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HEIZEERHRE Vol.28 (20235F5A8)
FF - “A v R ICKDEROBUEREE
Numerical scheme for solid using particle - “mesh method”

ALY

Junya Imamura

HEHI¥S

1) (L) imiFh & T#rges (T 351-0114 £ EIRFSE 1 ANT31-9-803, E-mail: jimamura@ra2.so-net.ne.jp)

In a previous paper, | have proposed a generalized force method (GFM), in which the simultaneous
equation is constructed novel reduction method for the treatment of the continua. This report is part
of research regarding Helmholtz theorem, to apply the Helmholtz decomposition (H-d) to the finite
element method. H-d is, however, in a certain coordinate expression. | proposed an improved H-d
expression called dHd. The dHd includes H-d and other coordinate expressions. That is a multidirectional
FEM concept. The objective of this report is; 1) firstly to transfer the particle-mesh model which is
developed for flow field into solid analysis, 2) to represent the equation for solid in the transfer matrix
which can very easily represent the rigid body rotations, 3) furthermore, rigid body rotation is represented
in above dHd to express by vorticity, 4) propose quasi-C!-continuity element to represent the potentials
in dHd, 5) finally to propose novel locking-free finite element method to avoid so called hour glass mode
caused by use of incomplete n-the order element such as bi-linear element.

Key Words: Particle method, Particle-mesh method, PFEM, Solid analysis, Unit cell method (UCM),
Locking-free finite element method, quasi-C!-continuity element method, Coulomb gauge.

1. BREME M Coulomb”*— ¥ (divu = 0) Ziifi7=3, 72 E2%, H-d OH

(1) BMEER RInbD, FLOEROOLSTH 5.

ARETI, Bt - “A vy all” OEE~OMEAEL R
7~ 5. PFEM (Particle Finite Element Method) 07 i {425
FRTHLH 5.

BEEZRICEEREMRETSH 5. BEFEE S LT
BAFE L7 <KLT—HEAZHFIE> AF—L2BIEL T,
BEERAF—LE2RTHHDOTHD. [1]

BRDRFR 2 & LT <EREMBIORLE, BTV
v < 05 OMEL BKEE, kR, B> 7 2n
by, TNOEHEARETIAF—LTHD.

F 7=Coulomb 7" — 1%, EEXRLEEOT ARUHT S
—JBfiE (=0 OXOfR) TH Y, EHENE - FEEEEICR ST
FENT, FefE( #0 OO ITMZ 20BN H D, ()
Sy R AFROBERMESER, ZOFISTIERN. )

MIHAREES (BEE o ) ITEABOT ARy Extzk L, A
T, AW L RS,

Cauchy-Riemann® BIRAUIMLICEAL T, (y =0 %
ToRT B, HERSICBILTH, WE—2OBIMER AR O
THOEOR) ZWlz T LD ERT 5.

AL O &% E A LT, Cauchy-Riemann® BIfR=
ZOT B BEICH7Z L, #fELocking DRI OO & >
ZHERR L CTI7<.

AFEIL “Helmholtzod EELIZ E - < EEABER D, HIR
BRIE~OEMIZET 24M98” O—E TH H Y, Helmholtz
SR (H-d ) DRSNS D, OO LW RLE, EREE
BARMEE5. [2]

HRD, £FOE 1L, Hd RUTLELE~Z FAES, O
FTHR7 MUY, FIZIERT vy 7 bV Sy
fiFR/RARE, LT HHRTHD.

(2) B#EHelmholtzf# (dHd )

H-d OFRRUE, WERY MVGITEE - TRE 5,
FAMRZ B VIECoulomb 7 — P & A L TR TR,
&, EREREFTITIRMERGE « BENE.

% Z TH-d XAMEE L, EfEHelmholtz2yfE (dHd ) &%
EFELTWD. (11 )

ARET VL, dHd IBIZESHTHEE L TIT< LD T
b5,

PN NV u B ANT—RT U @ &, IV
AT T, Lateral (€) ik 43 & Transverse () 5y
W fRFERT 5 i, Coulomb 7' — 2 (divy = 0) ZfFH59
5.

OFT B bV V O3 iRAUE R, Coulomb s —
Uldivu = 0) &8T5, (EEOXTHS. ) dHd RoRT 5 2 & TR BT A D 5.
FAVBEE ¥ X, 2DDENL - EENR T MV ORRS %

{ RT3 L&A
MAC (Marker And Cell) i1, JERT oy v &g L curlp THET. ZTORERL curl¥ TRTZ LT 5.

© —MHHEABAGEIZS

TCoulomb”'— (divyp = 0) 7=
%t L "CSMAC (Simplified MAC) 151X OT A7 kL

L AT, 2DDFEERITEE curlu TEIT N, Fhit A
HT—D W TETOIL, zZFEIIEAEEN wh TELT,
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curl¥ = curlw* (dw*/dz=0) L L, curlw® = curlu T
HD, ZEBMY, TNRAAF—LATIREERFE 25K
+. 3]

L7 > T curl = curlps (0y3/0z=0) TH Y, i
MBI D 2 FE TOMAIL, 3D~ AL LT LG 5.

Locking-free IR ERIEZIB L T 5. 5EE2 n IKAT
F4Z LT, BUE Locking DWE—DODRKRTH 5, JEtE
22 X % Locking # BT <L, L3560 THS.

WARERR, SEIREF %45 FHZL T, AR
o THEMREMETE 5 L5, B4 n RAEMAAT S
DTHL. (WbPLTT—TTAT— FOPR. )

1X1X1 OHAE /L (UC)%E V5 HALE LE (UCM)
WX B EHHE, DARET VOB THY, 2AF—L0
B AT

5, Vull9OBBmES%EZA L, Locking-free T,
LREHATEB20120%, IUEOFRELEL TS,

9 Pl ED SR A B9 5 02 B Helmholtz 43 fi# i
ThY, &G B OMEN AL 70D,

BB Locking DWW E—DDJFIRIE, LR E TR A3 LA 5]
T, R5ESn WEKEZ#ERT 2 Z LICES.

AFET, ZN5HEMEL CODAITTE 20V O T, Bl
[B]~[B] & f#ai 4 2 Ty

2.  BEER Helmholtz 77, EBBITIZDLEM

(1) Bf&R Helmholtz £ fEED =

TG TR 1R R, BEHRTEN ) — ROFRIER & % R
T YV (@ + W) DU (current coordinates) T#
LT, 22T, H@midioo o ofksz, 1L
IZEB L CEL .

H-d 1%, OFT A7 bV %,
Mgtk LT, R THMBERTS.

Coulomb %7 — > % il

V=V® + curl¥ (div®¥ = 0) Q)

KD %, V=grad® + curl® X°, V=Vd +Vx ¥ TH
RLZo =Dk “BRBHD” hHTHD.

T72bbH, Hd ZEEL THRERTTLH-OTHDL. £
DOFREFENAHD TH 5.

dHd 1%, Q)DOOTHRT MV Ot %E, X((2)T
FRT 5.

V =V0C + VW (divW = 0, Vg0, ¥ = VO) )

VO [ IR O D, FEEMER D TH Y, VOC 1XEHE -
fEsRpy Ch D, ([fT8k2] 2RO L. )

BV T 2RE@)0 & IE# L, B EE LY

F28METETHHEERR

VW T, RFBRIICHE O R 0w /0 x; KT

VY = [Vaiag® Vorra P }

3
VIW = Vg ¥ + of fdW
L 1
where VW = VW 110, 0f fdW =V, ;g ¥ - {1}
1

Lo CHEML, RN@)yTERInDd. (HiEO LS
(2, A < SRR IS & T2 1T e B0l )

V=V +of fA¥ (divW = 0,V 0, ¥ = VO) @)

(2) ARZERR

K(2), (@) IFM N (infinitesimal strain theory) |12
AT 20 ATH 5.

ARGTE R — A v 2 E~EAT 720, FIRA
T B (finite strain theory) 125 9 /3 gz, X (2), RX@)ic
HonwCig, @ALTTIKHDTHS.

HIRETE OWFEIZNAWAREEIRN 5 D03, WUNER
XBMRERICHBEHATE D0ICH L, ARERHRD
ERRUTEM Y CRT O T, R CILAa TR 7 ik :
Ax = AtU IR T %, LRI 5.

() HEEZEHOBE

dHd T, VW Oy GEXMARKSY) & of fdW T
fthl, curl® THRL, TAMTEZshr® TKT 7L, (A+B)
& (A-B) ZIHBAE L AT, VP D2 DIFIET T
DA ELEE, FLWHAETEZERLTEL, FHHELT
17<.

AR, VP D9 Bl ER () OfflAEhE %,
NFRNCESRAMAT T, HEFTRITLH2HDOTHS.

SR L 5 LIkl 95 A%, Cauchy-Riemann BE{%
BRI 72 L, HEHIBRPEMTH 2.

788, Coulomb”— ¥ B3REMIZ BEMEL Ol S h
FUIE, dHd I% H-d 125 L.

4) FRMEEPRFOEEL EDERICLLEM

O IIVEEAE TR L, RF O & IR EICED.

U ab—ya VB GRIE) B, YR DT H L
N EERE Xp ZRRiE L CE X, AL up THHT L TITL.

TR OBERRITIA, B L OB - Bk mad s LT
F U7 FEAE %, R FEAS (Lagrange i) & IE~E, #iERSY
VBRI O, R T EIER - BHER T B O OT % - Ik
hE, EhEnERLTITL.

BNTITHERR (HE) D & DHTHD.
)

7272, K10 BisI3EERE © oA TIER <, hobiE

(@ 1 FHH DK

/\\\7 }\/I/?ﬂ%f, *ﬁﬁk%bi@%%fi‘% LTb\é (Eﬁ%rb D %)j?)é %Z“Ccurl‘l' %{ﬁﬁ@@i‘%f‘i‘%@—
HET LS. )
2
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VO LA TR LI AR CTH 5. D F VITH AR
ThbH. LENRSTT IV NEEOLEN : up = APV T
HY, Vdo=0Th5.

[ U<, AOVIW; 1386 - 058 - BRER T m a2 & o7,
HIEMEDENL w; KT

DFED, u=ViYp THBH. (IMGORT UL ER
7RI, in case (divyp = 0). )

FoT @YV T, THhLMNEREEOEM u %1535,

DFEY, HEMuE, u =wVy; (divu=0) ThH 5.

FER, FAKROFIIViy, =1 TH Y, ftkoix=
wVu; THY, RIS THD. GErLVmRE. )

BT HEIT curl® 7y BEsd 5. EMEICIE shr® 55/ &
AR LN HERT 5.

(5) EHLHANY FILIFED dHd RR
B0, BT MY u OdHD R AERG)IIR L
TE<.

u=Vp®+ VY (divp = 0,Vg0,9 = Vo) (5)

KENIEHRBRERTZDITILETH DN, KT
15 (DC, W) THI OB ZER L, /— RO [EEE
WLTHETOT, RE)DEREHE D Z L1720,

6) HIF—Aviaik
ARET VI, BT “Ayiail” ThY, 1O
FITENBELTH Ay a7 Y —ETHEARN, T

ANERERES ) — Fk OFEEME {x; L &2 FNEh, B
RENOIESL ) — FEL L, 3EIREZE TAHEEKE
E

UCMT, SNEEREFROIMNI L x; 2 5HE L TI7<

DU R SE DPFEMIC L, UCMIZ L 5 AHE IR E#EE
DEDH—DEIL, BELLE N EIZTES.

(M) BEEER

AIRFEHRIET, BEEAL ) — F(ORTA=F) 2 f
HZETHASED.

BATHE ) — FERES “Ayva” offl, BLVELOR
FHZRS WAy 2™ 252D,

Y ab—va VP BIRIREEORL T - A v v 2 DR
15 % A& (permanent address) & FECY, FHABIfR 2 AFEH#EIC
ek L, BaEhT A2 AT (current address) & 5.

BEIRIIEL O eV OELEBRETE L, N
XA w2 h kAT,
MkEA > 2 OREEELVELEZENT, PIHIEAR A

"Ry va7 Y —ETh, MK {Opartice = 0
LU, AEST A=Y (VYparticie %, JAOKLT L
OFTEYFFHE LTI, JLTHATE .

F28METETHHEERR

v VA | ZRHET B ISER A v Vo BT,

S o TAREEMZWIE, BENHERERNDS.

DN R EHE R IIHI O AL VIREE & SRR
b, ERHTES DT, Coulomb” — P &iili7=4 L HIELE
LTi7<.

bt OB# AL, KEHEAT Y7 m(m=0,12, - )
T, RAAMFERE BN TR %KD, &V TCoulombs*
—VERMET LS FUTFEEETS. EOELAET
E

KEFFITIART 5 £ T, BORT S A RE R
FRICKIIS T DR EEEES.

(8) BEs - g

BB TR H R & AENRET 5.

TAX 2T A — bO#E LT IUE, 3R L%
NEJELOX v 7 2T TIETES, Nz HRICEXD
EENERES L.

WAEO A U EE L, BICEE 7L, Az HiGcE
X5EEEIGHAT S, L5 LD

HOHEKE © OLURONERIZIE, 1RO BiRZfES. L
Mo THOBMTHERD ST R X 7220,

ZNHEES curlu & ABTOT 7 shru ORRTH 5.

FEIERGAS Vo 23 AT Z D#LTE N S L L T17<.

9) EBBITIE

ERATHA6][T] (LB TIE[8] & bIEEN, fBEE~ Y
v 7 AE[9] & BRI TN D.

Y, ARTaylor #& 3 CEM O EREAE =R T DK
L, EBATHIABRESRE TIX, Afd Vu; UL EORETAEIC I
WPt G 23 U T {VF;}o (= G{Vu;}) THT.

L7 o, TN D Taylor IO AEIED, {24580
{VF;}o/G TET.

IRAESET, B0 0T HROFRESR & EBATHIAR
BHRD 2 25FoTHEL UK bDOTHS.

BEPEEER L oL, AT IS SN E L, R
BB MV OHE EBITINE) BLETHY, Rk
TR NN OFTH A S HRE RO T, BhikE
FORVETHD.

IS8T A =B DESATIIMBEFE R T4 <,
ISFI DB/ NI THAAT S & LD, [13]

(10) Cauchy-Riemann®BEfR= (HEREHE)

BlELockingD K 132235 % .

120%, EFEFRZLS HIF-ERITRD L, REEn
WEFZTITFHHR TE 2, ORI LockingTH 5.

ZERITEWIZEE THHEN T 50T, b &3
Fb AT HARET LTI #E .

U E 1213 Cauchy-Riemann (C.-R.) @ R % i 9~ 2
Z LTS,

H%E1L(A+B) & (A-B) & 4% (i) 28485 L FECR, W7 D)5
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BRXE2WET e 2ERLCND, EMIRTES.

SF Y C-ROMASRIL, (A+B)ED CauchydD)i /15K
TERIFHRAL, (ABFO METKT X%, R
R L HEFERLTND.

C.-R.DOHERSYZ (A-B)=0 1%, 4 HiT45° JErE[Etin
ZOEABOTHATHY, (A+B)=0 Dk & i
T e HRERTS.

200N Z R -T u ZEET L0, TNEFNE
DLW THRLUBNTYTSON dHd IETH 5.

3. HEFHERF—L

(1) EAXNEZA

YERFROBRATINAE S L, IS L & L, JEMEET
ARV E LT IR R R R T

et —f%m, MR OIELR & EHET, Locking-free
Ax—L%E, FTRT.

(2) Locking-free HERE®E %
SHIKONHER @ BHIZ, ROBRERT MLVOIHE

{(D(zoo)’ ®(020) §(002) §(110) (011) ¢(101)}0
(%) 52Uk B & 97 5.
KISTHH LT 2= L LT, BETRA(ED) I,

ZNzx T,

(D100 (010) H(001) H(110) (011) HOD},
ERET S
S, 8T A4 {GU10), GO, GOV}, ([ HEE T,

ERNEABTOT H (SN0, 001, 0UO0) 0434 %, %
nENRME G2 5.

[FRRIZ LT, C.-R.OfERK Sy 2 (45° [RIRRAEAE R O AT
OTHRN) &, KD DONTA—ZARET,
(©100) _ p(010)) —
(q>(o1o) _ q,(ool)) =0,
(@01 — ¢(100)) =0
D/ AT, BRI LTr<.

(3) Rt EAAEE

SEIRERIC X 2 FRETES b T D
DT, T ZITIEFAREER2KR (BL T AT 1) B OMAE
o, o, ENLHRAMIEZSORIETE X D.

() AT %E s & L, B EOEES {s,n,{} T
T R — R8T A= T s Hm2RE TR,

L — ROBMAEY 720U, s JiIzESy TR
BEaEERL, ThIZXo THETS.

TP IHEMOXG) 2 AF—2%2R_T. (u=W)

GV2u =0 (6)

TAWOT AT @ EHHRT, WIREEIT W EFETEL,

F28METETHHEERR

() THMRERT D,

2u = VO + (shr® — curl®), %)
where V1@ = 0,V;, ¥ = VO

(2) EEMHEHBEOHKEIE

O HEE (VO,VY,) % W¥; OB T/RT.

A R Taylor % 0 W;(x) = {C}o - {1, x,y,2,x%/2,-}T T&
L, 205 DIREE~2 b {CY @I RL, J— k3
FA =X MERK-1IRT. (@ BROFEE )

{C}o _ {lp(ooo)qji(mO)lpi(zoo)

i

Lpi(010)Lpi(110)Lpi(210)
Lpi(ozo) Wi(120)

lpL_(o01)q,i(101),‘1‘,i(201)
lpi(ou)lpi(111)lpi(211)
lpi(OZl)lpi(lZl)

Lpi(ooz)wi(loz)

Lpi(01z)wi(112) 3o ®)

X-1 VY, AEESR
KR A m (m=0,12,-) &L, ()% BRI,
SORIETHENTITL . (Wi, KRR THLW. )

f [6VU - GVU]dQ = 0
Q

)
Gf [VD - (VO — V0, %) + 6V - V10]dQ = 0
Q

2o, THR — REHH ) — FIIZHEICEM L TYT<.
Z DI ) — FRT A — 2 2205835 L Lz,

& B D Locking-freert H D 7= 9121E, (1) 524237k Bk
ETD. Thbb, WOBREST MVOEHENZS.

{q:,(soo)’ ¢,(030), cb(oos), CD(HO)‘ q)(ou)' ¢(101)}0
HIET D /) — KT A= I3EIKEROLA LFL,
{(D(wo)' ¢,(010)‘ CD(001), CD(“O), CD(OM), cb(101)}0
&L, C-ROBEFBAALRFMKICH-LTITL.

Q) IHEEMR S DERIEFE
JEAERSY VOO 1Z(10) CRIE T 5.

4
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1
f [6V - =V} (®€ + 9)]dQ = 0
Q

(10)

TN EFE OO 1T 0 EHR L, FMUERBRNPEE L.

4. BUBETEH

N FEsEY

ROLMERDOFELIEY OFRET, AREREOE
FikE 3. 130 OARERIIHEA 0 TH 5.

B AW 7= 3o 7 % Timoshenko i ¥ Biéa THLAGATe. [10]

TDOET L, HERETIE, HfELockingZdFEi 2 il
RIEELE LCHbh 5.

# PRI 2 Dy, AW E Dy & L, tiiF 7B g w,
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Simulation of Road Flooding in a Plateau
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HEIFEERBNE Vol28 (2023F5R)

Inundation by heavy rain has been occurring every year in recent years. Hazard maps indicate that
inundation occurs on lowlands. However, in the torrential rain that hit the Kisarazu area of Chiba
Prefecture on July 15, 2022, roads in the middle of a plateau at a relatively high elevation were temporarily
flooded. The muddy water that covered the roads blocked the way, highlighting the vulnerability of road
traffic to heavy rainfall. In this study, we simulated the flooding of a road on a plateau.

Key Words : Road flooding, Plateau, Unconscious Bias
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Dynamic Response Simulation by RBSM Considering Geometric Nonlinearity
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Ayane Kikuchi and Yoshihito Yamamoto
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In order to simulate the fracture behavior of concrete structures under the action of a maximum earthquake,
and the behavior of the fractured pieces coming into contact with each other, RBSM considering geometric
nonlinearity was extended to a dynamic method in the following way. That is, it was the same as before
in the spatial direction, and discretized in the time direction by the implicit method using Newmark's 8
method. As a result, it was found that the proposed method can reproduce the large displacement behavior
of a simple elastic analysis model under dynamic loading.

Key Words : RBSM, Collapse simulation, Geometric nonlinearity, Dynamic
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Simplified Three-Dimensional Slope Stability Analysis by using Hybrid-type Penalty Method
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The author proposed a numerical method for the three-dimensional slope stability analysis by using
RBSM with the same input data as the simplified method. However, the ground deformation obtained by
this numerical method was qualitative. On the other hand, to the evaluation of the stability of slopes, a
method for using deformation of slope is discussed in recent years. Then, a simplified numerical method
for the slope stability analysis in consideration of the deformation of slope is developed using HPM
which can analyze stability equivalent to RBSM and can compute displacement and strain. In this paper,
we discuss the outline of the proposed method, and the feature of the obtained solution.

Key Words : HPM, Slope Stability, Three-Dimension, Strain, Ground Deformation
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Simulation of Bond Behavior Between Steel Bars and Concrete Using a Damage Model

MBI D B RRRE 2

Yuto Soma and Mao Kurumatani

DTS RS TEEFEFER #HT o 27 4 TR B
(T 970-8034 f& &R Wb E i L) IR 30, E-mail: soma@fukushima-nct.ac.jp)
DL KRR B TEBERE T & 2 7 o TEEFE R
(7 316-8511 ZIRIZ HIZ A ARIRIAT 4-12-1, E-mail: mao.kurumatani.jp@vc.ibaraki.ac.jp)

This paper verifies the validity of the method for simulating the fracture behavior of reinforced concrete
involving the bond behavior of steel bars. To reproduce the different bond behavior, we first conduct pull-
out tests of round bar and deformed bar and compare the numerical and experimental results. Then, we
conduct four-point bending tests of RC beams with different failure modes and compare the numerical and
experimental results. The comparison reveals that the different failure modes of RC beams can appropriately
be reproduced by changing the geometry of the steel bars without changing the material parameters.

Key Words : Reinforced Concrete, Bond Behavior, Damage Model, Interface
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A Transition Scheme from Diffusive to Discrete Crack by means of the Extended
B-spline Basis Functions in the Implicit Material Point Method

EHE— D R DR O — VSFHE Y
Riichi Sugai, Jike Han, Shuji Moriguchi and Kenjiro Terada

DHALRFER G TR (T 980-8572 B 3IRALIG T & FE X &S 5 4E 468-1 E-mail: riichi.sugai.r8 @alumni.tohoku.ac.jp)
DHALRZE R TSR (T 980-8572 EHUR A T B ERX AT HE 468-1)
VAL A E K BRI EEBRZERT (T 980-8572 Il T B HEX BT I 468-1)

We propose a novel transition scheme from diffusive to discrete crack in the extended B-spline-based implicit
material point method (EBS-MPM). The crack phase-field model is incorporated with the Nitsche’s method,
which plays a vital role to impose an arbitrary Dirichlet boundary condition in the EBS-MPM. Also, to
stably calculate crack propagation in the region subjected to extremely large deformation, we originally
develop a domain separation scheme by means of the extended B-spline (EBS) basis functions. A diffusive
crack surface is detected based on the damage gradient, and the transition to discrete crack is achieved by
using the EBS basis functions. Thanks to the EBS basis functions, we can track the motions of separated
bodies without additional displacement fields. Two numerical examples are presented to demonstrate the

performance of the proposed method.

Key Words : Crack phase-field, Transition to discrete crack, Extended B-spline, Implicit material point

method
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Traffic Noise Simulation for Roads, Railways and Aircraft using VR technology

EEILFnF

Kazuo Kashiyama
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This paper presents a noise evaluation system based on VR technology. The geometrical acoustic theory
is applied to the traffic noise simulations such as road, railway and aircraft. The system exposes to the
users the computed noise level with both the auditory information using so road, railway and aircraft. und
source signal and the visual information using CG image. The computed results are compared with the
measurement results in VR space. The present system is useful for planning and designing tool for various
soundproofing works, and also for consensus building for designers and the local residents.
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Nonlinear Computational Model for Predicting Flexural Fracture Behavior of
Reinforced Concrete Beam Based on Beam Theory

LA JhRAE Y
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A nonlinear computational model for predicting flexural fracture behavior of reinforced concrete
beam based on Euler-Bernoulli beam theory. The bisection algorithm and Newton method are
applied to solve the respective nonlinear problem for the neutral axis and equilibrium due to the

material nonlinearity of concrete and steel. After formulating the four-point bend problem of

reinforced concrete beams based on the Euler-Bernoulli beam theory, several numerical examples
are presented to verify and validate the proposed nonlinear computational model.

Key Words : Beam theory, Reinforced concrete beam, Nonlinear problem, Verification and

Validation
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Landslide movement characteristic analysis using simplified RBSM3D
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SlopeRBSM3D was developed as an easy-to-use three-dimensional stability analysis for landslides by
applying RBSM. We used SlopeRBSM3D to analyze the large-scale the W-landslide occurred in 2017
in Ooita Prefecture. In this landslide, we improved SlopeRBSM3D so that the value of the slip surface

spring can be changed for each column, and tried to analyze the slip displacement direction. As a result,

the actual displacement direction could be reproduced by changing the spring ratio in two major areas.

Key Words : SlopeRBSM3D, Three-dimensional slope stability analysis,Landslide
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Shaking table test and effective stress analysis on dynamic behavior of sheet pile quay walls
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In order to clarify the dynamic behavior of steel sheet pile quay walls with ground anchors for seismic
reinforcement, shaking table tests were conducted using an underwater shaking table. Effective stress
analyses for the shaking table tests were also conducted to confirm the reproducibility of the seismic
behavior. Furthermore, effective stress analyses were conducted by changing the installation position
and angle of the ground anchors, and the effects on the displacement and bending moment of the steel
sheet pile quay walls were examined.

Key Words : sheet pile quay wall, seismic reinforcement, shaking table test, effective stress analysis
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Analyses of Discontinuous Rock Mass by DDA
Implemented Water Pressure along Joints
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The interaction between a rock joint and water strongly influences on the stability of rock structures. For
example, Malpasset dam in France collapsed in 1959 because the foundation rocks were washed away
due to high water pressure in the joints. This study proposes a coupled Discontinuous Deformation
Analysis (DDA) and Moving Particle Semi-implicit (MPS) method to solve complex solid and fluid
interaction problems. The interaction of two methods is achieved exchanging the configuration of solids
and the water pressure in the process of alternate calculation. The developed code was applied to the
analysis of dam foundation and rock slope, and the results show its potential abilities for the application

to rock engineering problems.

Key Words : Discontinuous Deformation Analysis, Moving Particle Semi-implicit, Water pressure
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Implementation of 3D HPM tetrahedral elements
and examination of applicability to concrete crack analysis
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In order to implementation tetrahedral elements to three-dimensional cracking problems using hybrid
penalty method (HPM), which is capable of cracking analysis of concrete in two-dimensional analysis and
its accuracy was verified. In addition, crack analysis is performed using a constitutive model that considers
crack fracture energy, and its applicability is examined. .

Key Words : Hybrid-type Penalty Method, Discrete Crack, Concrete, Tetrahedral Elements
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Hydraulic-Mechanical Coupling Analysis of a Carbon Dioxide Capture and Storage Site
on Stability Evaluation under Earthquake Motion by Numerical Manifold Method

e ARV, Y8 )| TEHED, RS —RRD), FBAHURY

Takeshi Sasaki, Shigeo Horikawa, Kinichiro Kusunose and Ryota Hashimoto

1) T Jra—arhrg s K (T126-8622 HITHANT H X #71-8-9, E-mail: sasakit@suncoh.co.jp)
2) pra—ar Pz MER) (T126-8622 HULARIT A X £.71-8-9, E-mail: horikawa@suncoh.co.jp)

3) HRfE PEERINREA
4) fEA(T)

FeAT (T 305-8567 7&Kk %> < 1ETi1-1-1F 557, E-mail : k.kusunose@maill.accsnet.ne.jp)
AR #eBd% (T 165-8530 HUAT 1 P A X LT KA, E-mail: hashimoto.ryota.6e@kyoto-u.ac.jp)

The authors’ conducted a hydraulic-mechanical coupling analysis using the Numerical Manifold Method
(NMM) with the introduction of the Drucker-Prager’s elastic-plastic yield criterion to study stability
problems in the seismic response of a carbon dioxide capture and storage (CCS) site models.
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Disaster Simulation and Computational Engineering
How to Simulate Solid, Fluid, and Evacuation
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Norio Takeuchi
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Computational mechanics has become widely used to assess safety. On the other hand, there are various
possible definitions of safety with regards to disasters. If the ultimate goal is to save human lives,
conventional mechanical simulations are insufficient, and simulations of evacuation behavior are
indispensable. In this presentation, I will discuss one way to link these simulations.

Key Words : Disaster, Simulation, Solid, Fluid, evacuation
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