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Fig. 7  Test specimen model with spatial dimension and
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A: thermal expansion, B LG sintering , D: thermal contraction 0.0 I I I I l I I I I I l l N
T T T : T :I T T ? T T T T T T h
0.0 4 i —e— Temperature
— —+— Axial displacement | | 1200 4:' _ 7
E . ~ —— Experiment .
‘i —————————————————————————————————— Tss § \Q( L —— Identified curve
% {800 2 o . Lol
g </ T VA T N Y S R |
g- -1.0 § E |
= 400 &,
: i L L 1 L L 1 1 1 1 | I L L ]
N P S NV S 0.0 400 800 1120
0.0 400 Ly 800 1120 i
Time [min] ﬁFEﬁ
Fig. 8  Heat-curve and axial displacement obtained in a no- Fig. 9 Tlme-Yarllatlori O_f ax.l‘;l '3lspl‘?icedm(ej:’r11‘t}3 obtlalned bi
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Fig. 16 Heat curves in identification analysis of creep parameters
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Fig.21 Errors in dimension of the simulated results in comparison with the measured date for the final
configuration of the sanitary ware, which was taken out of the furnace and cooled down to a normal

temperature. All of the errors are suppressed within 1-2 % with the proposed modeling and identification
strategies.
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);Ci ;egetated zone (Coastal forest) e ° Eﬁ%ﬁ%ﬁiﬁk & |=_| @d—iﬁ O)_;k ﬁ;ﬂ%ﬁ%ﬁiﬁ
(EX) Z=7E
o, C 00 o RIBEFIL (HEHIE) (Ck> CEEHE
— 7 BRFRECEIRTE
~05m Xp=00m Yo =1.0825 15m

Case No. 3D micro-scale flow (Results of numerical flow tests) 2D macro-scale flow

Case 1 0.328 0.344
Case 6 0.543 0.490
Case 7 0.320 0.316
1
0 | . RTHEIKRS S |
. | . T T
,,] Casel 3 Case 6 . 3DDNS o4 Case7 |
. | 0.4 i e 2DSW . “ML . ‘}
— | —_— —_ o X eoe ° s e ome
£0.3 ! EOR-- | } 0.3 | wo padl A R AY 2
~ } j N :.........T’..‘.Q....Q.Oo. i = } {
= oo, etee | | |
%02' 3 §0.2— | e e %02 | |
A ! [ ¢ A [
0.1 'X) eee 00ce00b000000 N ! | @ < 0.1 1 ® 3DDNS |
800 AP Do pap e e gpge o ;4}' & "% 0.1 i i « IDSW i
0.0 . . . 0.0 L . . 0.0 X . —
05 05 05 1.0 1.5 05 05 0 0 s 05 05 05 1.0 1.5
x [m] x [m] x [m]

Nomura, Takase, Moriguchi, KT, LeVeque: Multiscale evaluation method of the drag effect on shallow water flow through
coastal forests based on 3D numerical simulations, /nternat. J. Numer. Method's Fluids,\Vol. 94, Issue 1, pp. 32-58, 2022
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1) http://www3.pref.nara.jp/doshasaigai/sabokyouikucontents/dosya_shinsouhoukai/
2) https://www.nikkei.com/article/DGXLASDG10H5L_Q5A910C1000000/
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v Hyperelastic model (Hencky’s)

1 1
o = 27'“1116 + gan E = 3 Inb = §lnFeFeT W, Mm . Lamé constants

Multiplicative decomposition of deformation gradient: F' — F'¢ F'P
v Drucker-Prager’s yield condition (plastic potential)

\/J2 _|_ np( ) —éc n, & Material parameters depending on
internal friction angle

v Flow potential for non-associative flow rule _ tan ¢ |
V9 + 12tan? ¢
\/JQ )+ p(o ) 1 . dilatancy angle : 3
9+ 12tan? ¢’
In fluidization, damage effect is taken into account
P K if § c—p>0, K = (3X+2u)/3 ‘sedimentation’
= n
0 otherwise. ‘fluidization’
Once the soil moves down, the soil no longer behaves as a solid
but will be fluidized especially in the expanding state.
Assumption: soil loses its stiffness when it loses its yield strength o =~0

[Guo, Faleskog, Shih, JMPS, 2008 ; Dunatunga and Kamrin, JFM, 2015; Pradhana et al, ACM Trans. Graph. 2017]
[Yamaguchi, Takase, Moriguchi, KT, CPM, 2019]
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2021 FEERPRICLD

TEXY—=Fv FRIEAEIE (2A138)

== [Mm]
460 580
" |

IEESY (CKB &,
- BEIEEPT(IIE 39 m, & 138 m /
TP (FIRIEmDFKRIF NS 200 m (EEFZE)
- REENIIRAEEEAE) 4 m (BUNRENE)
- BRIREPERE (EE VS KD

e 0.5mOD7EEEE : IEBHEM &
GTEREIXZEIDE)

o BEANSIRAENEIR T DK DIREE] . BEEEMPMOEEER (FIEIREN
mp /- rheology (CE D < EBESF)L?
- FINERIDENOEA (C KB KIRIEEET

1) ILEEFCER, [RESE, BESRR, ER—, INER, ROFEZ: #BETFRET, 2021, 2) AMtE—: RILKFAFER TFAFRR AT FERIE /N, 2023.
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2021 2A13HORERMIE(ICK B3 T EX Y —+ v FMIHEBIRODBIRAFIT

Elevation[m]

e -BFHAZX 10 1.0m

- RIFEX . 8 (2x2x%2)
- BFfE%l A& : 1.0x103s
- MRSV : 100,000
| Material1 (Base) - *ﬂ?%& . 1400 E
- Material2(Weak) - &FEX :+ 1800 /5
31);.,@v i IMalenalB(Surface) ) g EE }_E._?;& ( 5'%95” ?& 0)’;'—;&)
i pamiliaion s . 5400 5

/ el - AL (=uca>) ;5760 cores
o (cPuo)
- IR FEISR #91.59

Parameters Surface layer weak layer Base layer
YV U 1REL (Pa) E  400x10° 4.00x10° 1.0x10°
ATV U v 0.40 0.40 0.30
R EEH A (residual state)(°) b 3.0 6.5 53.4
N EEH2 £ (peak state)(°) bo 30.9 10.0 57.3
RALANZ B 1) 5 E 8 s 10.0 10.0 100.0
F T Al (R AR 2K (kPa) c 30.1 23.0 300.0
inertial number(Z 31 % U 0.75 0.961 0.75 BT
inertial number(Z & 1} % EH I 0.01 0.01 0.01
KiPE (mm) d 0.0045 0.030 0.20 WEESY DIFABEE & (C 3BICHLE
AR (kg/m3) Os 2,529 2,534 3,000
BRETIVIZIBITAEN w 0.6 0.5 0
BRETVIZBITAER Pa-s) 1 1.0 1.0 1.0
BRET VBTS2 EE @ 1.0 1.0 1.0

1) MLEE#CHR, RIS E, BEFHER, 8RB —, INRR, ROBZ: BT F R, 2021.




1) P RIFEEGAZA: 2021 42 B 13 BREEFEPHIENLRE (ZA4L), 2024,

https://www.kyoshin.bosai.go.ip/kyoshin/quake
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Two-phase modeling of solid-liquid mixture
~Conservation of mass: present study~

P’\w Superposition of two phases

— MPs — (1 — H)Ps ﬁw — pra
p, +

porosity
Mixture like soil Soil grains Pore water Solid phase Liquid phase
Partial densities
Solid D(1-190) e
S s T s O e e
Pw = HpWa

Incompressibility of soil grains

Water DO Dp Utilization of a matured scheme in
phase Pwﬁ + 6 f + 0pwV - vy =0 the CFD community

Incompressibility of water [Y. Yamaguchi, S. Takase, S. Moriguchi, KT, CPM, 2020]

} V- [(1 — (9)’08 -+ va] =N ... Continuity equation of mixture



wo-phase modeling of solid-liquid mixture

~Momentum Balance Equations~

* Momentum balance equations * Partial stresses
ps@s =V - 05 + psbs + D, 5'320/—(1—9)pr,
Puwl =V - Oy + Pubw — P, Ow = —Opwl,

porosity

« Momentum exchange between soil and water phases
[Ehlers, Graf, Ammann, CMAME (2004)]

ﬁ — ﬁE — pwve7

/ N Effect of buoyancy for immiscible mixtures

Interaction caused by the viscosity

) 92'u In a region with relatively low Reynolds number: saturated soil
PE = L (vw — Us), has low relative velocity of the pore water
<
E— 7 \Uw — Ug w~— Us).
k V150 VE  63/2
~ diameter of the volume

Darcy-Forchheimer law involving a nonlinear term for high equivalent spherical particle
Reynolds number cases [Larese, Rossi, Onate, Idelsohn, CPM (2012)] D2,6°

k

~ 150(1 — 6)2



Fractional-step projection method

(1 . H'n)ps ’U;l+1 — ’U;l - V.o (1 . en)vpn—i—l (1 . en)psbs +ﬁ%, . -
At Semi-implicit MPM for
pntl A —— n n solid-fluid mixtures
—0"Vpy, oy 0" pwbyw — DE, Kularathna, Soga, JH (2017)

Fractional-step projection method Many MPM:s for CFD calculations:
Kularathna, Soga, CMAME (2017) ; Stomakhin, Schroeder, Jiang,Chai, Teran,

[Chorin, Math. Comput. (1968)]
Selle, ACM Trans Graph (2014); Zhang, Zhang, Sze, Lian, Liu, JCP (2017)
The 1st to apply to solid-fluid mixture problem

n+1
AtZL JPw ZDS” Vsg ZDW” Uy [Yamaguchi, Takase, Moriguchi, KT, CPM, 2020]
Pressure Poisson eqn. i . . n+1
) T — Pr; (v, ;—v.;)+ Ni(xy)t T+, )ds.
to be solved implicitly 2 Pry- (Wi —vly) s, 1@ty ()
Nn,
/
n+l m™o* n+1
miv = v — At G
int, n ext, n mom, n sl YsI MgrUgr sIJPwJ >
Mg = Mgrviy + At [.f +fa "t K } Jzz:l
<
* ext, n mom, n N,
m?vIvWI WIvWI + At [.f + f ] n+1 n % At G n+1
meva = M1V — Z wlJPwJ »
Momentum balance eqn. = J=1
to be solved explicitly . o .
o Ha(wp):ZNI(a:p)HaI =8 O0r w
mom,n mom,n I I I=1
fs1 — T Jwr NVIAS AWpEI &8
esps ewpw Vi = / Ni(x)dV Map = Z MapNr1ap
ap=1

Mutual interaction force, which should be treated with special
attention [Mackenzie-Helnwein, Arduino, Shin, Moore, Miller, IINME (2010)]
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Yamaguchi, Takase, Moriguchi, KT: CPM 2020

m e - ZFO - FH BAS =3 L —23 2055, 2021

© <
(2]
<
°m Inflow “
0.5m/s
<
(1
m <=
, .
® ® ® ® ® ®
4m 7m dm 6m 3m
Layers (1) (2] (3] (4]
4 DDLEBMBEN SR DR Mass density (Solid) ps [kg/m3] | 2700 | 2700 | 2700 | 2700
Young’s moduku E [MPa] 20 20 20 20
Initial number particle / cell 16 (4x4) Poisson’s ratio v 0.3 0.3 0.3 0.3
Length of ell edge[m] 0.1 Cohesion ¢ [kN] 0.005 0.5 50 -
Time increment At [s] 25 %104 Int. friction angle ¢ [°] 30 30 30 -
Total time [s] 100 Omin 0.7 0.7 0.7 )
Mass density (fluid) (p,, [kg/ Omax 1.0 1.0 1.0 -
: 1000 —— :
m°] Initial void‘s volume fraction 6 0.3 0.3 0.1 0.3
Viscosity n [Pa-s] 1.0 x1073 Average diameter D5, [mm] 2 2 0.5 2
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Yamaguchi, Takase, Moriguchi, KT: CPM 2020
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