalized Nonlinear Dashpot B 7RG MR A 24 B
Young’s Modulus (Pa) ¥y IR 5 (Pa)
Poisson’s Ratio ELVN=M
Burgers Non-Convergent | Kelvin Body Young's Modulus(Pa) | JF/R i KA (Pa)
ISR Burgers coefficient of viscosity Rtk &%
the soft body element C L/GUNESIve S8
the soft body element B BARR TS H B

5.8 HohiE IR AR A

CyclicMobility Zhang fEFENBEALILAL, ZAMIBAL P 102 B U 5-10. Table 5-9 fas.
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— Constitutive Model Parameters:

A

k|

Rf |

eref |

R* |
o |

K 5-11 CyclicMobility Zhang A< #4574 5 &
Table 5-12  CyclicMobility Zhang AR il 75 ) S 4L

ER s X

y) 1B B 55 2 1 R

K 2Ry ] 58 gt 2k P R
Re 15 SRS TR TTE 01/03
eref 1E 5 [l 45 FLBR b

v THFAEL

CyclicMobility Zhang m R[] 4 IR A 1 3 ek 2 3

a SERPRIRS B 3 ek 2 3
by & m e EAL S 2
1/Ro W46 [E 45 24

R WG &5 1124

¢o WG 7 PS4

5.9 Bounding Surface Dafalias(2004)Z = !

Bounding Surface Dafalias(2004) AH #8475 (1) 24 a1l 5-10. Table 5-9 Fix.
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— Constitutive Model Parameters:

pa: 101 | o |0968 |
e 0.934 G |
A 0019 | A l0.704 |
& |07 | g 35 |
Me [1.25 | zme |4 |
Me: |0.89 | G 6o |
m: (001 ke [0 |
Go: [125 | Pt o |
vi 005 | e l0.831 |
he: [7.05 |

5-12 Boundary Surface_Dafalias(2004)4<#4) 5 [ ]
Table 5-13 (a) Boundary Surface Dafalias(2004) 75 Z 1 5%

H R T X
P, RPN
ey GRS L P =0 BFFLBRLL
A I FOIR A L ) 26
3 eozeo—A(P/Pa)E
M, =R, p —q FRRT, TR LR
Bounding M, =HBiRE, p —q BhRRT, IEFRELR
Surface Dafalias(2004) m P e R T AR
Go B &
v ER VN
ho B ES
Ch B ES
n? B ES
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Table 5-14 (b) Boundary Surface Dafalias(2004) 75 %124

2y i GRS
Ao LLYiIS %V
Ng Bk %
Bounding Zmax HigZH
Surface Dafalias(2004) c, EN A
K, FLEUKRIAERISE GHEKTEOL T8 00
Pimauie SPEI LT e AR (N 0)
e I FLBR L

510 M ERIT
Elastic_ Truss /A HITC, Prif A Z 5 &l 5-11. Table 5-10 Fiox.

Constitutive Model Parameters:

Young's Modulus (Pa): | |

Poisson's Ratio: | |

Cross-Sectional Area (m?): | |

P 5-13 Elastic Truss A F4 45 FLH] &
Table 5-15 Elastic_ Truss A< f4J#& 5 fir 35 1) S 84

ZFK P
Young’s Modulus (Pa) M IRALE (Pa)
Elastic  Truss Poisson’s Ratio THFALL
Cross-Sectional Area(m?2) AU (m2)

5.11 SEMEEIT

Elastic Beam R/ I, Iras KA ZSE & 5-12. Table 5-11 7w
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— Constitutive Model Parameters:

Young's Modulus (Pa): | |

Poisson’s Ratio : | |

Cross-Sections Form: | Circular ']

r (mj: | |

5-14 Elastic Beam < #4578 Fi i ]
Table 5-16 Elastic Beam A #7H Fir 75 ) 24

K EPS
Young’s Modulus (Pa) M IKEiE (Pa)
Poisson’s Ratio ELVN=M
Orientation BT 52530
ARTAE
Rectangle a (m) K
TR A b (m) %
Ring r (m) Wi
Elastic Beam PP R (m) e
a (m) RIS
Crossgﬁegin};l Form Tube- b (m) W B
- TR A (m) CANS
B (m) Hh5E
b (m) FR
Ibeam d (m) JE AR B
TR t (m) B
h (m) R
Userdefined- H /& XA AR
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5.12 EMfEEgIT

Elastic_Cable F/n#EA I, s A ZSE & 5-13. Table 5-12 Fs.

Constitutive Model Parameters:

Young's Modulus (Pa): | |

Poisson’s Ratio : | |

Cross-Sectional D (m): | |

K 5-15 Elastic_Cable A4 458 5 1] 5]
Table 5-17 Elastic_Cable AR B 75 ) S 41

ES X
Young’s Modulus (Pa) BRI R (Pa)
Elastic Cable Poisson’s Ratio THFA L
Cross-Sectional Area(m2) A (m2)

5.13 BERT

Elastic_Spring ®/n3 0, RN AMNZSE WK 5-14. Table 5-13 Fizx.

Constitutive Model Parameters:
|7 Stiffness: ‘

] 5-16 Elastic_Spring 74 1% 75 FL T
Table 5-18 Elastic_Spring AMJ 5 iy 75 1S4

K

it
<

Elastic_Spring Stiffness PN K

5.14 4T EIT

Elastic_Shell /x#EFe o0, i KA SHUNE 5-15. Table 5-14 Fiw .
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Constitutive Model Parameters:

Young's Modulus (Pa): | |

Poisson's Ratio : | |

Thickness | |
P 5-17 Elastic_Shell AR5 77 Fit 1
Table 5-19 Elastic_Shell AR fT 75 (1) 2%
H R X
Young’s Modulus (Pa) BMIKELE (Pa)
Elastic_Shell Poisson’s Ratio THFA L
Thickness JBRE (m)

5.15 M MEIT

Elastic_Viscoelastic Z xR0, iR KA S8 5-15. Table 5-14 7w

— Constitutive Model Parameters:

Young's Modulus (Pa): |

Poisson's Ratio: |

olrt

Olpye

|
|
Density (kg/m®): |
|
|

R:

P 5-18 Elastic_Viscoelastic 74 7T
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Table 5-20 Elastic_Viscoelastic 4S#) T 75 5 11 2 5L

LS EPd

Young’s Modulus (Pa) BRI R (Pa)
Poisson’s Ratio TERA L
ot

Elastic_Shell oN
Density(kg/m?) EHE (kg/m?)
R
1

5.16 R BE X AR HtREY

UserDefined Constitutive Models 7~ H 7 H € AR, g2 0] HE X 5 FAMEA, 55
54 Userdefined SoilModell. Userdefined SoilModel2. Userdefined SoilModel3. Userdefined So
ilModel4. Userdefined SoilModel5. P Z%tn&l 5-16. Table 5-15 Fiis.

— Constitutive Model Parameters:

Length of GaussM | ‘

MNumber of Parameters({ < 35 ) | ‘

Value

B 5-19 Fl 7 B e AR R 5 1 14
Table 5-21 il 7 B 52 AR B il K1 250

B4 i P
Length of GaussM i s B S AR HAT A DG S 4L
User Defined Constitutive Model . - " "
seretine . o.ns Hutive viodess Number of Paramenters(<35) BN N AL TRt E S G R
(Constitutive Model)
Value HUH
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BT WEIKFN N

FERT ARSI _E Model HARSEHLA2 H (1) Hydrodynamics FH T8 52 v 580 Wifa) 2% & 7K 30 ) e

#, H No Coupled, Stokes Wave UL Sz CFD 45k, 41K 6-1 Fr7x. No Coupled, Stokes Wave, LA
L CFD (1135 X 41T Table 6-1 1,

Model Results

PreProcess
= LoadMesh
Gid
Abaqus
= Y LoadBackground
& Outer Boundary
= 2= Hydrodynamics
=x No Coupled
=5 Stokes Wave
& CFD

6-1 B AL A _ERPIRSE A~ Hydrodynamics
Table 6-1 No Coupled, Stokes Wave, Cobras Wave UL J& Apply Hydro File 155 X

EAS £
No Coupled RRAFH IR T
Stokes Wave TN INTFE v WA MR IR 77
CFD TR BN COLITH 5K Fluent. SPH 5{ OpenFOAM H {8 fift i 1 S 1

6.1 FEEBERS

No Coupled F/RANEEIIR T, WK 6-2 PR,
B [ERARBATE [EIRARTT i, BUAE /KB I, 13 No Coupled.

Fsi X
0 No Coupled?
Yes No
K] 6-2 No Coupled & I
6.2 A Stokes FRHTHRR IR

Stokes Wave 7~ K H Stokes Wave it i I IRIER 77, — M RIEH TP EBEIK, A
IR IRIEARSE T
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Table 6-2 Jiti Il Stokes Wave FIT s B P IR FEEA S5

HFR HAZH
Wave Period (s) BIRFEA (s)
Wave Height (m) Wi (m)
Wave Parameters -
Water Depth (m) K (m)
SWL Position (m) FRAS IR R AE AL bR R Z AR

E: KALREEBHRSKES X AAPRH X=0 m K.
Stokes Wave K7~ i G v Wi AT it IR VEFH 77, Stokes Wave A 8 Fh27Y, U] Table6-3.

6‘3 ﬁﬁﬂ——\‘o

Table 6-3 BRI AN T8 v A b A B VR AR Y A0 g S 2

FIRST-ORDER PROGRESSIVE WAVE —I AT
SECOND-ORDER PROGRESSIVE WAVE AT
THIRD-ORDER PROGRESSIVE WAVE =TI
( Current Velocity(m/s) ) RIE (m/s)
FIRST-ORDER STANDING WAVE — o
( XOFFSET (m)) R (AXERERO
Stokes Wave —

SECOND-ORDER STANDING WAVE TR
( XOFFSET (m)) R (AXERERO
CNOIDAL WAVE IR AR 5% % TR
(Modulus ) (&, —#%=>0.95)
RANDOM WAVE-JONSWAP o o

BAE LR
RANDOM WAVE-JONSWAP
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Coup\ed Way FSE; COUPIEd Way ? ><
— Stokes ™ Stokes
Wave Type: | tstWave Y] fnelis
_ 15t Wave
Wave Period (s) : ‘ | Wave Period (s) : 2nd Wave
] 3rd Wave & Current
Wave Height (m): | | Wave Height (m) : 15t STANDING WAVE
2nd STA...NG WAVE
Water Depth (m) : | | Water Depth (m) : CNOIDAL WAVE
N RANDOM...ONSWAP
SWL Position (m) : \ | SWL Position (m) : RANDOM WAVE-BM
oK 0K

K 6-3 Stokes Wave RJ 237 1) S 1] &

6.3 CFD
A CFD /] S AN B4 11T ) OpenFOAM. Fluent 8% SPH IR A,

Coupled Way -
Fs Coupled Way ? X
~ Load Files
CFD Solver: | OpenFOAM v zoad files
Path:  OpenFOAM
@ | | Path: Fluent
Load File Dualsphysics S
Delta t (s): | | Delta t (s): | |
& 6-4 CFD #1m K
Table 6-4 CFD FLH S & X
HFR P
CFD Solver A (OpenFOAM. Fluent B¢ SPH)
Path NN B PR S R B8 AR
Load File s BRI s iR A
Delta t(s) EIRAE FH 77 3T A4t H 4 B ] ) g
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H7E SKERSE KA, BHEE. BHIEME

7.1 KIERENA

TERTACEE A _E Model MRS HAZH1 1) Solver Hi Solver Setup, Time Step PA A Time History
ke, ik 7-1 Fros.

Solver
= @) Time Step
-1 Step 1
Sub_Step 1
-l Step 2

=@ Time History

K 7-1 AUACER S _E Model #IR 2 #8421 Solver A 20 A%
7.1.1 KRR EE

Solver Setup FL1H K 41P 7-2 Ft7n, Solver Setup Fi-MH 2 HA- 4411 Table 7-1 7N o

Solver Setup H 3 Flik+, 4350 Static, Consolidation, Dynamic.

Static K/~ 5B H]TCRAIERZ, Consolidation R~ L[ 45041 (S 1A —Fr SEH ),
Dynamic FREIA AT (5 R ZFr S EH O .

[ solver Setup X

Solver [ Static V} [ Drained 'l
— Parameters
Earthquake [ UserDefined V]
Rotation l Non-Rotation "]
Stiffness Matrix Symmetry l No V]

Iterative Convergence Criteria ‘001 ‘

Maximum Subdivision Number ‘100 ‘

Property Updation [ Non-Updated "]
Analysis Type 3D V]
Restart File Written Yes V]
Deformation to 0 in Restart File Yes V]
NBFGS 1 v

Sparse Solver Type Direct Sparse Solver (LU) V]

Parallel Method CPU OpenMP V]

l
l
[
Displacement Succeed [ Yes ']
l
[
[
\

CPU Parallel Threads 32 ‘

K 7-2 Solver Setup F+1Hi &
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Table 7-1 Solver Type Ft[H S5/ H

LK P
. Static A
P;;;:;;%w% gjt Consolidation iy
Solver Dynamic A
Pull-down list Drained AP
AR UnDrained AFEK
No Earthquake AN e E
Earthquake Sin(t) 1F 5% Hb 7= U
o Earthquake Library TN E PR R I
User Defined F P B € M 2
Rotation Non-Rotation AN JE e i
Jiek% Rotation EPrsydag
Iterative Convergence Criteria-- 71 mi ABFRKE, /NTIZEN S A— &
Maximum Subdivision Number-- W 4% iz KXl 4> H &=
Property Updation No-updated AN
R 5 Updated o
Solver
Setup 2D-Plane Stress i & ) A
Analysis type 2D-Plane Strain T AR
Analysis R 2D-Axial Symmetry YRR PR
Parameters 3D =4
Deformation to 0 in Restar Yes [EES
JA U AL RS MIAR TR 2 0% No ENEES
Direct Sparse Solver(LU) JERiN
Iterative Sparse Solver AW
Sparse Solver Type Preconditioner Based on | % T AN584s LUO 73 fi# i)
LUO AN
Preconditioner Based on T ATEA LUt -
LUt AL
CPU OponMP T O\peril\\/IP ft] CPU
Parallel Method HICRIEG
GPU CUDA T CUI?zj\ '] GPU JF
AT

CPU JATE ALK
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7.1.2 HER

7E Solver Setup F-Tii " Earthquake #iBertt, 1] LI FEARIIALAZ B )7 28 454 e MO
YO ERE A BRSO R WA/ 5 SO AL 4 Ay 28

Fs Solver Setup X
Solver [ Static 'l [ Drained Vl
— Parameters

Earthquake [ No Earthguake V]
Rotation [ Non-Rotation 'l
Stiffness Matrix Symmetry [ No ']
Iterative Convergence Criteria |D.[}1 |

Maximum Subdivision Number |100 |

Property Updation [ Non-Updated ']
Analysis Type [ 3D V]
Restart File Written [ Yes 'l
Deformation to 0 in Restart File [ Yas ']
Displacement Succeed [ Yes v]
NBFGS [ 1 v
Sparse Solver Type [ Direct Sparse Solver (LU) v]
Parallel Method [ CPU OpenMP v
CPU Parallel Threads 6 |

X Factor: Initial Time (s): Vs g Max:
Amplitude (X): I:I (m/s?) Time-a

le-7
&, Se-8
Period (X): ) g 0
= -5e-8
-le-7
PhaseAngIe(X):|:| © 0 10 20 30 40 50 60 70 80 90 10(

Time (s)

oy Factor: Initial Time (s): € g Max:
Amplitude (Y): I:I (m/s?) Time-a

%
perod [ ] B
eriod (Y) (s) S _5¢-8

0 10 20 30 40 50 60 70 80 90 10(

Phase Angle (Y): |:| © Time (s)
I 1 UJZ Factor: [1.0 Initial Time (s): |0.0 E‘ '] ,E‘ Max: «

Kl 7-3 B IR R ) S
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P Earthquake Libary ? X
- Seismic Lib o ~
=S EL 1% Factor: Initial Time (s): I:‘S If_‘ﬁ Manx:

B Ns Time-a
[ EW = le-7
- [F UD w -‘
= [ Japan3ti E 0‘
NS ® _le-7 . - ' , .
[ EW 0 20 40 ] 60 80 100
= UD Time (s)
=5 Jili
ﬁ NS [y Factor: Initial Time (s): I[S m Man:
- UD Le.7 Time-a
= [ WenChuan_Wolong Station o w
- [F UD E 0
D -1e- T - . . ,
— B NS 0 20 40 60 80 100
Time (s)
I [ — W
v W = v
7-4 T NFRARE FE v M 7= 1 S
Number of Data: Ox Factor: Initial Time (s): \$ g Max:
Frequency (Hz): Time-a
Unit Conversion (m/s?): — le-7
a, Se-8
0
=
%% 10 20 30 40 50 60 70 80 90 10C
Time (s)
Number of Data: 0Y Factor: Initial Time (s): Vs g Max:
Frequency (Hz): Time—a
Unit Conversion (m/s?): - ée'g
Nm e_
0
S
7% 10 20 30 40 50 60 70 80 90 10C
Time (s)
Number of Data: ‘ 0Z Factor: 1.0 Initial Time (s): |0.0 ’E‘ W ’E‘ Max: +

Kl 7-5 H E € bR ) 5

7.1.3 BHE)

Time Step A T 1% B 534725, Wl Table 7-2. K&l 7-6 fion. 1, Results Sequence F T 1% &
Hth g R a. ikl 7-7 FiR.
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Time Step ? X

Step | 1

— Parameter

Simulation Time (s)

Interval for Time Steps (s)

i

Updation for Coordinate Time (s)
Updation for Global Stiffness Matrix (s) I:I
Maximum Iterations 0

Restart File Step (s)

Output Time Step (s)

||

Results Output On Nodes
Results Sequence | Manage |
Results Format Binary

History Plot Interval (s)
a

B1 0.605
B2

il

Create Delete

& 7-6 Time Step Fitifi &l

Results Sequence

Physical Quantity Value
Coordinate

Displacement

Pore Pressure
Seepage Velocity 0
Seepage Force O
Stress
Strain O
Void Ratio
Acceleration O
Bending Moment L
Rotation Angle 0
Temperature

Saturation

7-7 A5 R B 5 i
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Table 7-2 Time Step 7t [ ZH 415047

Time Step

Parameter

HFR 4
Step I BT B
Simulation Time (s) JELT T

Interval for Time Steps (s)

IS TR 2 [

Updation for Coordinate (s)

S AL BRI 7] K

Updation for Global Stiffness Matrix (s)

FEHIT A1 52 R g ]

Maximum Iterations

IR RIEAIREL

Restart File Step (s)

S50 N TS SO BRI 1 )

Output Time Step (s)

% /b I 18]y — 45 RS

Results Format Binary i
GRS ASCII ASC T
Results Sequence e SR
Results Output Type On Gauss e ) v L R 2 R
ARSI 2T On Nodes LT R R i UE]
History Plot Interval e L ISR L R s 1] ) o
a
Bi
B2

E: LEFARRBEAT B HBERSAES, RZESEH;
2.EHRIERERERBER T BN HEERS AN, RIEREH;

3G HE R XA NBER T SR MEERS AR, R ml, BB, BFE
AR R S — K

4L R FH: > 0.5\ By =B, =0.5;

F P a] DU A A 2R S 1 B R TR 2 R EREE D RE L AL, RIS B 2 A Ta) D .

@ @ @ @ W % & B? B @ @ Step Step @ Excavation ﬁi @-

K 7-8 FALE S B A 2

- (O Time Step
= Step 1
Sub_Step 1

K 7-9 FEHT4G 5 L Model RS SA= I (] 20 A A —A
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PP s AR B S b T EA 2 A PRE T REFE LS, R A T O P Yes, B RTIER
2T A2

s Information *
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Soil & Wave Animation

Unit: Pa
Effective Stress X 2 44e+03
- -3.79e+04
25
20
E -7.33e+04
~N
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5
0 -1.09e+05
X (m)
1.44e+08

8-5 R e Ja— MHEZE N 20 19 X 5 AT RN 7T ox A 1B

1F J5 A PR 5L F Results IR B A2 B Distribution Plot H1[¥) Soil X1, /7 sy
Displacement, {F &AL S 1E B 77 1 THA= 2 28 =AM hisi &

= Displaci~||5
Dymic <] o = = b ¢ T, 7 T LR 2 b 5
il S AR 20, $EEEAE BROSEI R, BIATLE TR I R
ARSI 5 5 —ANEFE 288 20 1 X J7 A% Displacement X 73 W01 R
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Model Results

PostProcess
~ Open Result Files Unit: m

~ Load Initial Files Displacement X ISSSe—Wé

= Distribution

= Soil & Structures
L _ Displacement J
- Effective Stress
~~Strain

~Pore Pressure

- Seepage Force

- Void Ratio

“ Acceleration

= Liquefaction Potential
- Stress Based

- Pore Pressure Based
- Seepage Based
Structure

Gauss

OpenFOAM

&1 & History Plot

Soil History

2.2le-16

8.93e-17
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-4.27e-17

-~ Wave History
E ﬁ Animation
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~Wave Animation .1.75e-14
- Soil & Wave Animation
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Bl 8-6 SEAMIRZ e Ja — M TRIZE 0N 20 1 X 7 A% 734
8.3 x5 EIRTRY R X F @

FELR I AE R oA I, e AP 5t s A 00 P e 4 DX R - i 2 o P 9 LR AR Vs
R MIRSARTE o, A 45 ROCIF BEs RIESE AR . AR 2 25 00 A B Ja AL 28 57 i
AT AR X S B A 8-7 o, H AR Z 0 4340 Table 8-1 .

T
- - -~ ~
[” Display Option ] [) Liquefaction Potential ]
[] Distribution Rotation Angle v [ > Scalar Bar ]
Monitoring Point [V Axis ]
Solid Model Solid Mesh [] Display
Deformed Solid Mesh 0 Font Size [ —
Solid Vector [}
- [V Camera ]
Wave Model (] Wave Mesh []
STL Madel O Position
Wave Vector [ ] x: [0.01545 | ¥:[0.06 | z [0239384 |
Threshold of VOF s | Fre eI
X: [001545 | ¥:[0.06 | z[o
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X [0 Y: 1 Z |0
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>
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Table 8-1 £ £ il 7347 &I Jm A 2 57 T b g5 A 0 e 4 X 5 T 25 B0 44

e P
Distribution A
History Output AR TyAN N
Solid Model RS SR AR
Solid Mesh T T AR A%
Plot Deformed Solid Mesh PTG AU T i N
Vector PR TN [E] 553
Wave Model e R IR Y
Wave Mesh 5 RN BIR I A%
Axes ST T AR AR
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ScalarBar Max Value RKAE
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Scalable area for Deformation Amplification Bl Y ON
Distribution Plot Arrow Amplification LIPS ON A
(Post-Process) . . a MEIZE
Liquefacation (Pa) P
Potential
Lp AL F AR
Box TR 7 T A
Geometry
Hexahedra VAYITRLS
X Range X AAAREE
Clip Y Range Y AAFRETE
Z Range Z MBS
Rotation e
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Export Results Text i Hh 2 SR
Export
Export Results Figure R E
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8.4 Biizmhzk
8.4.1 LTiXBTIZEZERAAZ

BEN G EER B S, AERDIRSESRA I Results HFH P siili Soil History J&, il AR F 2
25 R 2 TR =K

FEJRACER S B A 2 AR S A M AR AR Full, BEA 2SI RE i 28 /5 AL B
By AT AR ESE Dynamic, #FAZNASHFE 2R 5 A H T EL
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Kl 8-8 JEAbHE G IE _EJ7 I TR 2 s TSRS AN AR D R4 A

BRIk Rl e A B S A MR AR 4 X, R {6145 X 2) 48 Show History Plot, £E T
PEIX i JUATASE Y b 2 B 22 4 R i E P AR 45 SR AN 75 R B e A B o
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Plot Node 1T
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€ &y~ Yxz)» FLHED, BIATTE TAEX W Hoo bRk 1 & M e RS A FE i £
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5 ORIk ml e AR B S A MR AR 4 X, 216145 X 1 /2) & Node No. , Jf7E Node No.
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Soil-Structures PostProcess

~  Time-History
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8.42 L LIRREEIF A AGEX A E

Tk Zirl| I S N S T = B T - L T e R 2 B 2 R N R R = R NS
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Plot Type Effective Stress X

Structure P T Seepage Force X
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OpenFOAM I Seepage Force
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Wave History N |
5 B3 Animation
Soil Animation
Wave Animation
' Soil & Wave Animation
A 6.71e-06
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Table 8-2 (a) TEZ | RN A2 B 5 A0 2R I L B 0] ) A 4 [X 5 Tl 2 800 40

B S P
Node: Show information of node TR S S
Element: Show information of element BREILER
Plot Node - - o
Gause: LR =t TRe)
Show History Plot I AR
Choose Plot No. N S
Node Coordinate N AR ARME (XY, 2)
Displacement X X Tl #
Displacement i/ ¥ Displacement Z Z Jilfi#
Displacement () Notel) *
Velocity X X J7 I} Id
Velocity i# & Velocity Z Z J7 AR
Velocity (J Note2) *
Scalable Acceleration X X 77 [l I
area for ) . . , .
Acceleration JJI13# & Acceleration Z Z 7Rk
Soil
Acceleration () Note3) *
History . N
Effective Stress X X J7 1A 3N g
Plot
Plot Type Effective Stress Z Z J5 A RS
(Post- P Stress M. /J : N
(Solid Effective Stress Y Z J7 R B8 7
Process)
History Plot Shear Stress XZ BN 7
Type) Strain X X 77 [f] A
Strain Z Z J5 [ N
Strain W 4% N
Strain Y Z J5 [ AR
Shear Strain XZ B D) RAR
Stress Based-1D FT 1D BN
Stress Based-3D HT 3D M AHEN
Stress Based- Lp 1D BT 1D N3 AAEN
Liquefaction Potential - —
Stress Based- Lp 3D FT 3D N JRALFAHEN
WALH (Noted) * .
Pore Pressure Based-Lp1D HT 1D fLEB AL
Pore Pressure Based- Lp3D HT 3D LA
Seepage Based BB T HE N
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Table 8-3 (b) 7E 2 il A4y 742 [ i J A 34 5 7 b de A 0] v 4 DX 5 1D 2 0 4

e EP
Plot Type Seepage Force X X A5k S
Scalabl Seepage Force .
catanie (Solid History i Seepage Force Z Z J7iBiE 7]
area for BIiET]
Plot Type) Seepage Force (I Note5) *
Soil
AutoControl H 3z
History Axis . o
B X Divisions X T [ AR bR 25 H
Plot A bl
(Post Y Divisions Y U7 [ AR AR 25 H
ost-
Export Export Results Text a5 SR o
Process)
LT, Export Results Figure LR e S
Notel: Displacement = \JuZ + u2, ux~ w 73HRR X FEF Z 5 EALHE;

Note2:

Note3:

Note4:

Velocity = [V%+ V%, Vx. Vz S3RIERR X H A Z 75 5 ;
Acceleration = ‘/Aﬁ + A%, Ax. Az 53RN X T A Z 75 F A ;

Stress Based-1D WALUENN oy = Lpoiicar

Stress Based-3D AL HEN A %l > Lperitical ;

Stress Based- LplD ﬁ'ﬂﬁfﬁ}‘]j‘]iﬁp = O—id = LPcritical 3

ol + ac

r

e 7L \ L
Stress Based-Lp3D AL#ENI A Lp = T+ ac i > Lpcritical 3
z0

PResidual

Torol + ac = Lperitical s

Pore Pressure Based-Lp 1D ¥AL#EN HLp =

PRresidual

Pore Pressure Based- Lp 3D RALAEN A Ly = T+ ac = LPeriical
z0

Seepage Based VRALHENIA 1. = Locriea (98)

Note5: Seepage Force= /Ff( + F2, Fxn F.3RR5R X TR Z J5 REBEN;
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8.5 ThiE|
8.5.1 TiAxEhE

HENJG AL PRI B, ERDIRSEHFEN Results F1fF Animation X, P Adi Soil
Animation J5, BIAJ22H#| &SRS N LRSS RS, FiET:

R AL B ST B A M AR 46 X, 724 45 X H 1) Soil Animation [X 33 B[] State Abi% ¢ Full,
HEN A 5 AL BT By 7 State 4b1EHE Dynamic, #EAZIZS3) ) f5 AL BB

TEARYE X H 1 Soil Animation X3 BIE R 5ERESIE, H P k8 N 56— AN TG BB [|) 25 i
e — R R SR 5 E Plot Type X3 Bk — AR B mzhm s R348, I
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& Ja SRR YE X A T Plot Type X3k B ) Movie, BPRILE & A 7R FEANRZS I 4417
B RS HBE; Plot Type X4 B f¥] Pause. Stop. Save 73 HER/RNE1E, KM, RF,

& i

File UserDefined Support
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PostProcess =0 |V = | —
Modee)
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:
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Font Size 13 Sl
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’V Animation ] "
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State: | Full

)

Type: |Disp|acement X

Start Time: |1
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[IMesh [] STL Module
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[viowe | [rome | [ som | [ 5o |

IV Zoom Factor ]

Deformation

Arrow

’V Scalar Bar
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Display Solid Bar
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Solid Bar Divisions:
Display Wave Bar
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Wave Max Value:

LS 1

Wave Bar Divisions:

| Apply ]
IV Axis ]
Display
Font Size |13 2] e —
IV Sectional View ]
Visible Name Type Option  Del
<

>
W

—/
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Table 8-4 (a) £ {3 i I J5 Ak B2 50 _E e A 000 PO 4eh 4 X 57 T 240 24

e EP
State Full 28
Solid . -
R Dynamic A&
Animation B— .
o Begin Step B ) 5 — AN TA] 22
AR — ‘
End Step B 1) f 5 — NI R R
Displacement X X J7 s
Displacement - :
X Displacement Z Z Jimhit%
hite
Displacement (J Notel)*
Velocity X X 77 ) g
Velocity .
X Velocity Z Z J7 I
I
Velocity (L Note2) *
Acceleration X X 77 A s
Scalable area Acceleration -
X Acceleration Z Z 77 N
For Soil i gz
Acceleration (], Note3) *
Animation
Plot Type Pore Pressure L
(Post-
(Solid Seepage Force X X T INBIE S
Process) o Seepage Force v
Animation o Seepage Force Z Z J7InBiE 7
BiET)
Plot Type) Seepage Force (J Note5) *
Effective Stress X X 77 A BN )
Stress Effective Stress Z Z J7 10 RN T
A} Effective Stress Y Z 7GRN )
Shear Stress XZ BIYIN )
Strain X X J7 ) B3
Strain Strain Z Z T3 [a) N AR
AR Strain Y Z J7 1A N AR
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Table 8-5 (b) £ il - AKZH Iy J b BH S L 5 A7 0] f 4o 44 [X 5 i 2 0/ 48

B P
Stress Based-1D FTF 1D N A HE N
Stress Based-3D FTF 3D N JjHEN]
Stress Based- Lp 1D FoT 1D N A )
Plot Type Liquefaction — —
Stress Based- Lp 3D HET 3D BT A A HEN
(Solid Liquefaction
. Pore Pressure Based- ) X
Animation Potential FF 1D FLIER AT AN
N LplD
Plot Type) TRAL
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orsot FPS 2 R
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(Post-
Autocontrol
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Clip Max Value I PNEN
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Solid Mesh R TN AR RS
Axes T SN AL bR Tl
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8.6 OpenFOAM
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K 8-17 ML OpenFOAM %5 e E ()25 3§
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File UserDefined Support

MEEOn Full v P v|[02 < => B @ Export Sequence Images Stop Export | CPUs Allocated Memory Size(MB) : Project: Unsaved Project v
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AutoControl EEEEGH
Axis X Divisions X 77 Al AL BR bR 254

Y Divisions

Y U5 [ ARl R 25 EL

Export i th

Export Results Text i b 2 R A
Export Results Figure R

146
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TR Bl I 5 A2 5 A U A (R X 5 P 8-22 frars, LA 2K 4R U0 Table 8-5 fir
N o

lV Animation l -
State: [ Full Vl
Type: [ p ']
Start Time: ‘0.2 |
End Time: 500 |

O Mesh [ STL Module

FPS: 4 [ = !

[viove | [ pame | [ sop | [ Sme |

lV Scalar Bar l

Automatic

Display Solid Bar

Solid Min Value:

|
Solid Max Value: | |
|

Solid Bar Divisions:

Display Wave Bar
Wave Min Value:

Wave Max Value: | |
Wave Bar Divisions: |

l Apply ]

v Axis l

Model Axis
Font Size 13 Sl ]
Display Axis Widget

Vv Sectional View

Visible Name Type Optio Delete

P 8-22 B IR B I I i Ak B 5 b g A 00 ) A6 4 X 5 T 4
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Table 8-7 £ pc iR 3 i ) A 2E b g5 A {0 (46 44 X 5t 10 2 0/

oy Al
X

A HK &
Full EEES
Sates
Wave Animation Dynamic s
IR B Begin Step AN E S
End Step ¢ Ja — M)
U S
alpha.water FHAT 4L
epsilon FERLE
Plot Type k THaNRE k
(Wave Animation Plot nut I R
Type) p JE 7
p_rgh SH %]
porosity IR
porosityIndex LB Z
Scalable area for Wave Movie JE ST
Animation Pause ERE
(Post-process) Stop gl
Save TRAT
FPS I B E
ScalarBar SRS
Autocontrol
Min Value w/ME
Max Value =N
Clip Modules Divisions Il b
BB Amplification TR AEHL
Solid Mesh FE T R AR A%
Axes 72 13 3 AL AR Al
Box TR 7 T A
Oeometry Hexahedra ZAYIIRLS
Value Range EACIEREA
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8.6.4 TIRFKREBhIE

[F) B I B AH [ 24 B 1) H AR AR TR &5 SRS, v AR il A S N Bh A I HAR R TR 1R 25 Fh g B
MBS BNE . EAPIRERAFN Results 1 Animation X3+, H /7 sidi Soil and Wave
Animation 5, RIJZxiil 25 Eish AR AR S P& RSB BASE, LW

mh 5 AL B S B A MR 46 X, FER4E X ) Soil and Wave Animation [X I H [ State
RbEFE Full, #ENE55) 5B B 1E State 4bi%+F Dynamic, #EAZhA3)H 5B EL .

TEH4E X H 1) Soil and Wave Animation [X 35 B % & 5¢ L AARFI IR FPIRES G, H P 4kS:% A
AR — AN TG A 8] 20 A i J5 — ™ 45 SRS R 20 DL A B TR 22 [R] B&, S TR I 26 — N TR AR I B
B 20 Al i Ja — ™ 445 SR B[R] 25 DL R B 1) 28 [R5 5

SR JE P AE Soil Animation Type X3k Bk 5 — AN Eax i zhiE i AR &5 R 280, HAE
Wave Animation Type [X 35 L6 $ — AN 75 L4 H 2 3 IR i 45 R 24

7E Range Value X3 H 1% B I IR S E 1 S KB s ME, TS E SORME R B/ ME, T
KIGE UL S HARA RS HD, miidi OK;

i Ja Rl Movie, BIRTEE & HH /s FeAN RS I AR R0 YR K 2

ERES
File UserDefined Support

[ omon ]

State: T
® Type: | Displacementx v
SSI Displacement X + alpha.water
1 edTime: [0 ]
CMesh  0)STL Module
FPS: 4 | —
[ vovie | [ pause J [ sop ][ sae |
[ zoom Factor |
60 D Factor ]
50 Arrow Factor [
" Arrow Number
E g - v Scalar Bar J
N -
20 Automatic
0 . . Solid Min Value: [
100 50 0 50 100 Solid Max Value: ]

X (m) Solid Bar Divisions
Display Wave Bar ]

Wave Min Value: [

Wave Max Value: [

Wave Bar Divisions:

™ |

Model Axis
Font Size 13 | a—

(Enter Command Here. v

B 8-23 2l A A NN A A MR K #5-Fh 45 R S B K & 3l 14 75 72

8.6.5 & LARFURIRIX S BhERT A R4EX
FEZ ] AR PRIR & B m i, e A S b S A O AR 4 DX AT P T4 A 0 i 5 Ff B 3

TE 25 1] AR IR e A 2y 1) ) i A 5 T b e Ao 0 A 4 X ST T 2 300 43 0 Table 8-6. Table
8-7 Firs o
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Table 8-8 (a) %l LA JIR IG5 20 1 A Jm A0 2 5 T A ) P e 246 (X 57 1D 2 80 4

LR P
Full 28
State ~
Dynamic ;A&
Begin Step A 5 — AN )22
Inc Step B s 8] A2 [ B
End Step B 1) I 5 — NI [R]E
Displacement X X 77 s
Displacement | Displacement Z Z Jifi#
Displacement ()i Notel)*
Velocity X X 77 ) g
Velocity Velocity Z Z J7 AR
Velocity () Note2) *
Acceleration X X 77 [l I
Scalable area : :
for Soil and Solid Wave Acceleration | Acceleration Z Z 77 [A) I
Wave Animation Acceleration (., Note3) *
Animation ) Pore Pressure L
Post-process) o vaes
( P Seepage Force X X J7niBiE 7
S e
cepage Seepage Force Z Z )7 iEiE
Force
Seepage Force (I Note5) *
Effective Stress X X Ji B RN
Effective Stress Z Z FT I E R T
Stress
Effective Stress Y Z F a7
Shear Stress XZ BIYIR)
Strain X X 77 A AR
Strain Z Z 77 A N AR
Strain -
Strain Y Z 77 A N AR
Shear Strain XZ BY) N AR
Void Ratio FLBR b
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Table 8-9 (b) %] - AR IR IR & Al i I Jim A28 5 1 A (0 6 46 4 X 57 T 25 0 24

B s X
Stress Based-1D FET 1D g HEN
Stress Based-3D BT 3D M AN
Scalable area R
for Soil and Solid Wave Liquefaction Stress Based- Lp 1D BT 1D RIS HEN
Wave Animation Liquefaction | Stress Based- Lp 3D BT 3D B Ak
Animation LAk Potential Pore Pressure Based-Lp1D | 2T 1D fLE R AL AN
(Post-process) . "
Pore Pressure Based- Lp3D | T 3D fL iR AL AN
Seepage Based B B3E TN

Table 8-6 (c) %l LA PIR IG5 20 1 i Jm A0 2 5 T A ) P e 24 (X 57 1o 2 80 48

Full EXUES
Sates
Dynamic A&
Begin Step H— AR
Inc Step ) 1] 5] 8] 22 [A] R
End Step B Ja — AN TR
U S
alpha.water AH
epsilon FEHLR
Scalable area N F—
s
for Soil and meTHe
Wave OpenFOAM nut TS SRR
o Wave Animation
Animation P E
Post-
( p_rgh SR
process)
porosity TR
porosityIndex fLERZ %
Movie TR BH|
Pause BT
Stop g
Save TRAE
FPS B R
ScalarBar RS
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Table 8-6 (d) %] - AR IR IR & Al I Jim A28 57 1 A (0] 6 46 4 DX 57 T 25 00 24

ES EPd
Autocontrol H a4z
Wave Min Value BIRZ KR /ME
Wave Max Value WIRZH mKE
Wave Bar Divisions BIRZHFR A3
Solid Min Value Ak /ME
Scalable area Solid Max Value RIS INE
for Soil and Setting Solid Bar Divisions TARSERLN A
An\itljll:tion Amplification L ON R
(Post- Wave Color Bar AT ERBIR B
process) Solid Color Bar e s TR B %
Solid Mesh ST TR AR A%
Wave Mesh T 13 NI TR A
Axes 7 13 7 AL AR Al
Box SIUPANTIREN
Oeometry Hexahedra VAYIIEES
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