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EE‘; 'lﬂi ﬁ Stiffness[kN/mm] 22.8
y I~ ;' :I: Mass[kg] 60.0
EID’Q H * “:' Particle size[m] 0.01
Impact velocity[m/s] 0.5 1.0 2.0 2.5
I m paCt deg ree Impact degree[deg] 0.0 45.0
A0 Impact degree=0
= - © Impact degree=45
%. 30 -
E 1 .
0 | 1 | 2
Impact velocity[m/s]
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Stiffness[kN/mm] 22.8
Mass[kg] 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

Exp(Kanno.ét.al 2014 s
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Stiffness[kN/mm] 22.8
Mass[kg] 60.0
Particle size[m] 0.01
Impact velocity[m/s] 2.5
Dt[sec] 1.0e-3 | 5.0e-4 | 2.5e-4 | 2.0e-4 | 1.0e-4
006— ' T ' T ' T '
—O0—v=2.5 dt=1.0e-3 _
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Simulation time[sec] 4.0
dt[sec] 5.0e-4
Particle number[million] 0.64
Stifffness[N/m] 1.34e+5
VIE: B i dicdi) 66
Elastic boundary
H1,V1
H2,V2
Inflow boundary
0.56m
1.05m
/I\O.15m \V4
0.22m L oosem —
A
2.0m
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—

Nifon University Department of Oceanic Architeciure & Engineering



Water elevation[m]

2.5m

Fluid velocity[m/s]

Time[sec]

Time[sec]

Nifon University Department of Ocaanic Architecture

S | i]i]lfl e ‘ilil(]



H2,V2

0.2m

1.05m

0.22m

.5m

2

FN—HZFZTRLTLS

MPS

Lo
o1

o
x
L

Lo
LaeH 0 Dy

[s/w]Ay00]39A pinj4

Time[sec]

[w]uonenss 181 A

Time[sec]

ure & Engineering

hitec

a
#

Ninon University Depariment of Oceanic Arc



IKfEE EELiEHH1.0m

1.05m —////n\\\j§7

0.22m 0.2m

S N

H3,V3

BW—HZFTRLTLS

I T I T I
—  P06o MPS _
£ — °
s - £
= .04 %’
> S
o 2
£ o
o >
= T

5
Time[sec] Time[sec]

Nifon University Department of Oceanic Architeciure & Engineering




EUHMNYEE EERESSaL— 30

Nifwn University Deparimeant of Oczanic Architecture & Engineering



TEUHNYZEE) EEREZal— 3y

Displacement-Maode

1= 2305500 \




EYHMNYEE X

E
g
2
IS
g
>
[ " 1 |
0 1 2
Time[sec] Time[sec]
0 : , , ; T T T T T 1 .
r Bxpi . = EEESE Theoretical solution
! Exp | 1000 © MPS(m) i
0000000 o MPS | 8 MPS(mtm,)  Vippaedk(m+m,))”
E -0'2_ OOOOOOOO 7 P e s e e e e )
= %005, E.
g Ooooo 8 L
0,
g -04f %0, | £ 500 i
< %t\%%va L
-0.6- d L
1 L ] el 1 L 1 . | . I : | X :
2 22 24 26 28 08 28 284 286 288 2.9
Time[sec] Time[sec]

2\
NS

IZFFDRIFICEDZE LI TRDOY

\\

AT BT TS

Pitch[deg]

F1 28

Time[sec]







Virtual Elastic Boundary with Mirror particle boundary

' _~——mirror particle boundary
mirror particle(cal. pressure)

Input calculation parameters

Input configuration of particle

|

i

Explicit calculation of source terms
& particle motion

fluid particle
mirror particle - Y'\- OO p
(without pressure) | :n S0 . O O O

- \

Calculating mirror particle boundary

for only fluid particles

not for drifting object particles

Calculating mirror particle boundary
for fluid particles

Solving pressure Poisson equation
(ICCG)

Calculating of pressure gradient terms
& modification of particle motion

Calculating of elastic boundary
for drifting object




Virtual Elastic Boundary with Mirror particle boundary

Fluid density[kg/m®] 1000 Pressure—Mode Pressure—Mode
— t=1.000500 t=1.000500
Particle distance[m] 0.01 £ 00000064003 £.000000¢+003
6. 400000e+003 E.400000e+003
Particle number 9475 | 480000084003 l 4 B00000e+003
(with fixed wall particles) (9715) e - P
r 2 1 0.000000e+000 0.000000e+000
e .
Simulation time[s] 1.0
At[s] 1.00E-03

=9.8 m/s

0.8m

mirror particle boundary
fixed particle boundary

Hydrostatic pressure can
D bondary || be calculated correctly

1.0m




Virtual Elastic Boundary with Mirror particle boundary

Preg oMt Pregihsobiee

Fluid density[kg/m®] 1000 1 50000064004 i
- - I 1.200000e+004 1.200000e+004
Particle distance[m] 0.01 900000084003 9,000000e+003
- | B.000000e+003 | 6.000000e+003
Particle number 5475 | 300000084003 2 300000024003
(with fixed wall particles) (5715) Cmomes 000000024000
re 2.1 § E
Simulation time[s] 1.0 a
At[s] 5.00E-04 E
L
B
0.5m

1<

g=9.8 m/{ g -
g 2
g 5 00—+
2 S8 I with mirror particle boundary]
£ o % - — with fixed particle boundary
= = L i
o] g S 10000 -
5 5 £ Because of
] " = r
E = S L . .
- miss detection
P o 5
- i of free surface
L fixed particle boundary N E .
Lom s . L] particle
0 0.2 0.4 0.6 0.8 1
Time[s]

Fluid impact pressure can be calculated



Virtual Elastic Boundary with Mirror particle boundary

Fluid density[kg/m®] 1000
Particle distance[m] 0.01 1
- £=9.8 m/s?
Particle number 4625
(with fixed wall particles) (4865)
{with elastic boundary} {4625}
re 2.1
Simulation time[s] 1.0
At[s] 5.00E-04
Stiffness[N/m] >¢Only elastic boundary 1.00E+05
Impact force

mirror particle boundary

0.5m

0.1 m
< # .+ drifting object

0.1m

X
0.03m |

fixed particle boundary
1.0m

Fluid force

Only elastic boundary

back calculation
from displacement

Elastic boundary
with mirror particle boundary

back calculation
from displacement

pressure integral

Fixed particle boundary

pressure integral

pressure integral

fixed particle boundary

0.8 m



Virtual Elastic Boundary with Mirror particle boundary

Displaceﬁ%nt—Mode Displacement—Mode Displacement—Mode
t = 0.0008230 t = 0.000000 t = 0.000000

with fixed particle boundary only elastic boundary with mirror particle boundary




Virtual Elastic Boundary with Mirror particle boundary

egegereesesRb bt

S

Fluid particles pass through the virtual boundarv

boundary

Fluid particles don’t pass through
because of mirror boundary particle exist

with mirror particle boundary



Motion X-direction[m]

Virtual Elastic Boundary with Mirror particle boundary

.- Approaching speed is decrease

<

Fluid particles play the role of
a kind of cushioning material

Time[s]

Spike pressure is generated
by the trapped fluid particles...

Driftage impact force
can be reproduced

Fluid impact force can be reproduced --

N2

vrre T T
— with mirror particle boundary
— with fixed particle boundaﬁyz

only elastic boundary -

D.2 - .

0.1

N L 1

0.2 0.3

0.4

, ;
I O —— with mirror particle boundary |

————— pov0 only elastic boundary

— with fixed particle boundary |

Time[s]






Ovjective

We develop an analysis method that introduces the elastic
body model of the MPS method and show the applicability to
fluid-floating body-structure coupled problems.

1. Taking static load acting on a cantilever as an example,

clarifying the characteristics of MPS method elastic body
model

2. Compare collision experiments and numerical calculation
and clarify the validity of the calculation method

Nifon University Depariment of Oczanic Archiieciure & Engineering



Method

Dominant equation for the velocity v of an elastic body

Dv® 0O
P Dt = @(—ﬁ(;telsg7/75aﬂ T 2:uelsgaﬂ)
p:density, £¥: Volume strain 1. = E P Ev
&% : Kronecker symbol els = els —
Agis Meis - Lameé parameters 2(1+ V) (1+ V)(1+ ZV)

Step : k

XTXL, YTy
XV=XV , V=YV

‘ Fixed end condition introduced
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Validation test 1 —Cantilever test-

static load

Theoretical value

Analysis point

3.00 0.05
. %05 , [ jjoos
“_Fixed particle . Elastic body
I—»x | P I_.y Unit: m

6:displacement,
L: length,
I: Sectional moment of inertia

mgL’
SEI

S =

Density(kg/m3) | Young's Poisson's At(s) Calculated | Theoretical | Material type
modulus(Pa) | ratio value value

Case5-01 7900 2.06e+11 0.30 8.1e-6 0.02 Steel(SS400)

Case5-02 1040 3.30e+9 0.34 8.3e-5 0.15 Polystyrene

(general)

1.0e-6

Case5-03 1050 2.00e+9 0.34 1.4e-4 0.25 Polystyrene
(Shock resistance)

Case5-04 960 1.50e+9 0.37 1.7e-4 0.30 Polystyrene
(High density)
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Validation test 1 —Cantilever test- static load

N A

v T
—
E B A
— o
S 03 y=17134x+0.0061 e -
S .
o D.2 -
= - [ 2 :
P D.1 -
S
> I .
: ”//
|_ ”‘.— 1 | 1

0 1.0 2.

MPS displacement [m]  [x107

Displacement of the MPS method was much lower than the
theoretical value

—>If the same rigidity is input, the MPS method is harder

Give a correction amount to the rigidity value to be input data
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Validation test 2 —Collision test-

Structure Floating object Piston type wave generator

__Solitary wave

X~

0 . 0 ............... ............. — — ?

0.75(0:22 [
0.50

X_I 0.60 2.70 1.50 13.0 Unit : m




Validation test 2 —Collision test-

T T T
E E
S S
! S
£ &
S X N
[ T T T T T
S - . —MPS ]
- — ]:5 O Expl 1
L [ - Collision time ° OOCO: —_
e [ =3
— T D
2 RO 13
o f =
i) - o
[ I o
S L
x P ]
©)
V. I t ! . L
4.4 4.6 4.8
Time [sec]

Some differences in motion
but they are in good agreement
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Validation test 2 —Collision test-

displacement

Rigidity of the structure used in
the experiment :2350N/m

0.05

0.

-

MPS input rigidity [N/m]

#2008
o) " Noos
»Vimpac‘t . L
. Rigid body
Elastic body
89 0.05
y |_]]o.05
L
~ Fixed particle
s

16
| y=0.0027x + 3.6779
14
L2

L0

o | 1 ] 1
2.0 3.0 4.0

MPS output rigidity [N/m]  [x10°]

—
S
b
)
c
[<B)
=
[<B]
O
S
o
2
(@)

——MPS |

U4 L | L L
0.00 0.10 0.20 0.30
Time [sec]

N

e=m(z)

k: Measured stiffness
T :Impact time
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Validation test 2 —Collision test-

Displacement—Mode
t=0.000000

Elastic body

N

Simulation time [sec] 0.38
/It [sec] 5.0X10?
Particle spacing[m] 0.01
Imput stiffness [N/m] 10.03
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Validation test 2 —Collision test-
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Validation test 2 —Collision test-
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Validation test 2 —Collision test-

[x10%]

Force [N]

I

T I T
50— MPS(pressure integral)
——MPS(back calculation from displacement) Pressure-Mode
O Exp. i " sotmen
4 O----Theoretical value W

@ 620N-s 7 | ==

I

Time [sec]

Collision force back-calculation from the
displacement can be reproduced with high accuracy
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Conclusion

We developed the MPS method that can realize fluid-
floating body-structure interaction and show that it can be
applied to the collision phenomenon of tsunami driftage.

1. The characteristics of the MPS elastic body model were
clarified using the static load acting on the cantilever as
an example, and it was shown that although it is
necessary to introduce a correction amount,
guantitative evaluation of the load is possible.

2. It was shown that a reasonable impact force could be
calculated if back-calculated from the displacement.
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