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Fig.5-3-20 Snapshot at the time of collision in MPS simulation (t=2.96sec)
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72120, r o BEREEL, ¢ RSN E COREE 27 5.

MPS LR -85 COBFEITR FAUEE & L CER SN D, B0 IR -1 OfLE R~ L
& ZDWEDORIA | OALEAR T M BELEEZ HOWA(2-1-)D LD ITERSNLD. MPSIET
X2 DR B EN — B0 D KO ICHEMRMZ RN TND . L 72 5 —EEORL 3 L
T2 b= a Y OPDIZ TN H DRI CRL T EEEAZHAEL, v I=2b—va W
TIEZENEEVEET 5. ZOHIRIEBICH T DR T BE 2 n® & R0 U, FUER T I L5,

n, =ZerJ —ri|) (2-1-4)

j#i




L, N KL ORITEEE, o iR OMLESRY MV, rc JRLTONLESR S b, &
T5.

ARLETF MIRE-1-5) TERSND. 72720, RO (VTR FRHEEREF L Tho 2 L
ZRLTTEOOF G E LTS, AELET MIAD T —EHN L7 M ERNTLHEFTHY,
BT EAERET S Lo TR T OEAM S P L LTERS LTV D. £z, HARMK
ICE W EAMEFEER2EINTHDHOT, AT S2HMTY TEH->TWD.

<v@;>%§:[¢_ﬁ(n—n%@r{@ (2-1-5)

2
ji |rj — I’i|

2L, d o ERROUE, 4 i KL OB DA T — &, ¢ ¢ JRTObLOAN T —&, &
5.

T T T MEIRQ@-1-6) TERIND. £, MR BOEINE IR L —E S+
LI DT ERA Z2R(Q2-1-D & LTEALTWD., Z ONTEEITIUE & 72 Dk 3 L [F
RRICY R 2 b— 3 VORI T NENC H DR+ TR L, LI Z O Z e 5.

(v*e). = j: ;[(qu -~ ol =) (2-1-6)
Z|rj -, 2a)([rj —ri|)
A= Za)(lrj—rip (2-1-7)

j#

2L, a4 BETERE TS,




2-2 7Y X A
MPS V5T )T & R R &, 2 BRI iR < eyl CTh D . REMEE & A 1 BEIIREA K A 7
v P TOETEE L, EAHARES X OEGEORITEA K+l 27 » F ol cEHET 5 (FHU(2-2-1),
(2-2-2)).

|§§T20 (2-2-1)
(2-2-2)

R(2-2-2) TlEF 9, EHHEEHMMEHEZBGIICEET D, R(2-2-3) TR FOIRDOHEEAZFHE L,
R(2-2-4) TR F-DIRDNEZRD D, ZOHBEITEEL Kk 2T » FOME LA NTH RO THRA
THZ L TROOENS.

u =u* + Atfweu+ g (2-2-3)

- «
r =r°+Atu (2_2_4)

72720, u  IKORITFEENY L, o kAT v S TORIFEENRY ML, ¢ ARORLAF D
PLENRT Fb, ¢t kAT v T TORF-OMENRY bL, At @ ¥ a b—3 g VRRZAA, &3
5.

R@-2-INFHLFE T T T T U NEENDHDT, R(2-2-5)DF7 ST 7 v ET VA
WCORMHHEAZ T 5.

<V2d)>:< = j:o Z[(UT -u; )ﬂ’qr,- _ri|)] (2-2-5)

j#i

2L, U iR DK AT v T TORTEENY ML, Ul ROk AT v T TORLT R
JENRZ B, L5,

FEVETE & S FJIRO R 30 o 7o Bl T3U(2-2-6) TIR ORI E 25K 5. Z ORFR Tk
TN 2 KB T E TRV, URDIFEMIALZ BT 2 12 DI RO T AR DR H
JE 2 SRR FRUE RIS SO MEN D L. £ T, MR RO L AR DR B E D
K22 bn EBE, TRBMBESHDNSRFEEETHD. RIS OALE R L O
b AR B IS — B S E D BRI U2-2-8), K(2-2-9)D & 5 IS M, (EIEMENFHF S
DENDD.




=Y olr ) (2-2-6)

n’=n"=n"+n (2-2-7)
b=t +d (2-2-8)
o =h (2-2-9)

72720, 0 i KL OARDRLF G, n iR Dk +1 AT v T CORAFEEE, n @ikl

T OEIESNDRERAEEE, U i kK OKk+1 AT v T TORAEESY b, u ki
DARDRLARENZ Fb, Ul i R OBEIES D RERAHWERY hL, 1 i RO k+1 A
7 v T TORANENT b, 1 i K OIRORLFALENZ bb, 1 i K OEBIESh DN
TRIFANLENRY L ET 5.

BIESNDRERLHEIIENARIZ L > TELD 95 (H(2-2-10). FEmoRITHB W
TIEMEPER AR OE BARAFANTIRQ@-2-1DIC K - TER I N, WMIKOBEE LR TR EICEESET

EH(2-2-12)1272 5.

r__ At +1
“‘"7;VPK (2-2-10)
Dp
op V=0 (2-2-11)
1 Dn
v vuse (2-2-12)

2L, p,  EHEL R DWAREE, ' AEIEBRENY ML, on ORI TEEE, P k41 R
Ty T TOENETD.

K BEEOEEENIIEERERY LU IZk-TELD E L, K(2-2-12) K5Iz LT
HEf b3 5.

!

n .
A Fou=0 (2-2-13)

R(2-2-10)D L DI A & D K(2-2-1)NTRAT D L ENORT Vo FEXDOHK(2-2-14) 135
b, 77TV T U T A EANWS ER(2-2-1) DT (2-2-15)D X O 1B b TE 5. T
TRk +1 AT > T OREN R T D8 FRRADBEGEOND.

2 k+1__&n*_n0
VP = AP n° (2-2-14)




e :E:[ i _pea Qr _r|ﬂ (2-2-15)

ji

ZORESTEENEXEC-2-101 AL, H(2-2-9), f(2-2-9)f“ﬁ5ﬁ; DIEEF X ORI (L& D
BIEZITH. 727120, ENOARIC X DEERE OFEIZITEE L EMEOT-DIZR(2-1-5) 2 EIE
L7=RK(2-2-16)Z iV 5. ZZ TP IXH E’é’é\?{?iﬂ%ﬂm%@*@ﬂiﬁrﬁﬁk LTWs. K
(2-2-16)F L ORU(2-2- 1 DIF R 7 D3 ITHLE STV DA IR T 5.

a1 Pkl Pk+1
(VP) =—Z r)a'q —“|) (2-2-16)

= |r —r|
P=min(R,P). J= lialr —r])#0} (2-2-17)

Fig.2-2-1 \Z MPSIEICBIT A7 VI AL F L OE 7 —2R7.




Start Simulation

Input simulation condition

A

Input initial condition

Update particle velocity, position and pressre

Kk pk
Vi iR

Calculation particle motion and density

* ok

VN0 r;

S =rF A
N

Solving pressure poisson equation

* 0
Increment time step Vv2pkt = _ Po N —N

k+1—k A

> Implicit

Calculate pressure gradient and modification of

particle motion

- « At
rik+1=ri -H'i',VkA:Vi +V;=Vi __vpk+1

i Po _J
v

Output

v

False

Check of termination

End simulation

Fig.2-2-1 Simulation algorithm of the MPS method
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2-3 AE S WO REHAEEEE/LFE
A5 10101 MPS HEIC 1 2 ARl E O @R 2 ATz, IR S DI L OFiEE
WK ORI IO TR ORIFYENR I B35 2 L 278 LTz, RGSCTIIAR S 10100 F
BAEEAT L. LFICAE S 00D FiEE R
JRIADEHOAD T—BIFI KA DL O AN T —R LMoz AN TR(Q-3-1) L EFXTE
5.

¢=ﬂ+V%L@—E) (2-3-1)

FREL, ¢ iKTFOLDANT—R, 4 : JRTObLOALT—8, 1 i MFOME~R b

Syt PRFORIENRY WV, v RO DA D T — RO AR E 5.
DA RS T TR(2-3-1) 227 L R(2-3-2) 215 5.

V%Lﬁf¢ﬂ=%—ﬁ (2-3-2)
W0 28 DRI 6 R £ TOIREECER T LR(Q2-3-3) 215 5.

) ¢4
V"’“||.r__r||_ri| (2-3-3)

WAL DR F-70 S R % TOMERE TR T SN AALE N7 M2 0B HT
(2-3-)%H 5.

{V%Y(n_nq(”_n)—¢“_¢(”_“)

Sy e (2:3-4)

AT A LT R HOR(2-3-5) %15 5.

0,

Ir=r| v -

(I’ )](v¢IJ |) - (rj - I‘i)

Iry=x| |r, - (2-3-5)

M EAR R 2 B R BB R CE| S = L TR(2-3-6) 215 5. Koshizuka.et.al?lZ k- CT&E
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XMzl e T v (R(2-1-5), RXi(2-2-16)) TITKLTF-OHANRE TN K TH D ERE L
T2, AFLOFETY, KFONMB—HkTH 25E132-3-T) 0D KL 5 1T D AR H# )
DT Y TR & HEAATHIS Z# W THBLTE 5. AELOFEELZ OREE AT, H
AR ZERZLTND.

1 =@\l —T
o Ve (2-3-6)

~ (2-3-7)

X(2-8-6) DI LE D B AR DD T Y VT H 2 BT ARER(2-3-8) D L 9 ITRE 5.

1 i i\l
S e e B

Koshizuka.et.al2 D FiEIZLERABLOFHE 2 X MIT o VIV OHITH|Z RO 5 D TE L 7250,

ABLOFIEIIIEN AR T v o HRREZWNAE TR L VIXD0ICEHE 2 X M2, ZOFHERIX
TIRTHIET 2 X 2, =R T 3 X 3 OWTAIZ RO HTET TH D . Ajw L TIEEI DRI
ZOEREEA SN AR EET AV E NS, BERICIER(2-2-16) Do v 12R(2-3-9) TH )
AR EFHET 5. £2X02-2-16)0 L 9 ﬁ@ EMED T DIETIDEEIF TH7R 0.

(VP)" =] = 1 Qr —r|( r*)®(r;_r‘*) 1ia)ﬂr*—r*|\PiM_Pik+1 (r=r)
i n, '|r A A S W =] e = (2-3-9)
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h@S& B 5 HAREHE TR HEE (R(©2-4-1) ITXoTHESND. FHEAIHRAE
BT D3I B DRI K o TRHR S 7ok - B08 F n

D ARDRL TR, 5o HRERmEERK, LT 5.
DOFRE B 13 FBBT120.95 5 0.99 OREIOMERE W E SN TWAD. HHBEFmIZITEIICH L
TT 4 VI VEHERRNT 2 L9 ICRET D, £/, AHEER FOENMETEe & LCHEET

Fig.2-4-1 Image of free surface boundary detection in MPS method

BERT FUIALE 2 [ E L7 ) 23R D1 & JE ) 2 315 L2 VWRL - O EE THERL T %
PIIES) Z 515 DR ORI B0 FE 2 51 D BRISOMU (iR & PO/ k725 FE L e
LHHEEKRmTHD LRHESND Z L2l ThH D, BERL T O A A — V% Fig.2-4-2 1
wY. kT, JEHORT Y CIBRAOREATI A E N 2GR LAWK L TERrE L, 2O

MM bEr &I 5. £, IIAEROMOMME L AT NFE L RD L1275

-
. =

990000090990000000
.*....QQ.Q..Q..Q
OQOOQQOQOQQOQOO
CQC@Q¢QQQQCQCQQ,Q
00000000000 000

O : Fluid particle O ‘Pressure wall particle O ‘Dummy wall particle

Fig.2-4-2 Image of wall boundary in MPS method

ARE B EEAL, ENLLTT
HIVTHHEDTH S LHET D (Fig.2-4-1)

n; </, (2-4-1)
FEL, n, ;R A BRITREEE, N
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MPS LD IER SR O FB LT EIC 2FHO HFIER S L. aBXOEERIC L 0 &K T 5
FELHMARERZANCEET 5 FETH D, ATBROEERIZZOREIHEICEIY 77 v 7K,
T oTx =K, BERAMCRERD D, HEUEBIGIIME LRV IR 0 AR O ERE T 1) O B Sy
ML HI2ED., Lo TKEE TERBRDDHEA N REREDPEY THDHEEZDBND.
B A G & B IEISE R A RTEEE & U CHEBLIT S, WS RITEESE R E ) & Rl
B DR L E & FR LAWK OB EE TR L, ZOMFICER- AT v 7 CEREO#E
525 ZETEBT D, TADOHEREZFFOIEREE R O5E I IHIHINLE D &R H EREEZ 8 2 T
TR BT SR 38 8h U 7235 B S B b 1 O JE ) & 59 Dk 1 OB ARk 1 2 Bl L
1 k[ BB 72 i BE R - 2 R (Fig.2-4-3). /K ZE B FELIXENE 7 [0 Sl 4 5k 1
BERICEZ 50, b L IXHBREOEGMEE S 2, ST IR 236 55581320
S FE TR A EE AU R BT RS L o K AR BRIz T, Bl
Kz bOMNIGETASIE D Z ERFREICAR . TR TEE L WGICHRIEEZRASED Z L
T E DR AE TR ABE SRR R F 2N R WIGEITITER A TE R0, £, ERRIZE D
T & FRERICH BLR CIISRE T MO HE N —E TH D &5 2 B D D HERE T 0O 3
oy w2 S A MBI,

T OB A TR 5L R 7 2SR T BB 2 8 2 CREh L 72355 SR 1 ki1 Rk ok: + %
PR Ui sE b 2 1R BB -2 & CBI T % (Fig.2-44). 72721, w1 ki1
BB ORI 2 BRET 2 7200 TS BT AR R ORI - & TR O BEHHIC K 0 K55 O
BB LR S & Z LIS ATE TR Bk 2 RN AT s, T OLEa I EN
ZAL LT ULE D DR HEERED 1.2 005 1.5 SRREOR T 2BRETH LTI OBREEMZ 5 2
EMTE D, BIEEBMEE 225 X O AeHEBLG: I 2 (XS S RTHE O WAL OO E & =
Y= VL&D HERAHTHA D, MASELIBEORFIEY I 2 L— 3 Y ORI
Harta—F—0AEY RIZHERLTRBE, WAL LTOMNT 772 THZ EITED
EHTD.

EZAT, WIS L 2IEW TIELHABERIC L 2 ER HFETIIEL L LIRS EHIH T
B8, B RIS EUEEBROBROLE e ROV I a L—ra VELEL L0EAIC
IXTRABER & 2SI 5 EOIE ) BEHERN R . RO A2 GRS U, Pehic# bEL
TR AATA L TL 2GR E1TE A b ARG TSR AR TH L. EHEO LD
IR R A OW & 8 S LRI E A F U REERTITO LRVWA be— BREIZ2R 5. #HHE
Rl AR X EHR AT » T EBZ 256, SHRORNOAT v Tb% DR 2 LEE L
IRDRABER DT O BNHRNBENE WD Z LR D7EA59. JlEWEHSOFEROEL, A M
LIERRIC L » THET 2HAIIFHE RO P TORITPHIREE L b b2, FiHE M
S TWITEFRER ORI O T2 N TE, fRE L CGHRRHZERT 22 N TES.
LU E OB G ARG TIXIEA « iR 2 b SHE SRR 25T 2. Zh o —EO0E X
MPS {ERN OG22 3R CIT XL <, RSB FICE R A 7 v 7 CHEL 5 2 &R 1
DAL DAL 2 YD I L.
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Fig.2-4-3 Image of inflow boundary motion in MPS method
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Fig.2-4-4 Image of outflow boundary motion in MPS method
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2-5 BEERMDOET VAL
HRERITHR E L TET UET 5. IHEDOET MUITHBERDS OfFAS 139, HHS 72T
TW5. KX TITZE S 9OREKDOET Mba Bt L L, 3WITOET /MRIZBWTIEHEE S
DOFFERDET MMEE B BT 5.
TR ERER T DR RO R A iR X, JRIRRI & RERICIE S, frE~2 bV, WEAFET 5.
DHRFROFE L ES & & FHREE &2 R T 5 K 9 ISR E R T 280 FE O M XM E 4 &
ET%. Fig.2-2-1 IZBWTEAARIC X DR FALEDBEENK D TEREEZE XD, ZOBRET
iﬁ%%%&féﬁ%ﬁiﬁ%&ﬂ%’%#hfwé
, Wi 2 otREIC T DR OEE 25 2 5. JTENARIC X DR FrE DB ER Kb
&B®@¢%%m¢5ﬁ%u%«7bwﬂ%gméuu%%ﬁmé(ﬁ@5m IR MR
LRFREDNLE 7 RV o [ TR & LT OFEALE DS E E S AU TWZR WO TRALE O FBR T
v hERAV R L LTERT 5.

N

k+1 1 ~k+1
%—WZ“ (2-5-1)

i=1

HOEDY OBEMEET—A 2 MIFEEBRT DR FHEOBR IR 2 HEE 5 2 (2-5-2)
DEITRD L. B ZRTEDBEOEMEE— A NIV I a2 b—Ta VORANZEHRELT
<.

':Zﬁﬁ“@| (2-5-2)
=77 L | @ “RCEOBROEMEEDOVIERE—A N, m i b fFOERE, r° 4]

HARHE T®M%H%N7Fw,r CHIHENRRE COEOMIENRY ML, T 5.
TR NGRS DRI REDINLE & k AT > IR DIFEE R T DR REONLE T kL)
BkAT v TINDKk+1 AT v T OROBENENRE 5.

=i (2-5-3)

7120, kAT T IDK+L AT v T TORA- OIRFBENERT ~b, 1f : KAT v 7 OHL
FNERT KL, £ 0 K+l ATy T TORFOIRBEIER Y kL, L3 5.

kAT v T MBKk+1AT v BT 2 ELOBE & 13X(2-5-9D & HI1TKRE 5.

R e
GZWEE (2-5-4)

kAT v T INEK+1LAT v S8BT DR EREOMIE COREGEBE &0 1XX(2-5-5)D & H 1k E
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1 X ar 1
glzTgmﬁx("ik_rgk ) (2-5-5)

LIEDD, FHRERER T DR OB Eh & & JOBE B2 R MFT 5T TR 2R 2R+
DEEBB T BAU(2-5-6)D X D ITRED.

r=rg+ RH'(rik - rgk) (2-5-6)

72720, R, @ ZWRtEICE W THEOED Y ICO B S HEETHI, T 5.
SWICOFREEEB OY S, EOEE &I CRTME O A L RIS Z N TE L3, EkE
F— A N EARGEEEEZRFT DL I ICEERIEAH N RS, " IRGGHEOSEOELE
DYIEME— AL NI 1 THY —o LER SN, HEOMDIZ 1 ERD TBITIE
PPy 22— a VBN TRICEAZME S Z &R TE D, L, ZRGEERESHOEA I
EE SN EER TRO D EOLEDVIEMET— AL MIM 2% 2 LELT 5. BTSN HEER
D JLCER Y AMEYE FHh[E] 0 ([Z BT A ERFEN 2 WO TEMT o Y VAT AMLEND D.
FIKREEAT v 7 THEMEE—A L NERODIVLERND L. LL, kK+1AT7T v TOEMET v
JVERAE T L & U C ORI REONBIELEN KD > TORWEBE TR D Z LR TE A
V. ZOBAEITRR & RERIZ IR 2 A RS 2R RE O )R 2 RN TR BB C ORI E A& 1E LT
WIRVWMEALE RS MAADBIEMSET v Y VRS D kL, KAT v 7 TOERLEAWZKAT ¥
TOEET VY VEERT D @ OFERBZLND. KL TIEk AT v 7L k+1AT v
TOEMET VI VLN TH D EBZK AT v S TOEMET Y VAR U ARER) 2 i < .
F 7, PESEBREZRFT 5 X 0 ICERZ AR ST 5B 1 FHE AT v 7 ToA R Y ok
APBNTH D B2, R2-5-8)% T 2 RILIFHEREE DOGE & RERICRL OIS EBE &2
EFETD.

rgk :(X;'y;’zg) ) rik :(Xik'yik7zik) (2-5-7)
=R () (2-5-8)

N
Iar:zmﬁlx(rik _rgk+1) (2-5-9)

=

2 - @ =) 2 mr Y -x) D mm (@ -z X))

L= Do-mO =) =ye)  2om(O =X + @ =20)) Y -mi(@ -2y - y,)

2om )@ =) D mmy Y@ -z 2 m( = x) H(y - Y)Y

(2-5-10)
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72770, 0 kAT v T INBKk+1AT v I TOREBRBEIESY hL, R, : ZRTMEICE N

THELOEDLVIZO EESE L AT, | ZRGCREOBEOEMIEE DV IEEE—2 > b T
VI, LTS,

ZHVEWRIRD SHEARIZ 230D D& Fl sy LR OEE 2 if 2 & LRIFRTH D & BR 9366 L
TV, UKEE 9ORXB L OSAE5I 45, Bk 2T » 7 TIRERRITIEEMD H DAL E R
7 MVEBHENRY MLEH S TED, HikE L TOMIMEELEE I WD, Z0kKk+1 AT
v T OWNRE UTEHEEZER T DR PR EIN B EE 2D, TOBEOMEERY hLis UYL
E7 FUER(2-5-11), B L OH(2-5-12) L 72 5.

A K+L

G = uf + At4f

(2-5-11)

P k+l A K+L

Lk
= A, (2-5-12)

L, O DR OK+LIAT  FORGEERY bb, & TR D Kk+1AT v Z ORI
WY hb, £ D TDRIFDOK+1 AT v FORMLENZ bv, 5.
A(2-5-12) 2 MHETHE L, HOEEOBIE TRL, X(@2-5-3)&HX(2-5-0)&ATD.

N k

u r u 1 u
a = 9 — _9 _ "9 — Ek+1_rk _ 9 .
° At At? At At?N z( : ) At (2-5-13)

i=1

72120, al  BOLETOKAT v FOMEE~Z by, ) @ BUALETOK AT v 7O
JEARY RL, ko BB TOK AT v FOMESY b, LT 5.
K(2-5-13)12&(2-5-11), H(2-5-12) AT 5 & X(2-5-1) %15 5.

AUN & At
1 - Ak+1 u:

= — ) - E-
AN & At (2-5-14)

%:ﬁ§}¢ (2-5-15)

InER@5 1A T DL, AOF-HEE -HMEL, R2-516)03KRED.
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ay =< al (2-5-16)

VUK AR T D BB DN T A AEEE D) & L OIHE NG L L o TS Z &
L, AWEE LTINS SZITANEEFHE L TWA L LD, BENRTRIRICE 2 A /ERIZR
KE UTCIRMIEMEEESNDBRICER SIS, ZHITEER & FEETH 5. Fig2-5-1 ICHE Y
o—%RT
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Start Simulation

v

Input simulation condition

Input initial condition
Ny, 1o, Uy

\

Update particle velocity, position and pressre
7
ViR
Calculation particle motion and density
* * ~ At
F o R 2y =y Al gped
Po
Solving pressure poisson equation
Increment time step
k+1—k
Calculate pressure gradient and modification of
particle motion
* - « At
rik+1 =r+ rir’vik+1 =v; +Vi’ =vV] 7—VPk+1
Po
"L 7.7 T L Calculate floating motion. T . "
Output
False

Check of termination

End simulation

Fig.2-5-1 Simulation algorithm of the MPS method with floating motion
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2-6 ERBARDRIER

HHG D, %D VIPEZEMIRICEE L U O SNTORL - 28I L, IR E RO B T )
IS LT bOZMEZE ) E LW e, RIATIHEARI L L THERL, ARkE LTET LS
FUT=TE 22 L BED T ZE ) 2 )L ) Ok & LTcE ORBES Z B 52T 5 72 DI HE SR %
19, RIECTHEBT280%, OFEERMBOENICLD2EEIOEL, @¥ 2 b—1 3 R
FHDOEANC K DE LTI DAL, OFZNIEIC L DE DA, O O AN EZE LTI-5E D
EZ2 )DL, Y48 ThoD. BUEFEERSEM % Fig.2-6-1 1 d . @2eW/E &, Ki1HEEEE)
[ U Ch 0B EEICEDD O D EEYTT LV E AR Ly HRICPE%E 5 2 BEST U HE 28 S+,
Z DOBEOEEmBL - OFE TS & LTO N T 5. @22 EEN/ NS WIEIZ Type A, Type B,
Type C, &L, BEx —HIt-. EEYOEILE Table2-6-1 1273, F£7-, ¥ % 0.5m/s,
1.0m/s &L, ¥ alb—ra VKHZAALESE D, EBAOMMBEEXSE L2, BUEERS:
% Table2-6-2 |Z/R 7. ¥ X = bL—3 g VIR AT Z W27 —F U cEo 7= (U(2-6-1)).
¥, HARHIBRIZS R 2 b—3 g UIRRIR A L — S g 2L, At v alb—va
IR 2%, v, 0 EJSEREE, b o ki f-RHEERES 5.

_ AtVimpact
b (2-6-1)
0.5[m]
Collision 1.0[m]
object
: 2.0[m]
Vlmpact Type A
2.0[m]
Collision | |
object
? 1.0(m] Collicion obi
B ollision object
Type 0.5[m]
y Type C
¥+ WaH boundary+ |+ .+ Wall bourtdary  _+ Ll Wallboundary +

Fig. 2-6-1 Setting of collision validation

Table 2-6-1 Simulation condition of collision validation 1

Type A Type B Type C
Collision area[m?] 0.5 1.0 2.0
Mass[kg] 1000.0
Particle number of collision object 10000

Table 2-6-2 Simulation condition of collision validation 2

Simulation time[s] 0.1

Impact velocity[m/s] 0.5 1.0

Courant Number(Equation(2-6-1)) 0.05 0.1 0.2 0.3
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Fig. 2-6-10 Snapshot of penetration of MPS when the floating object collision the wall with
particles (Type A v=1.0m/s C=0.3)
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Virtual Elastic Boundary Collision object

X X

Fig.2-7-1 Image of Virtual Elastic Boundary system (Translational motion)
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Fig.2-7-3 Simulation algorithm of the MPS method with Virtual Elastic Boundary
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End simulation K /

Fig.2-8-1 Simulation algorithm of the MPS method with OpenMP
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BB S 2l —a v 7 s T ADREN R F~v—r F A N Th b, KEpEE
D HEHHLE DO RER PN E & AT L, FHREOEATTH. Figd-1-1-11Zv a2 b— 3 > Df)
ME&MEE2RT. Table 3-1-1-1 12V 2 = b—ya UEMFEERT. F72, WANMBIC L SRR OE
WEERT D7D T 5 CPU O aT7HICELEZ ST Ty alb—varaz{rol.
Fig.3-1-1-2 ([ZHERZRT. 728, FEEREIX Martin & Moyce222) D g R 2 #H T\ 5. MPS £
EFEBEIZ I VW—F AR LTV D, R DI K D & EREROCEL 7o TV D DOIXER TITE
I 2MEN TR D FRIROSEIIR AL 725 Z ERRKR E B 2 5D, WK X 2 FHEEROE
WITIRIETEE Lo 1o, /2255803 CGIEDR Y MITHIREDOFE OB D & L& bRIERF O
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DEBIIWNTH Y, FEYNUREROREZ 03I RT 52 L ThELTHTENRTES.
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Table 3-1-1-1 Simulation condition of dam break validation in the 2D-MPS method

Particle size[m] 0.01
Simulation time[sec] 1.0
Fluid density[kg/m3] 1000.0

Dt[sec] 1.0e-3
Gravity[m/s?] 9.8
Open MP Core Number 1 2
Particle number 6509
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Fig.3-1-1-2 Simulation result of dam break validation between the 2D-MPS and the

Experimental values
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Fig.3-1-1-3 Snapshot of the dam break validation from 0.0sec to 0
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Fig.3-1-1-4 Snapshot of the dam break validation from 0.4sec to 0.7sec in the 2D-MPS method
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L=0.5[m]

3.0[m]

Fig.3-1-1-5 Wave tank setting of dam break validation in the 3D-MPS method

Table 3-1-1-2 Simulation condition of dam break validation in the 3D-MPS method

Particle size[m] 0.01
Simulation time[sec] 1.0
Fluid density[kg/m3] 1000.0

Dt[sec] 1.0e-3
Gravity[m/s?] 9.8
Particle number 383760




40

6 T I T T T
o Exp(Martin-Moyce)
or —— MPS
y/|n
4 |
N
3_
2+

t(2g/L)"?

Fig.3-1-1-6 Simulation result of dam break validation between the 3D-MPS and the

Experimental values
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Fig.3-1-1-7 Snapshot of the dam break validation from 0.4sec to 0.7sec in the 3D-MPS
method
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Fig.3-1-1-8 Snapshot of the dam break validation from 0.4sec to 0.7sec in the 3D-MPS method
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0.6[m]

Fig.3-1-2-1 The wave tank setting of static pressure validation in the 2D MPS method

Table 3-1-2-1 The simulation setting of static pressure validation in the 2D MPS method

B HE R R

Hithzt

1.0[m]

METhHDLLEEALR, K

Z[m]

Particle size[m] 0.01
Simulation time[sec] 5.0
Fluid density[kg/m3] 1000.0
Dt[sec] 2.0e-3
Gravity[m/s?] 9.8
Z[m] 6.0 5.0 4.0 3.0
Open MP Core Number
Particle number 6826
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Fig.3-1-2-2 Time series pressure in the 2D MPS method (Z=0.6[m])

8000

6000

4000

Pressure[Pa]

2000

5

— MPS 1Core

— MPS 2Core

------ Theoretical Solution
2 3

Time[sec]

4

Fig.3-1-2-3 Time series pressure in the 2D MPS method (Z=0.5[m])
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Fig.3-1-2-4 Time series pressure in the 2D MPS method (Z=0.4[m])
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Fig.3-1-2-5 Time series pressure in the 2D MPS method (Z=0.3[m])
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Fig.3-1-2-6 Snapshot of the pressure at each time in the 2D MPS method
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Fig.3-1-2-7 The wave tank setting of static pressure validation in the 3D MPS method

Table 3-1-2-2 The simulation setting of static pressure validation in the 3D MPS method

Particle size[m] 0.01
Simulation time[sec] 5.0
Fluid density[kg/m3] 1000.0
Dt[sec] 2.0e-3
Gravity[m/s?] 9.8
Z[m] 60 |50 |[4.0 |3.0
Open MP Core Number 1 2
Particle number 195514
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Fig.3-1-2-8 Time series pressure in the 3D MPS method (Z=0.6[m])
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Fig.3-1-2-9 Time series pressure in the 3D MPS method (Z=0.5[m])
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Fig.3-1-2-10 Time series pressure in the 3D MPS method (Z=0.4[m])
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Fig.3-1-2-11 Time series pressure in the 3D MPS method (Z=0.3[m])
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Fig.3-1-2-12 Snapshot of the pressure at each time in the 3D MPS method
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Fig.3-1-3-2 Long wave simulation setup with dam break in MPS
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Table 3-1-3-1 Dam break MPS simulation condition

Particle size[m] 0.01
Simulation time[sec] 15.0
Fluid densitylkg/m3] 1000.0

At [sec] 1.0e-3
g [m/s?] 9.8
Particle number 195514

Fig.3-1-3-3 |2 H1 #,R COWRRIIKmAE) 2~ FBRIEIX Tsec fTTICKRERE—7 03 H Y
Z ORI EH 1.5sec FLE DN 54 LT 5. MPS 15Tl 2sec fHT DB D — 7 L Tsec
FHEDORKRD E— 27 OEBENTIEZ 5TV D OO EBR{E & ik U TR KR ZB) &3/
S, ZHERG 13- DEAWD Z LI K VRIS R DOBR B ET HLH LTND 2 LMK
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(2% DERNG 2 OIXFEFRIZBNTS — M BIT DBROF#Z MPS{ETHEE L TWRNT &
ICK 2B LEZOND. FERICET 55 1 EoREREITEEZ B (X(3-1-3-5) THD
LEZXDE22mls THY, KEEFEmARET 2 RFZIE 1.7sec F2EE Th 5. MPS 535 L U'MPS-IR
FEXZ OBERFM G IE LS R TE TS, Fig3-1-3-4 (2 V1 #US CORSRYIFEE 273, /K
Z58) L [FERIC MPS-IR 7£78 MPS 7% & Bl LT, Tsec (1T OKIEZEB D &' — 7 TITEBRIE L D%
HEPRZToNDbDOOERME BN—FEZRLTND.
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Fig.3-1-3-5 Comparison of time series water elevation at H2 between MPS, MPS-IR and
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Fig.3-2-1 Wave tank and floating object setting of draft validation

Table 3-2-1 Simulation condition of draft validation

Particle size[m] 0.01
Simulation time[sec] 10.0
Fluid density[kg/m3] 1000.0
Dt[sec] 1.0e-3
Gravity[m/s?] 9.8
Float density[kg/ms3] 300
Ballast densityl[kg/m3] 2000 3000 4000 5000 6000
Total masslkg] 133 | 159 | 233 | 259 | 333
Particle number 16110




57

0.5

0.4

0.3

Draft[m]

0.2

0.1

o Theoretical solution |
e MPS
l l
20 30
Mass[kg]

Fig.3-2-2 Simulation result of draft validation between the MPS and the Theoretical values
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Fig.3-3-1 Simulation setting of collision validation

Table 3-3-1 Simulation condition of collision validation

Stiffness[kN/mm] 22.8

Mass[kgl 60.0

Particle size[m] 0.01

Impact velocity[m/s] 0.5 1.0 2.0 2.5
Dt[sec] 1.0e-3 5.0e-4 2.5e-4 2.0e-4 1.0e-4

B KL OBR R 2361 2 K828 0) % Fig.3-3-2 1. BRI IGHEE v, o » HCHH
XEZR N OBRKETH S, £z, EREITEE D 20|12 X > TIHbiu - B R~ $EE 22525 & H
Wie. Fz, HEREIREB T R L X — L 0T AR LF — D=L F—RAFRIE LV, H(3-3-1)
B EOH(3-3-2) 2 H = A(3-3-3) & LTz,

2 1, _
Mg 5 KU = (3-3-1)
F=ku (3-3-2)

F =Vl (3-3-3)
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Fig.3-3-2 The maximum collision force between the MPS values, the theoretical values and the

experimental values
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Fig.3-3-3 The time series collision force of the MPS values (v=0.5[m/s])
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Fig.3-3-4 The time series collision force of the MPS values (v=1.0[m/s])
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Fig.3-3-5 The time series collision force of the MPS values (v=2.0[m/s])
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Fig.3-3-6 The time series collision force of the MPS values (v=2.5[m/s])
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BT % F N2 KR O 22 Tk o COEZE ORI A ORI T3 H HEE &
ZEH G A EMEICHILCE R WIS Tlc 1 TR, 2 2 ClEmiEESHEN A LW Aao

ERBRIZ BN TR OE L) D RERICEHII T & 2 A MGET 5.

RNZEHRLTWA,

Vimpact

0.51[m]

. . . . . . Drifting object

Casel 45[deg]

Fig.3-3-7 Simulation setting of collision of floating object corner

V.

impact

FHH S Fig.3-3-7 & Table
3-3-2 12759, Fig.3-3-8 (245125 1) D & KA % 7~ 9~. Al Z @2 5, it o i REZE ) 21
BB ENE L CTHEENTEAED RN E RN gD, F2 2 IIE R A E ) DMELE L

Ak S AT

Drifting object

0.51[m]

Case2 0[deg]

Table 3-3-2 Simulation condition of collision of floating object corner

0.51[m]

Stiffness[kN/mm]

22.8
Mass[kg] 60.0
Particle distance[m] 0.01

Impact velocity[m/s]

0.5

1.0

2.0

2.5

Impact degreeldeg]

0.0

45.0
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Impact velocity[m/s]

Fig.3-3-8 The simulation result of collision of floating object corner
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Fig.3-3-9 The relationship of M and the accuracy of the collision simulation in the MPS
method
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% . SRR OBENHE 213 R(4-1-D) 2 L7z, Fig.4-1-1 OFHRERR ORLE CREE | Toil ik
A H1 Lyl V1 25HH. 20, [FERONE 2 @& UEaE LIS E LIS OBED B2 5 2em
32 P1,P2,P3 OFARIE N ZFHAI L7z, SFHANZ Wz o OPEGEA Table 4-1-1 (Z7R"d. FHA
IKFDH 7Y o VAL 1000HZ (288 E LTz

H1V1

B
Solitary wave
0.22[m] 0.18[m] ‘ —
0.5[m]
N i ........... % ............. i ............... I‘ ................ i ......................
R T A0fm} o+ e v e e i 10.00ml . "Lttt
P1-P3
<
Solitary wave
st EL/
0.22[m] - 0.18[m] ‘ —
0.5[m]
............ f . . . . . . . . . . . . i . . . . . . . .‘ . . . . . . . .i . . - - . . . . . . .
'''''''''''''''''''''''' % . T .'.'46515].'.'.'.".'.'.'1.5'[m].'.'.'.'.'.'.'10'0{1%11'.'.'.'.'.

0.02[m] Q "
0.02[m] O ”
0.02[m] Q "
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Fig.4-1-1 Impulsive tsunami pressure experimental setup system
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Table 4-1-1 Performance of sensors

Type of sensor

Measurement range

Measurement error

Capacitive wave

height sensor

50[cm]

within 0.15[cm]

Propeller meter

+3.0~ *=200[cm/sec]

within =+ 3.0[cm/sec]

Manometer

0.0196[MPal

within 40[Pa]

u=./gh(Asech’a’ + A sech’e’)

Fig.4-1-2 Coordinate system in solitary wave

2L, g BANEE, h o KIE, H o E, R &5,

(4-1-1)

(4-1-2)
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4-2 MPS DB &AM
MPSIEIZ L DY o b— 3 U CIEEH L 72 FAKGL & i & & & E SRR 7y b
THT—HEAER L, FEBR L FERIC Fig.4-2-1 OiLE CEEEEmR ICER T 2L Z2FHILT-. =
DEE, 2B TR LICEEER 2y, B HEHEH IR OBERAITY. v Iab—va gk
ff% Table 4-2-1 |Z/" 9. 7272 L, JEAAROFHEFEIZIZA(2-2-16)% FV -,

Inflow & outflow boundary

P1-P3

Fig.4-2-1 Impulsive tsunami pressure simulation setup in 2D-MPS

Table 4-2-1 Impulsive tsunami pressure simulation condition in 2D-MPS

X[m] 0.2 0.4 0.6 0.8 1.0
L[m] 0.4 0.2 0.4 0.6 0.4
dt[sec] 5.0E-4
Particle size[m] 1.0E-3
Simulation time[sec] 3.0

4-3 FERLEE

Fig.4-3-1 75 Fig.4-3-10 £ THAKBEFIERE X COREEWRTR CTOMW LKL L EZ R L2
DTHD. WEIFETOr—ATIW—HERLTW5. FEIEL MPS O RO D JEE
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B DA GERNTIRIK L 72V R O (B2 il 2 315 2 LM TE 720, Ko TEBROMEM /N
FHllE N TS, —JF MPS I CILJei o E 2 15 L < GHAl (BjHT) T& T\ O TR O
TERIZEONDR S

Fig.4-3-11 75 Fig.4-3-15 £ THRERIITOIET) O/ FEERFE R & 2 ot MPS IEOFRERD I
WCTHDH. HE L U CIENISNEREM ZE2E LB ORI TE & ER LK% T4 280
2O —7 BT 5. JENFHIHLE D& < 2R DI LIS WEIMEMELS 22 2l 3 5 5. 1H
B & KLY TS X DTS S 0.04m (U2 TIRIEFR UEIZZ2 Y & & 0.02m OB 5 L E
WIENRKE < EE 0.06m OLAKIOE FICLHWENRKEZ V., TRTOLHFAITE T, MPS
HBIEZN OO AERS KRB TETWVWDLZ L0805, L LRI EEIFRE RN
bbb, ZOFRRZ2OBxLND. —DIIRERR AR CHEL TVDZ EICL D REOM
MTH L. RIZL o CTRESER Ak T 2 & BEST FURL 1 & M3 2 BESE kL 1 & OISR 1
RO RN AET 5. MPS VEICI T DR 7 HUE 1T B LR NIC & Dk 1 & b1 FEEE
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JEJME S SEBR & b U CTIRS R 2 BB O RKITZ ZiIch b EEZEx s, £, Figd-3-16
N5 Fig.4-3-25 IC MPS{EIC LA AT v 7Y a v &7 . Fig.4-3-20, Fig.4-3-22, Fig.4-3-24
DAF T ay MIEALTW D ERELADERTOESDIRT b FEREZ RS 5k O
MM RR TR AR E DR T2 E, BHERHEBHINTNDLEEZOND.

b OO & DITEER ORL - BE L 2 5T 2B OB HBOMETH 5 B2 5. MPS AT
HOTE, MVEEAZ BRI E KD o B IE TOR FEBEN S ENRT v o HRRE MO T
W5 BERZREFRE T LI Be i C ORI FRLEI T EMEIE A A L CnD . Loy LEERL - ClhL
FEEE OB AET 2N ZE S b/ (Fig.4-3-26) . ZNDBEERR COEITOK T %
HWTWbEEZS. LL, ZIUIMENY MABEE SNTBERL FICORBEETHEEZD
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0 1.0 2.0
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Water elevation [m]

Fig.4-3-1 Comparison of time series of wave form between experiment and 2D-MPS at H2
(X=0.2[m])

25 m——
i Xperiment T
2.0p o MPS .

Flow velocity [m/sec]

Time [sec]

Fig.4-3-1 Comparison of time series of flow velocity between experiment and 2D-MPS at H2
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(X=0.2[ml)

0.06 : . :
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0.04} '
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Water elevation [m]

Time [sec]

Fig.4-3-2 Comparison of time series of wave form between experiment and 2D-MPS at H2

(X=0.4[m])
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2.0 o MPS
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Flow velocity [m/sec]
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Fig.4-3-4 Comparison of time series of flow velocity between experiment and 2D-MPS at H2
(X=0.4[m])
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0.04F '
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Fig.4-3-5 Comparison of time series of wave form between experiment and 2D-MPS at H2
(X=0.6[m])
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Flow velocity [m/sec]
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Fig.4-3-6 Comparison of time series of flow velocity between experiment and 2D-MPS at H2

Water elevation [m]

0.06

(X=0.6[ml)

0.05}

0.04

0.03}

0.02

0.01}

Experiment

o MPS

Time [sec]

Fig.4-3-7 Comparison of time series of wave form between experiment and 2D-MPS at H2
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Fig.4-3-8Comparison of time series of flow velocity between experiment and 2D-MPS at H2

(X=0.8[m])
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Fig.4-3-9 Comparison of time series of wave form between experiment and 2D-MPS at H2

(X=1.0[ml)
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Fig.4-3-10 Comparison of time series of flow velocity between experiment and 2D-MPS at H2

(X=1.0[ml)
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Fig. 4-3-11
Comparison of time series of pressure

between experiment and 2D-MPS at
Z=2-6[cm],X=20[cm]
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Fig. 4-3-12
Comparison of time series of pressure
between experiment and 2D-MPS at
Z=2-6[cm],X=40[cm]
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Fig. 4-3-13
Comparison of time series of pressure

between experiment and 2D-MPS at
Z=2-6[cm],X=60[cm]
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Fig. 4-3-14
Comparison of time series of pressure
between experiment and 2D-MPS at
Z=2-6[cm],X=80[cm]
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Fig. 4-3-15
Comparison of time series of pressure
between experiment and 2D-MPS at
Z=2-6[cm],X=100[cm]
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Fig. 4-3-16 Snapshot of pressure in first-impact with 2D-MPS X=20[cm]
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Fig. 4-3-17 Snapshot of pressure in first-impact with 2D-MPS X=20[cm]
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Fig. 4-3-18 Snapshot of pressure in first-impact with 2D-MPS X=40[cm]
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Fig. 4-3-19 Snapshot of pressure in second-impact with 2D-MPS X=40[cm]

Pressure—Mode
t=0.450050

2 0000008+003
. 1.600000e+003
1.200000e+003
8 000000:+002

4.000000e+002

- 0.0000008+000

Fig. 4-3-20 Snapshot of pressure in first-impact with 2D-MPS X=60[cm]
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Fig. 4-3-21 Snapshot of pressure in second-impact with 2D-MPS X=60[cm]
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Fig. 4-3-22 Snapshot of pressure in first-impact with 2D-MPS X=80[cm]
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Fig. 4-3-23 Snapshot of pressure in second-impact with 2D-MPS X=80[cm]
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Fig. 4-3-24 Snapshot of pressure in first-impact with 2D-MPS X=100[cm]
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Fig. 4-3-25 Snapshot of pressure in second-impact with 2D-MPS X=100[cm]
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Fig.4-3-26 Image of difference of the integration area around pressure wall particle
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Solitary wave
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Fig.5-1-1 Collision experiment setup of tsunami floating object 1

H3,H4: Wave mater Piston type wave generator
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[+ 0:220mf e e e e e e e e e ey [ 020m =
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Fig.5-1-2 Collision experiment setup of tsunami floating object 2
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LT 2.0kg O#E% 4 HFHE L T 5. Fig.5-1-4 3L O Table 5-1-3 [Z{F AR OFEM A ~d. £
7o, FEBRTHEM Lo % Fig.5-1-5 \Z-d . 1HMEE— A M B X OELE S OFHINIZIEA
HME R A G L, &M TEORKAKE TH D Imm CTZEMBEHIL L2 KT T LA ERK L,
fEMTHIIC R D 7= (Fig. 5-1-6 7» 5 Fig. 5-1-10). 85 O & & B b L 7-BE Ok 745 % Table
5-1-2 IZ/R T

Y

T M1,M2,M3: Motion Tracker
P1,P2: Manometer
M3
0.92[m] 0.81[m] M2
M1 Solitary wave
| P1.P2
0.22[mTZ;Z;Z;Z;Z;Z;Z;Z;Z;Z;I:I;Z:Z:jjjium z
Olml| [ e e e e e e e
ol B Ll Lot ‘
\ \ \ \
0.6[(m] 2.5[m] 1.5[ml] 10.0[m]
Fig.5-1-3 Collision experiment setup of tsunami floating object 3
Table 5-1-1 Performance of sensors
Type of sensor Measurement range Measurement error
Capacitive wave height sensor 50[cm] within 0.15[cm]
Propeller meter +3.0~=*+200[cm/sec] within =+ 3.0[cm/sec]
Manometer 0.0196 [MPal within 40[Pa]

) ) Depends on shooting

Motion tracker 640 X 164[pix] .
distance
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150.0[mm]

- 500.0[mm]
A A
A A
150.0[mm]

34.0[mm]

550.0[mm]

50.0[mm]

50.0[mm]

150.0[mm]

—

150.0[mm]

Fig.5-1-4 Drawings and setup of floating object

500.0[mm]

Fig.5-1-5 Photograph of floating object (panoramic view)




82

Fig.5-1-6 Frames of spatial discretized with 1mm particles

Fig.5-1-7 Frames and ballast weights of spatial discretized with 1mm particles

1mm particles
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Fig.5-1-10 Frames, ballast weights, outer plates and hard rubbers of spatial discretized with

1mm particles (Lateral view)

Table 5-1-2 The mass and particle number of the component of the floating object

Masslkg] Particle number
Frame and outer plate 6.0 4460000
Ballast 2.0X4 750000
Hard rubbers 0.8X2 1020000

Table 5-1-3 Specifications of floating object in experiment

Masslkg] 15.6
Weight center(from bottom of object) [mml] 48.6
Inertia at weight center[kgm?] 0.834

FFEFHROMIMEZFHIT 5728, FREE R 21T o7, BN & L, Fir b 3SR 0HE
Mg sc A Y2 AN CEEE DD B MO IZET A4 b7 v —% Wil 217 9 . Fig.5-1-11
(ZFRETABRA B X 2R, £, XFERBIE I NI I D EEEITo 7. SIS T
$=28 mmOALHAEEH L7z,

891.0[mm] F
} % l Mo: Motion Tracker
: . _ X
. MO H
‘ \
| 1=1028.0[mml | 28.0[mm]

Fig.5-1-11 Experimental setup of static loading

Fig.5-1-6, Table 5-1-4 \[ZFHAIFERAZ/RT. £72, D RIBCEL DT 21TV, FEELRO
EhraRG-1-1)EE %, 3ElI Z:ROFFEE, 3B =1.796x10°Nmm? Th-o7-. B EINHE |
9.8m/s* & L7-.
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500

400-

w

o

o
T

Force[N]

2001

100t o

MO[mm]

20

30

Fig.5-1-12 Relationship of MO and Force in static loading test

Table 5-1-4 Relationship of MO and Force in static loading test

Mass[kg] Force[N] MO [mm]
5-25 52.4 3.0
10.4 101.9 6.0
15-3 151.3 8.9
20.6 202.0 12.0
25.7 251.5 14.8
35.9 351.5 20.8
40.9 401.0 24.2
46.4 454.3 27.4

FI® Ax X
U=—|1-"4
3El 21 2P

(5-1-1)
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5-2 MPS DR HE &Mt
MPS E TR ABER 2 VT, B & RIS 275 &8 5. MABERNENS 2.0m H
RTTOEEREA H2,V2 & L CEHIT 5. Fig.5-2-1, Table 5-2-1 123 3 = L—3 g VB 2R
7.

H2V2

Inflow boundary

0.2[m] —

2.0[m]

X

Fig.5-2-1 Collision simulation setup of tsunami floating object 1

Table 5-2-1 Collision simulation condition of tsunami floating object 1

Simulation time[sec] 4.0
Dt[sec] 5.0X 10
Particle distance[m] 0.01
Particle number 614312
Influence radius 2.1

JEREZ EABESR D 2.0m HRIZE A U FERERR Je b3 JD OVREERIRISE N2> © 0.6m HiL R 0 3
ok, 3 EFEEZ H3,V3 & L CEHAIT 5. Fig5-2-2, Table5-2-21C3 2 2 b— g Ul %
R

H3V3

Inflow boundary

o
0.2[m] | —

| | |
y \ \ \
0.6[m] 2.0[m]

X

Fig.5-2-2 Collision simulation setup of tsunami floating object 2
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Table 5-2-2 Collision simulation condition of tsunami floating object 2

Simulation time[sec] 4.0
Dt[sec] 5.0X 10
Particle distance[m] 0.01
Particle number 614312
Influence radius 2.1

TR 2 FRRE e (T892 KO ICREE L, /FRE R D 0.6m HUSIZHMESE R A8 AT 5.
7235, EEE VA O 2N E X IR O FRTAE DRSS, SURALE D B 760mm O HE Th - 7=,
RXG-2-DE AV, FEFHEMIMEE 3.5X1040N/m & L7=. Fig.5-2-3, Table 5-2-3 {23 I =L —

2 B A RT.

. _ 3E!
BE (5-2-1)

Elastic boundary

|] Inflow boundary
| |

‘ 2.0[m] ‘

Fig.5-2-3 Collision simulation setup of tsunami floating object 3

Table 5-2-3 Collision simulation condition of tsunami floating object 3

Simulation time[sec] 4.0
Dt[sec] 5.0X 104
Particle distance[m] 0.01
Particle number 636712
Influence radius 2.1
Stiffness[N/m] 3.5X104
M(Equation 3-3-5) 75

R T TR TN L7 2k CHRELT 5. 72720, hiFREEE2 0.0lm TH D7
DIFERUE A OHEDOZR2BRFIIIAFETH L. T2 C, BLES, EOLE TOEMEE—
AU N, EE, MEHER T D L0 IR LT, Fig.5-2-4 IZ/ERR L 72T T L O EH X
%, Fig.5-2-5 \CWia X2 /~3. £72, BT T TSN E R DR DS NERZE ISR 1-235F
FEL72NWZ &Ik BREmEHESNRVE DR F2RE L TW5 (Fig52-6). ZOFRIES
NERAHEDTHELES, BOIETOEET—A 2, &, WHEN T 5 L)k
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% L7z, Table 5-2-4 |[ZEERY) OFE L E T . F iz, FEBRIZ L - CTHANEHA L 72 kA8 & H1,
B L OV V1 % Fig. 5-2-7, Fig. 5-2-8 [Z/~7.

SN b o) 5 ¢ 3 ) SRt A A

: , s

Fig.5-2-4 Setup of floating object in the MPS simulation

e s BRSEEE S g
b s i . e Ll L

T
b haihains o 4 ; T e r Y TTY YT YT T T
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e
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Fig.5-2-5 Cutting model of floating object in the MPS simulation

tCefRE]]
CCCeEeERTT]
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SRS CE SR RE DR
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Fig.5-2-6 Cutting model of floating object in the MPS simulation with dummy particles

Table 5-2-4 Specifications of floating object in experiment and the MPS simulation

Experimental MPS
value
Masslkg] 15.6 15.6
Weight center(from object bottom) [mm] 48.6 48.7
Inertia at weight center[kgm?] 0.834 0.834
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Fig.5-2-7 Time series water elevation at H1 (input wave form)
1 . . .
@’
&
S 0.5
k3]
®)
)
S L
= 0
O -
L
- I L l L l L ]
0'50 1 2 3

Time[sec]

Fig.5-2-8 Time series water elevation at V1 (Input wave form)
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5-3 FERELBLE

Fig.5-3-1 ([CB:RAIKEZE) H2, Fig.5-3-2 I[CHRAFH V2 24, MPS % Tl L7k
Fhr %A LB TE W5, Fig.5-3-3 [ICHERFIKEH A E) H3, Fig.5-3-4 (ZRRFH V3 2787,
JEBESESRC O FOKAL, R E BT R a2 b —y g VTEREZEE LS HETE TV,

Water elevation[m]

Fluid velocity[m/s]

Time[sec]

Fig.5-3-1 Time series wave elevation at H2

Time[sec]

Fig.5-3-2 Time series flow velocity at V2
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Water elevation[m]

Time[sec]

Fig.5-3-3 Time series wave elevation at H3

Fluid velocity[m/s]

Time[sec]
Fig.5-3-4 Time series flow velocity at V3

Fig.5-3-5 ([ZHi R O A D [AllAf 2779, 1.7sec & 2.1sec fHTICEERfADOE— 7 NH Y, *
EIL 9deg, -bdeg FREETH 5. MPSIEITIFEDF Y &3 ) BB O [BliAf 4 B CTRAEL
TE TS, BEORIZ XL D2FEOFEMRTET VLICE Y, ELEbVEEE—A L FEEL
SHHTEDLLITRSTEZENEY ENVEFDORRAD—FIZORN -T2 EZ B N5, MPS
ED 1.Tsec DE— 7 NEBRBE LY K& < 2o TWODJRINITFEE L HIKOBEBOFHRICH S &%
Z oD, FEEERICITEEE L OBBIKKO DI T T AF v 7 T L— BRI S THY, F
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BE-TEIR O EEER /NS, —J5 MPS 5 CIEERETR 7 TR SN TR Y, RKET LV E DEEE
WRETDH., RIal—ra BT VCEEET VEZEAL TWAH DT TRV, ki TF
BEZAERLT D356, 4 B TOEL L [FERRICFREM T ORI O MINIZ X 0 B O X 5 723 R gs 4
LTLE Y. ZADRMOEEEA L — 7 DFECORDB 1= E 2 5 5. Fig5-3-6 ICHRF DT
ROFELMIE x 7 EE 2 7T, 1.5sec (I M HIFARD BEE E~EFE LA 528 L < lHELT
ETW5. Fig.5-3-7 ICKFRFNDOFHRDEMLIE y FEE) 2777, 2.0sec fFii TE—72 0.2m %

Mz 5. ZOEHIMOFENL MPS IEIZHEH TE CWA. vy HhiEEN e —7 2z % 2.0sec

FHTIZEHEA O 2EH O — 7 OFFE LB 5.

T K0 MBI R E S AV IR DS RREIC R Y Hd 5 268 2 MPS IEIX R &5 o TR X
<HEBTL5ZENTECWS. Figh-3-8, Fig.5-3-9 123V LN XEHFO[aldsfA £ — 7 BRI R
5B I OMPSEORF v 7 ay Nand . BEOFRY LR E#HoO—FN L THRNn..

i, FHREBEOKEORRE S FERE BN—HZ/R L TS Z LR TE 5.

15

10

o1
T T T I T 171 I T T

S

Pitch[deg]

1
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LI I B B L B B

_
-

o

1 2
Time[sec]
Fig.5-3-5 Time series Pitch motion at M1
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Fig.5-3-6 Time series X-motion at M1
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Fig.5-3-7 Time series Y-motion at M1




93

Fig.5-3-9 Snap shot at second peak of Pitch motion

Fig.5-3-10 I[ZE BT O x FFAZEB ORERINAE 277, RW—HEZRLTW5S. LaL, &
RERTD 7T 7O E, FTROOERERMOBEIITETOERNRZTOND.

Fig.5-3-11 | B D58 ) DR R FNEE 2/~ 9. 7235, BEZE)ITB S 7= B0 FR )
B ERICL > TEONEAMEEZR LS Z L0k > THTWS. HEBFRORBN LK TETO
i, 227 & GICHFLREREZEBLEZETANIO—HERLTWS., 2T EISER D
BRAGD BT £ TORFRID IR < AR B R EERYR — R &> TEB L TWDH Z LTk
HEEZHIND. EZEHLIT 2.80sec 705 2.88sec DI TR X TEY, EZMAEOBRBN LT
£ CTOWMIL 0.08sec F2E ThH - 7-. EHILBFEDOBIAED KT £ TORRIL3ERR & MPS 523
WIZELW—FEZRL TS, £, mZARLROEE S LEZEREORIE) HET £ TOR
W& oy o — R 5 X(5-3-1) TE 2D L 0.075sec &7 5.

Nk (5-3-1)

TR L DI BB a2 2 % L HZGRFEDORME) T £ ToRMIZRG-3- ) TEHE L
EHbDEVEL D EZEZLNDLDOT, FEBE IO MPS {EIZRBIT BRI NG R L 0 E<
BHISNTWD Z LIIZIESHERS D.

B KB B U IR EBRIE O f RAEAS T9IN (2%F LT MPS #4° 691N & MPS i3 EBR O
9 EFLE OFBLNATHEIZ /2 > T 5. MPS IEDORE RN FER bbbl U T/ S WELH [ X E 22 B AT O
WEOEWILZbDEEZ NS, BT R LX— L O TR R ALF—I126 L TR F— (R




94

FR#E 25 L X(5-3-2), X(5-3-3)nDEEINIX(GB-3-4)TEZXDLZLNTE .

1 1

Emvifnpact_zkuz =0 (5'3'2)
F=k (5-3-3)
F = Vipao VM (5-3-4)

72720, mo EEMEE, v, BEHEE, ko HEWREYE, u o B LT 5.

EZLEE DRI LTS 2 O THEZEHE DIFEWVIZ KX 0 B ) O AR BEAE LT LE
Z5. MPSIRIZE DV = b— 3 )N HEBR & bl U CRFZE R S W RKNE, JRBE o
BEERIC K o Tl LA ELS 2o TV D RN ZET b D, 2 ORURITFEER T 2 #A LT
LEERIFIC L DEEEBEEZ DD, MPSIEOREEERICIZ 7 ) — 2 ) v 75K 8 ALTHD
D3, BOEICIIRLF O S N mIC M o 0, BERL - & B D & o 7o BERL T O BRI AR
BB AVIADRHPN AT S, ZHUTHL 7 CREEE R 2 /A~ 2 BRI A3 DR AR 72 [ E
Thbv, KFHEREZMN< LzE LTHIRMKLF & B F ORI R K& SIFED LT
THRATDHEBEZOND. FrCH Ltk O CRERL O MM IT R mb LTV, 458
TR L7 B e O A CIEEE R BER CZ OMBENREAE L, WEWEER D D OFRH
HEN RS R0 RENGHOAREDO R S OWMEENMEDICH TWARKFER>TNDH EEXD.
K TR AEBIC K DBEDET MEFEDO MR TR TEDL D LB LN, DRI
LSBOMEE 725725 9.

Fig.5-3-12 (21250, MPS 15 CRO - EFHWNAEH 3 2 ik 712 73 MPS 15 CR D 72 i
YINAER T 20715 43N & MPS 15 CRH S V7= 22 71125 L T 6% FEEE D /NS WMHEIZ 72 572,
ARIEBRTHT DIFROMIKIT 56mm & &<, FEZERHT IR DN KI5 AN VAR 2 50 & 8 2 B
INFTNE. T2, @EERFRIR D OB — 7 1% 2.86sec fHITIZH Y, HZEI1DOE—27 L1 0.02sec
EEEW. EES O — 7 CIIHEER TR LTI LTV 52y, ZO%RKIEIINC L
S CER ST ST NSRS 5. RIS OB OERARPI A EH R IA D L v —27 L 725
TENLTWDHEEZLND. Fig.5-3-13 15 Fig.5-3-20 (CEZERFOFAEEN 2 2 > 72 9 v b
ToRY. AR U X0 JBOE U 72 B B L 0 B OB L K LS EE BIF Dk
TR TE 5.

LU E OSSR SRR R A 8 U2 MPS IR BB OIRROT D EAY 0 H 5 HEp
i & U CREEMICEZE T DR D EE), H22)), EIRBBR OB O T £ TORMZ TR TH
BAETHY ZORELENE NI D.
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Fig.5-3-10 Time series X-motion before impact
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Fig.5-3-11 Time series impact force between MPS, Exp and Theoretical solution
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Fig.5-3-12 Time series impact fluid force in the MPS simulation

Fig.5-3-13 Snapshot at the time of collision in MPS simulation(t=2.82sec)

pe

Fig.5-3-14 Snapshot at the time of collision in MPS simulation (t=2.84sec)
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eeper

Fig.5-3-15 Snapshot at the time of collision in MPS simulation (t=2.86sec)

e

Fig.5-3-16 Snapshot at the time of collision in MPS simulation (t=2.88sec)

Fig.5-3-17 Snapshot at the time of collision in MPS simulation (t=2.90sec)

Fig.5-3-18 Snapshot at the time of collision in MPS simulation (t=2.92sec)
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Fig.5-3-19 Snapshot at the time of collision in MPS simulation (t=2.94sec)

aep

Fig.5-3-20 Snapshot at the time of collision in MPS simulation (t=2.96sec)
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