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Three-dimensional finite cover method with interface elements
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We propose a three-dimensional analysis method for evaluating elastic-plastic behavior of heterogeneous
media by finite cover method (FCM) with interface elements. The installation of interface elements is to en-
hance the approximation in external displacement boundaries or material interfaces. Then, the performance
of interface elements is examined for the degrees of weight function and the approximation at external
boundaries and material interfaces. Finally, we realize the capabilities of the FCM with interface elements
to characterize the elastic-plastic mechanical behavior of three-dimensional meso-structures of materials.
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(a) Mathematical domain

(b) Physical domain

Physical cover le Physical cover Pz“]

Mathematical cover Mi Physical cover P* Physical cover PI*!

(c) Mathematical covers (d) Physical covers
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(a) Boundary value problem in two-phase materials
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(b) Multi-cover system with interface elements
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Cutting surface

Young's modulus : 200 GPa
Poisson's ratio : 0.3

Yield stress : —

Hardening parameter : —
Finite cover mesh : 40x10x10
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0.1125 mm

#

Matrix

30 mm

— Reinforcement

Young's modulus of matrix : 200 GPa

of fiber reinforcement : 400 GPa
Poisson's ratio of both materials : 0.2
Yield stress of matrix : 300 MPa
Hardening parameter of matrix : 20 GPa
Finite cover mesh : 30x30x6
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(a) Contour plot of von-Mises stress (MPa)
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Model B-0

(b) Contour plot of Effective plastic strain
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HERE A vV NBE LRV —RREEEDD I LT,
BERSA: - EERE DR FTRE R B B R L=,
F7z, COHEBAREMNBEIRE LIZEED FCM 28T %
REBEZROEANIHIZY, BICHEHICEE R REM
BREICBITARAERICEREIN S EEBRKOKRE
R OEEMERRIZ OV TEEMICRFT 21To 7. £ L
TEREZIC, BHELBMENREL AT 5 3 RTsE
EEXRIC, FEEZELZ VW FCM OB % FIR L
7o, LUFIE, AEORE & BERTRBEN OB/ LN
MR EHEIZE DB,

o BN DEABEREMZWHESELREERICCOH
e 72 BRI (Type -0) @M 5 Z & T, FEM
LRIC XD BEREMOHIERFREL 725,

o AFEMEIAE COEAEFRM2WME I I AEER
12 CO /e B RIS (Type -0) 2T 5 &, A
TSRS FEFA L TLEY, FEM & D—
BbURELNT, —EREILERICEKHATE
20,

o REMEIAT COEELMG2HES I AMESR
2 CTlER R E RS (Type -1) 28R+ 5 &, 18
LR HBEEDEENTOh, —iRELFHT
HTLENTE, EENRFEM LORERE b EM
RINC L EBRICHIZIE—FT 5.
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Reinforcement

Model C-1

Young's modulus of matrix : 200 GPa

of fiber reinforcement : 400 GPa
Poisson's ratio of both materials : 0.3
Yield stress of matrix : 300 MPa
Hardening parameter of matrix : 20 GPa
Finite cover mesh : 20x20x20

Model C-2

30 mm

Model C-3

Young's modulus of matrix : 200 GPa

of inclusion : 400 GPa
Poisson's ratio of both materials : 0.3
Yield stress of matrix : 300 MPa
Hardening parameter of matrix : 20 GPa
Finite cover mesh : 30x30x30

B-16 PAMEE 21 L 7 AR ME R TR 2 B 35 3 T8O 3 IRTMENT RS (Model C-1, C-2, C-3)

e REEFZEZHV/-FCM X, @7 FCM OEFY
CT( Ay Vo B HifEMRAT A LT, Y
BRSNS & Uiz 3 IRTHEBMRAENT IcF
NI RIE L 72 5.

AT TR L= 3 RC FCM 1%, OB THBH—
BALBEROAY v FEFIAL, BREMEOMMAE I
LB —RILEZOT A v V2 REAEZTHIZ LT
SERLZZEEEALTEL.

BEIZ, SBROBECRLERRITEL.

o AFRCTIL, EIHERE CORTMESZ 2 TOICH
FEITo1R, BER TORBMERORTE,
RBEBIROBE SO TEEMIZIT O LERH B,

o BEFEM B TOIERIN: & S A RE /e FlgR 2
AT B.

o FRRERFIE DOFAIC X DIEEEE 0BRSS AT RER
ML =R T 5.

HiE

AIFFETIL, BT ETIVOAERL - AIRILEITH 1Y
720, (BB WAL (REBFEEE : AHE=ZK) D
%H%B T, VOXELCON VY7 Ny =T HIEAS¥
WieleEdE L, Z IR LU TESHIWEZLET.
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Model C-1 : Effective plastic strain

Model C-2 : Effective plastic strain

Model C-3 : Effective plastic strain

Loading step : 0.0280 / 0.0800

Min : 0., Max : 0.000453

Loading step : 0.0405 / 0.0900

Min : 0., Max : 0.00445

Loading step : 0.0405 / 0.0900

Min : 0., Max : 0.00161

Loading step : 0.0800 / 0.0800

Min : 0., Max : 0.00605

Loading step : 0.0900 / 0.0900

Min : 0., Max : 0.00827

Loading step : 0.0900 / 0.0900

Min : 0., Max : 0.00418

Max
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