FRgmE: 10384 K5 EH_
228, 25320061152711 uDC

B R

[ =2 VAZS'S

AELA B 1 57 T B i) T D012 2 T o) A ARl B AR 45
MK TR SV M5

On Discontinuous Galerkin M eshfree Modeling of
Heterogeneous M aterial | nterfaces and Efficient Large

Defor mation M eshfree Analysis of Beams and Plates

Fh A

FSFHFHL: TEHEAE

+ Wz A gHIAE
AR B H: 2009 F 5 A
7L E] . 2009 5 6 H
F153% T B A

2009 £ 6 H






BIXFEFAR IR EE A

AN AT AL SCRANAE F IR T T, JHT 58 BRI 58 R
Ko RNAER LGS HALAN N AR D2 AR IR 1
FE S UG 2 NIRRT SR a A (R TR ST 9T AL o
A G4,

FION s A% TR SA ( DR
RIBFITERER, 3R ( ) W (4D Ao e E
e, fE ( ) SR E S GEAELL EFE S AIHE R

B PR A DT N B A PR ARAT IR AR, n] DAAMERy

)

PN (Z4):
= A H






BITRFFAIR X EERERAFA

ARNFV R TR (A N R 0 4 B2 AT 52 It
VR SR E R B AN FH e 7 8 30, I 1) AT R e WL A AT
AL S COFEATRAT RO, RVFEALIR SCHEANE T RS2 P
W S B PR A B A o AN TR R TR S e SO 42 [
f L A A AR SO A B PR TR R R AR ST AR U
TS B, RATEED L 4 B el ey s B ) A 1 0

KREERR S JE T

( ) LB TRPRE 2 o B OE IR AL 30,
T N B, MRl R AL

C v ) 2.8 %, JEH EIRFRL

CEAEL AN 5 AT “ V7 B AN A2 PR3 A 18 3
Nt OV RSP IR 2 01 e i WA 30, RETE T TR E R
e ST OE R SC A TP AL IR S o BEF RS |, BRIA

B
NATFEAALRIC, BIE ) FIR A

L]ﬂ

PN (B4):
= A H






=

AR T # Bl e/ SR A AR AZ LA IL < RIS 21 T H 2332 1
KRN H o SR M #8 h fi /> — AR BT AERZ AL AL, 230G 1 1R R B REAR G s A 4L
FORLSE I _ERIBESEBRER , LM A ST ) L G 52 A e ) i 2 S SRR S
T PRI (BB » ™ SR T SRAAG I o AR SCRE 8] I A3 e 2R I8 A 72 A £
ERAL B S AR A S ) e AE IR, A SRR A4 R 1
ARGy 1 P BB PR O A T3 AR TP SR A L8 A 1) B M
ARILABL, 2B TE bR O T %7 3 TR 1Y 5 20 TS S ) o 8 i P T BRI A L vk
R AR I AR, FEh BEAT 51N BRI AR A 1 L s B 1 3fe 1 B8 Ry R 1Y
F 10T pR K A R WAL < A SR AR S I L 3 A e ) S R T R 3 i
Ciig A7) 95 1830 o JXRRVER AR AR 54 (110 SR b ALl T 37728 1)
BREEAERRE T _E B BIER o A SO I 50 JLA™ 7R 558 ) UM 55 g 22 ) L 1
T IR R SRR T

ARTLR 55— LA 2 A RIS VE KA 7 i I i M 1 KA T3 B4l
FEFRIREE 1Y R AR iRy A W R 2 o DFIURS BR A 58 4 LA A e P 4 1 i K A 552 o
G eh e BT /N A DR S R i) R o 3 X A ) P4 T R AR R ) 59 T
A EANEACAT B BV AT T R, IR R ST AE I AR A IR L B4 % B H JE RS B
PR BRSS9 AR A TEA T BB B T 8 Y AR ) T Tl e S v e B H
T ROGH MRS o T S ORI BY D) B A i) L, A 59 TR AT RSy )
RFH R B3, RIS BT B D] I RE R BT s ARy, 257 g S R
W1 H G T R AT R o X PR RN B TSI D) B8, 1y TR R
UERE MIATSE M TUHERCR . SCOhFEgngs th T B A AR M E T SR .
fJr L LA SRR A TR ST IAIE T DT ik KR 1

KRB ML IRk ARk JUTIRLdE; REiiy






Abstract

Meshfree methods have experienced substantial developments and applications in
recent years. However, using this method could cause severe solution oscillation when
dealing with the problems involving material interfaces such as composite materials.
The reason lies behind this undesired result is that the smooth MLS/RK meshfree
shape functions with overlapping local supports can not properly model the gradient
jump conditions across the material interfaces. In this thesis a discontinuous Galerkin
meshfree formulation is proposed to solve composite material problems where the
material interfaces have to be appropriately modeled. In the present approach the
problem domain is partitioned into patches or sub-domains and each patch holds the
same material properties. The discretized meshfree particles within in a patch are
classified as one particle group. Various patches occupied by different particle groups
are then linked using the discontinuous Galerkin method where a boundary flux is
constructed based on the flux information from the adjacent patches. There are no
additional unknowns like Lagrange multipliers and special interface functions as well
in this method. The gradient jump conditions across the material interfaces are
accurately captured by the boundary of the neighboring particle groups. The
effectiveness of the proposed method is demonstrated by several typical numerical
examples of potential and elasticity problems.

Another work within the scope of this thesis is to fully employ the advantages of
meshfree large deformation analysis and develop an efficient Galerkin meshfree
formulation for geometric nonlinear analysis of beams and plates. The proposed total
Lagrangian meshfree formulation is for the problems of fully geometric nonlinear
beams and the large deflection beams and plates under the small rotation assumption
that is reasonable for most practical analysis. The incremental equilibrium equation is
obtained by performing the consistent linearization of variational equation. The
meshfree shape function is constructed purely based on the initial configuration.
Through the Lagrangian curvature smoothing operation the stabilized conforming
nodal integration is systematically implemented. To avoid the membrane and shear
locking, the weak form is integrated nodally where the shear and membrane stiffness
matrices are computed via the direct nodal integration and the bending stiffness
matrix is evaluated with the smoothed nodal curvature. Both stability and efficiency

are gained in the proposed nonlinear meshfree formulation. The flowchart for

il



nonlinear meshfree analysis of beams and plates are presented in details. The

effectiveness of the present method is validated by several benchmark beam and plate

examples.

Key Wor ds. meshfree method; discontinuous Galerkin method; heterogeneous

material; geometric nonlinearity; beams and plates
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