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Nonlinear 3-D crack propagation analysis with arbitrary crack shape based on a
remeshing technique

Okada, Hiroshi
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MDP-FE

MDP Mesh-independent Data Point

In present research, a new numerical technique “ MDP-FEM” for large deformation
elastic plastic analysis was proposed. In “ remeshing” which is often carried out to avoid excessive
element distortion , “ data mapping” of strain history dependent physical quantities such as the
stresses from old to new finite element analysis model Is necessary. This course of investigation
proposes the use of MDPs (Mesh-independent Data Points) which are distributed over the problem domain
independently from the finite element mesh. With the MDPs, the data mapping is not necessary and
arbitrary remeshings can be carried out.



B X C—19,. F—19, Z—19 (tm)

1. AFZEBRAE S D =

BIfE, BARTIHETFI#SRESND
FOLX—HEER, BHGERCEREICRE SN D
HEHA T T AT I F v —DORELN
WEHoOoH 5. HlxiE, ENFEFHREEFOD
% < 1% 1970 FERUCERR S, ERRAE LA
ITLTWA. F7o, WA & E S H I EHT
BRI 00D 40 FELL BRI L Tnd. 2
D DT RILXF — OB A 7 T A
o7 F v —ITEL TEIRLRNVLEDTH
D0, FRAEACIZ X D 2258 DM SO O fi [
PENE 2 BEE 0 TH D, HRUCH 2 WS
T, IRTRY ZOERIATE T & OFEHEN
HELTND., FBPICEER T 2L —i
WAL T TANT T — O ERE A
FRERIBE T2, FHRBE D %2 A
AR EM T T 2 A 2 Ml e R &
MTHNKREFERTHD. Frlz, HEoxsl
S % W U RN 9 2 5 AR ) AR AT X
REBERZEN 2R+ THAH. EHED
R X DHEERE 2 OIS TR L, SRS
2% 72 O FF R AR T) N 13 G KRR &
R CE Bz, ZkooEEm E gL
L7200 1R BN L D & 2k AR
BriZ DWW TIE— RIS HRIE B AR AT 12 D
TIThi, RWFEOREHEICL S BBEBER
U Ay 7AW D &SRB S
DEFFERE (& cmk(1,2D) ARz kv ER
B3V, 2o Xk oz, FHERISHERE R
Lo T, REM X ZHREEITICN L TE
R FRIAATREIC 22 0 oo d 5. RRAFREE
MO « AT AFHENL R I3 L TR
B RRBIE AT EAN & LT, A% b3
ERHfEIND.

2. WFEEOHW

AR EE ) AR RN R, % ko
ACHMPAHER S, — Rl E S
NT&E7z. £IETHE, JEREARESRES]
REEGA v V2B, HOWEY AT
Feafi(1,2] 236 U= =k s b o (57
RIS NERE) &SRR IR X 2R
N o7,

& AN, ZIRITCHEIEM IR D Bkl
OFHCHEIIL, B & RSO RETR -
WYAMEET L WO IERIEEE A L, EHicE
S AR S =R E 72 Hh I 2 72 B 7p B
KRN RIETH S, = koorthimz2a
T DIRHTE T VAR R EE 72T TR, M
BHE R TERRBELZTLEL T LER’D
L, XEERICHESI U A v S THIBE
FAEFRAT € T L O #i 280FFE WSE ~
AT D (K225 720, BRERE
EHREREMATET LV CRIETCERLIAR
5. Ak, BIREZREMTET vV (FIRESR)
17 B (B EAREEONRR)” L
PO OT-0DHLDTHS.

RNy 7L, BERBREOGE” bA
FRESRIEMATET L (ARREEFR) ITXL > THT
PNTWATOIZERBERY Ay vy

MTERNZLEIZHD.

3. WrFED I

AL TR T 2 RHHE TIETIE, ARBE
FOIBMERE L, AHFSE C Mesh—independent data
point (MDP) & BES, AFEFHIZHEDIA F i,
L EHICBEIT S, ARERITMNLZR S
FEDME S . MDP X =ROeZERINIC AN, &
HWVNET X AMIELE SN RTH Y, £
BRI EE 7S T 22 T . 2o, %
O OREITARERIEA v v a AT
BMETE, 2, VAT %ITH>TH MDP
DOBELE AT,
RO E4T 5 72D, P & AR
EXEOMTEEBRAEZETHEED~Y vy BV
THEATHOMENS D0, AREHE E 13 H
L7 W R/ B RIESCB BN D B #iEE
s, P OEEBEZEEOT » 77—k
IZMDP (2B D OT IS EITH 2 &
MNTXD.

ek, REWAHEWRAET HHRERE A
v aDPNBEMEHET HHIEE LT, U A
U TNBRASNDGERH DD, IS
EEWBIREICAKTT 2WEEIIARELZD
R CREFT 5. —fIZU A v 2 DFRIZ,
TRHINN EMEEEZ Y A v 2 FiDOH
S %2, @A RICT S, WIS, SiEND
AREFREOIIRBEEIC L i 2175 2
LI E o TC, BHINT-ARERIEMITET
LOEEICB LTV, ZoLx, IILWA
FREESBIEMNTE T VO RICE 2 b
INVAEABLY/EES ORI S & <N (KPR AV 7))
AR IC KR S D . — I — kB &
DIRK BB S T 5. EFIETIE, wH
BEWMEOERE L HICBEIT S, ARESHE
A Y 2 [N MDP TF 7T ¥ 2 I
REFT 2720, TS B & D22
FRAGRE DAL L7200,

FRoORBICHEKSX, BHAERY A v
VT E D RETFEM BLIERIE AT 2 H 5 <
[ ZWRTTEE RN & Z o IERICE RGN %
AR T B 728, “BEE(L - B3 XOfES”
HRe & “BIERETLIR” WeEN b L7, #r
L WRZETE OR BHERIERIBE I %9 58T L
WEHEL ) 2 AR TR L C & 7.
F72, TV TAFEETIE, TR
J MVHET AT T U AutoMT ZFIHL, 7
07T NEBEEEOR L FHEEE DR
HkEX->7-.

4. WFFERR
(1) BEFIEOEH

LU OIZ, AW TIRE LT Bk T
TV RLEK TITRT. KRFEEOREIL,
ERBREIARTF T 58 EZ ARESR
DR (U RAK) Tk,
Mesh-independent Data Point (MDP) & Hf
5, MEoOERELE BB T H AT
Lagarange HJIZZEEIEIREIARITE T D& Faip B
mERFTHIETHD. DD, 212



AT XD ICHREREMITET L (X 2(a))
EIFMNAIZ MDP A FdE (M 2(b)) L, MEIX
K2(c) DEHICEHRVEIHLDTHS.
BT T Y Bl E O HIRA K
VAVERENT 2 T HICH-0 , K1 DL H T,
BNHE Sy, BNy DR, O3 25y, A
VL EARER O A (T T A ) 5> 5 MDP
I~y B 7 L, MDP | TS /108 O 7,
MY EHYEOT 7 EOERIBREICKGET 5
KFEMBELEHTDH. IBIL, BH LY
HEFRES AT vy 7 THIE<~ MY v 7
AxHERT HI2OICHREROF A (F
AE) Ry BT TONERDD.

Computations in one incremental step N e ——————
.. FEM computation Computations
based on the finite elements

]

the

Equivalent plasiic sirain: g 4
by applying the constiiutive law
T

Updating the mesh geometry, positions of MDPs

the

‘Next Incremental stap

[

M1 REFEORFTT VT Y XL

2440 L4 4

I,
H N N N

% (Mesh-independent
i{/AData Points (MDPs)

Finite

»
(a) FEM =5 /v

VLI,
| 9 6 &
P
BBl

(b) MDP D&

e
N

lesh-independent
Data Points (MDPs),

(¢c) FEM &5 /L & MDP O &
4 2 AIREHFEA v apElL MDP
(Mesh-independent Data Point) Dt &

< v BV IR — kB RV, T
— X2 &bz 58 (MDP £7-I3AREZEDOESY
) EHOIC RPN B K 5 TT .
TR, HHT LT —2E2HTHT—X 8%,
T—HX %52 5O BETINET D HLENR
HoH. KT, T—HX%5258%0E
WCEDAREZRORIZ-TEL LR ET HER
N DO DOT—F W=, Thbn ko7
DT EERFIETIIY T T L
S VTV T HET AR5 25808
FOWTK 3ITRT . T — 4 505 MDP 2V RR
BEEDOED R THDLINURD LT, T—HD
BLEZ (T—F~yt ) 13a< Ak
HDTFT—=ENLHOFT —Z~D Rk /NE
R~ BT EEATS. Zhucky, W
FTIRER UM 7V I X LEMEHAT 5
ZEMNTEXB.

N o : Integration points
o ANy ®
e oo * x :MDPs
IV IATIEN
Ko = eNj/e s oW |} :Sampling region
L T
2 \ax L oo ® 5
L oor 1 .o .| X :AnMDP to which
a AN\ oloy/ 2\ o the data is transferred
S x % . ® :Sampling poinis

@: Integration paints—> x : Aenmpp  (Integration points)

(@) =% : MDP Yo7V 75 Ry A

& S E AN~ o
DN CLE NS L)
=/8)€oe | eo%e x| x :MDPs
sif B \egor/ N .
‘® @ @ R 5
e ¥ o
N\ e 040N ©
. a G;’,}'“ "'fo‘ > .| @ :Anintegration point
to which the data is fransfermed
: Sampling points (MDPs)

© :Integration points

ing region

ofoy/ N e

o fo%
LY O x L L)

x: MDPs — @ : An integration point

() =% 8 Blims Y7V 78 MDP
K3 T—XabzBHLH T8

(2) FLHEL < ORI~
ERFELE, BIREZT DO O
MREISE A L, AWFFECTIREE - R L TS
T FEOFI 21T > 7. BlREZZ T DAL
Z DERFEM 2 4 1R T

Prescribed displacement bed nt

1/8 model with
symmetric conditions

Prescribed displacement
M4 BliEZT, < ChWER %2
A9 D RO R

VIHOIEW P EX t O t/WE4EE (1,
1/4, 1/10, 1/20) %€ LT &2IT>72. /W
= 1 OBEORRERIEMITET VER S,
BRI AEOY < E LITENEILURT.
BIREREA v 2 DRE S EZ, =FHE
DOFENTET NV Z UG L, BIREEOHEN
M RICRIETRELHRE L. S5,
MDP-FEM D #1235 453%] & MDP DELE % [X] 6
R, K6 Hhnd L 91T, MDP Ol
BEIIARERIEMTET VDA v 2 2K
ELD BN ZEELTWS. MDP-FEM D]
A PR R IEFRATE 7 VI A (R R VAT
ETNADH L, RLMARBERSEIOLA L
CThsb. LL, MDP OREEEEE A f)<
T 5 ET, SHEMBLE O D2 W Rt
DHL 2D FERnE 2L TV,
PRS- O T 2R %2, —FEOHF
[RERIEMSTET VEHBEH LR L
MDP-FEM D#E Rz Nz, Mg (MES [*])
X TIRT. 6, AT A0S 38. 8%
TOAHREREMHT & MDP-FEM THE-AF &
YOS B O Z K 8 & X 9 (2R



9. X7 Tk, AW CHEM L 7-EE OFR
BRIEMRNTIC L D ARG — AF O B8
12T, HWA > > a24%E (Coarse mesh) T
AT 0.3 LLE, I A v 245E
(Fine mesh) TIZ0.33 DL F, HbHAMlA A
v 243#E] (Finest mesh) TlX0.35 LA LT
NFROT B O EENNZAE 5 AFRIES TT O 3
#i< 72 %, —J7, MPD-FEM ZHAWI=H48134A
RIS ST OB DL 22D Z 1T 7.

(@) #l72 A v = (Coarse mesh)

(b) {17 A o= 3% (Fine mesh)

©) wbHMIANRA v 245% (Finest mesh)
5 PEE < OCNREENT O 7= D
IR ERIEMENTET L

(@) MWAIE  (b) MDP o4y (O S ORE
e o DA BB
EREMTE W AT E 71
L MDP D&
X6 HEE < OB D= D
MDP-FEM #J#ifi#tT=€7 v

£ 1 AMRERIEMTE TV ORE R E
BHEBOY~Y (/W =1/1)

Element Element
Type of nl:lr%tgler nu;rncgglr of size in the size at
model of nodes elements location of remote
necking location
Coarse 4585 2878 0.2 0.2
Fine 21025 14182 0.075 0.2
Finest 263136 186253 0.025 0.1

1.2
g 1 T T T =
-]
2 08 —Primary Path \!;
%08 +—
e fF e Coarse mesh S
£ _ RN
2 0.6 ====-Fine mesh Y
° N .....
% 0.4 +— - — —Finest mesh NN
£ — —MDP-FEM A
02 +— =~
2 — =okazawa paper

o

o 005 01 015 0.2 025 03 035 04
Nominal Strain

B 7 ARSI OT AR (/W =1)

OB, BlxiE, K8 (a) OFHWA Y
> =2 (Coarse mesh) ZFHWFHEEDO X v
2 BN ROND L)L, KUONEOH
REZENKE AT LEY, <ONEDE
Prig 7o Wrim g 2 RBLC&E < > TL %
STETDIZEAELTZEEZ LD, DN A
v a45%E] (Fine mesh), BN A w3
= 457%] (Finest mesh) @ XL 9T FE4E||C
EBEEK (K 80b) & (c)) THRERZ, <
DI OARERDOFRERZDRKE AR
T 5 Z & CRATH 72 Wik UG & 151 TV B

—73, MDP-FEM Z W= 35410%, X 8(d) I
RonasEo1, VAvvarERTW D
ET, RELMOTZ & 5 R AIRELZDIFIRIC
7259, Wi iHE 2 I KB L T\ Z &
NHREE b s, o=, WrimliEic X
HOFRGT] GEE) ORI 72 b TSk
e g 5. s, FIHOWRE t L iE W DD 4,
10, 20 DFA HIENT LTV DD, [FREZe s R
EETW5.

P ONIEORATRE R, REFIE
ZRRALZEHBERY A vy v THEEIC
£V, BAIREFROKERITHLIK T 2 MRS
DIRTFZMMATHZENTEDLZ LN
7.

(3) =ZME~DH

IHI, M9 TREEHEAT DM
O IRV R ZETE MM 2 8 O A R FEiE
(C-FEM) & MDP-FEM T3 L7-. 10 IC#
THLEICHE A L B RERIEMTET L,
MDP-FEM T{#iffl L 7= MDP 0453, & HIiZ, fiR
MroEREONTZABOTHEEFRIELE
faf B REAR 2 7R, B 2 ) BT T R & AR
RIS DOFETHRI Z & TESRLEZIT-> TV
B RBHZ Y v 7758 206GPa, AR TV U H 0. 3,
WIHARER IS /T 250 MPa 2K E LT-. #Ieaik
ZRE L, INTAE{EfRE % 20. 0 MPa & L7-.
EWHIEIRIREETH o T272 0, A0 &4
0.003 DL ECTHEITERE L &I LT
5. BEOFRERIEICLS O E MDP-FEM
WCEDHLDTEL —HLTWD. &R E2HT
LA Th, MDP-FEM TEMRMIRZEY 2 KT
BT CE2EEXD.

UL, ZZE#TEE Tl MDP-FEM @ X 5
fENT CHIFRE LT EE 2155 Z &N T
Teino T, BUE & SRR R O ST RS LI B
THRBEOMREK D & &b, SRR
W17 5 T2 OSREIRENEI TR TH D, &
AEWVVEER, ERERMNTZ I T 5 A
LThD.



K i
P (D)
IS ARG
e 0 A
IR DN
o A
IS DAY
AN i e
gl e
%

.(c) C-FEM (Finest mesh)
8 EI LFHBMEOT oA (AFO
7% 0.388)

(d) MDP-FEM

Prescribed displacement

x *

L

)

Surface crack

1mm

10 mm

10 mm 5mm

9 RE L7 RO & R AE

() FEM £7 /L (b) %K

x MDP-FEM

[TTT]

oC-FEM

001 002 o

001
Nominal strain

(b) MDP O#1H# () AFFOT Zx-
i i IER b B RER
10 i X AW CRA L 7oA IRERE
fighr &5 /1, MDP OFJHIELE, f#tT 5
BT A0S B E B LA ERIAR

DFELD

AWFGEOMFFR RN, RFIEOIRE L Z1
(CEE S < RE T YBNEA [R R IEMNT 7 1
77 LOFE L, BIERNTIC L 2 IR—EFED
HFRMEEZHR LI THD.

LA L, B8 ) SR REMEAT C I3RS B I
NHD. TOMRESZLOBRBELETH.

<G H3CHER>

@O 8. Kaneko, H. Okada, H. Kawali,
Development of Automated Crack

Propagation Analysis System
(Multiple Cracks and  their
Coalescence ) , dJournal of
Computational Science and
Technology, Vol. 6(2012) No. 3,
pp.97-112.

@ H. Okada, H. Kawai, T. Tokuda, Y.
Fukui, Fully Automated Mixed
Mode Crack Propagation Analysis
based on tetrahedral finite element
and VCCM (Virtual Crack
Closure-Integral Method),
International Journal of Fatigue, in
Press, 2012. (Available on line April
2012)

@ N. Sukumar, D.L. Chopp, B. Moran,
Extended Finite Element Method
and Fast Marching Method for
Three-Dimensional Fatigue Crack
Propagation, Engineering Fracture
Mechanics, Vol. 70 (2003), pp. 29-48.

@ H. Okada, S. Endoh, M. Kikuchi, On
Fracture Analysis Using an Element
Overlay Technique, Engineering
Fracture Mechanics, Vol. 72 (2005),
pp. 773-789.

5. ERRBRWLE
(AR, TR R O 1
)

CdERSRm 3 (it 2 1)

@D Hiroshi Kawai, Kohmei Satoh,
Yasunori Yusa, Takayuki Uomoto,
Ryuji Shioya, Hiroshi Okada, AutoMT,
a library for tensor operations and its
performance evaluation for solid
continuum mechanics applications,
Mechanical Engineering Letters, &3t
A, Vol. 1 (2015) p. 15-00349, doi:
doi.org/10.1299/mel.15-00349

@ Tetsuya Koshima, Hiroshi Okada,
Three-dimensional J-integral
evaluation for finite strain
elastic-plastic  solid  using  the
quadratic tetrahedral finite element
and automatic meshing methodology,
Engineering Fracture Mechanics, #&




@A, Vol. 135, pp. 34-63, 2015. DOI:
dx.doi.org/10.1016/j.engfracmech.2015
.01.014

(&) G 11h)

)

gART), R, VeRBER, WAt
] AR, T LWBEERFFFEZEA L
T REFRARERIEIC X 5 = 20 EMRE
Br, % 21 [l FHE LS, KB A
v CHriRIR - Brikiti), 2016 4£ 5 A 31
H.
RS, PepleEE, AR, [ AR,
BrLWERBEORFEFIEZ WA
FREZRIEIC K DL < QU O fgAT,
% 28 I8l FHEJ) Tk (CMD2015),
RRIRE LR (A1 B - Bk Tli), 2015
10 H 10 H~10 A 12 H.
Hiroshi Okada, Yuki Wakashima,
Hiroshi Kawai, Interaction Integral
Method for Arbitrary Shaped 3-D
Cracks and its Application in Crack
Propagation Problems, 13th U.S.
National Congress on Computational
Mechanics (USNCCM13), San Diego
(TAVUA), 200647 H 26 H~T7 A
30 H.
R Hz, PRk BERH, B, Bl
WETEIBREORFFFiEZ W AR
FIEIZ K 2 RETEHBIEMATICEE T 2
fffge, &5 20 Bl R kS, o<
TEBR SRS (KIS - > < T, 2015
6 H8H.
Yuki Wakashima, Hiroshi Okada,
Hiroshi Kawai, 3D fracture software
system based on ordinary finite
element method with minimal
meshing effort, PANACM 2015
(1st.Pan-American  Congress  on
Computational Mechanics), 2015 4 4
H 27 H~4 H 29 H, Buenos Aires (7
B F ).
S BE, [MEm, WEEE, 7 F T
RICL DA EEHWTZREGE—
RIS TJIERARE DFH R & = SR AT
(7 20T 5EHDOMNT), HARRE
e 27 BIEHE ) FHEH S (CM
D2014), 2014 4 11 A 23 H, HTK
7 CaFR - BT .
Yuki Wakashima, Hiroshi Okada, On
mixed mode stress intensity factor
evaluation using Interaction Integral
Method for the tetrahedral finite
element (for cracks with kinks), ICCM
(International Conference on
Computational Method) 2014, 2014 4£
7 A 30 H, Cambridge (1 VU R).
Yuki Wakashima, Tetsuya Koshima,
Ryutaro Daimon, Hiroshi Okada,
Hiroshi Kawai, Stress intensity factor
evaluation for three-dimensional crack

with minimal meshing effort, 11th.
World Congress on Computational
Mechanics (WCCM XI) 5th. European
Conference on Computational
Mechanics (ECCM V), Barcelona (A2
A1) 201447 H 23 H.

Yuki Wakashima, Tetsuya Koshima,
Ryutaro Diamon, Hiroshi Okada,
Hiroshi Kawai, Stress Intensity Factor
and J-integral Evaluations based on
Automatically Generated Tetrahedral

Meshes, ICCES'14 (International
Conference on Computational &
Experimental Engineering and

Sciences), Changwon (#[E) , 2014 4E
6 H 16 H.

Hiroshi Okada, Ryutaro Daimon,
Tetsuya Koshima, Yuki Wakashima,
Three-dimensional J- and Interaction
Integral Evaluations for Unstructured
Finite Element Mesh around the

Crack Front, 5th Asian Pacific
Congress on Computational
Mechanics & 4th International
Symposium on Computational

Mechanics (APCOM 2013 & ISCM
2013), 2013, > HR— (V' HKR—
L) , 2013412 A 11 H~14 H.
Tetsuya Koshima , Hiroshi Okada,
Three-dimension J-integral for Large
Deformation Elastic-plastic Problems
Using Quadratic Tetrahedral Finite
Elements, 5th Asian Pacific Congress
on Computational Mechanics & 4th
International Symposium on
Computational Mechanics (APCOM
2013 & ISCM 2013), 2013, ¥ > HHR—
v (o HTAR—), 20183412 H 11 H
~14 H.

(K] o)

(PESERA PEHE]
OiERDL Gt 0 1)
OBAFIRIL (F 0 )

(Z Dfth)

6. HFFERLRK
(1) WFFEAEA

W # (OKADA, Hiroshi)
SOURERRL A - B TS - B

98 %5 : 50281738
(2) W5y
(3) ELEEMF I
(4) Wrgeth /i

ki F]
pad
12 i

#ih
o
e
ot

KOSHIMA, Tetsuya)
WAKASHIMA, Yuki)
UOMOTO, Takayuki)

(
(
(
(SATOH, Kohmei)



