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Iterative Cell-wise Solution Method for the Adaptive Analysis
of a Meshless Method
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ABSTRACT

For the accurate analysis of crack problems, considerable nodal refinement near the crack tip to capture singular
stress field with sufficient accuracy to provide a useful computation of stress intensity factor is required. So, in this
paper, adaptive nodal refinement scheme is proposed where nodes in restricted cell regions centered at crack tip are
arranged in array for enhanced spatial resolution and adaptivity. With only cell-wise adaptive refinement scheme
around crack tip fields, singularity of crack tip is sufficiently described to expect a successive crack propagate
direction. Through numerical tests, accuracy of the proposed adaptive scheme is investigated and compared with
the finite element and experimental results. By this implementation, it is shown that high accuracy is achieved by
using iterative cell-wise solution method for analyzing crack propagation problems.
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Fig. 1 Path independent closed contour about the tip of a crack.

olmj W = '[O'dsi HEEANUAY UE, ov $YYE J8l1 n Ao GHMYEE Z
z} ‘45}““‘:} FERARAAN 4 ()2 R AHo] P FRM EAEHA &3 #E} Y
Ehte FAAC AA ol YIFHEoR uolA Aidsted # AFeME °] Z E—‘»"}ﬁ .

%o ZERAEA (6)o FGARY FHoE 5 FAFS (weight function) ¢ & A3t
o2e HEA

Jaid 4 (NI 2o ol TARSY 27 42 L4E 0, LAdE 1 o $A0E
Folstel 1 919 FAAME T RAX Aold FE AN A% FANE Rolst wrold ¥

=3
FASEE g & ddd 4 (7)ol HabF ] (divergence theorem)E & £38to] JHA R ejz Wl
gato] AEatd 4 QD 22 HFY dHHE 48 7 4 Aok

J'= I[W& ,Zu}m qdr %)

ou, Oq
J= L{Ua -Ws, }axjdA ®)
EER=AAN A7te Rl d@ $AGYASE oy A% wHoz AaAyyi¥el g
Agade 3¢ 449 %?47} HAEHER 24 13 24 2 9 Ad7 38 delds 298 4
2% & glek #9ol 9t WA 27 G F 2A 1% 24 27 Am AREE, BA 1 L
A g7} dMse 2A7 93 24 2 e Eass BAV 9
F7H REZE FHEE 299 A JAES o8 4 (92 EdH,

Jo = '[I:W’O'J (O.(l) +J(2))M}n1dr‘ (9

Ox

o = L (o"” +O_(2)Xg(1) +5(2)) (10)

2 (9)& =4 1 329 Az g 24 13 27 FeAgsts FoR FEEE 4 DR
T AT olm A () 2 @ A4 EAE ek

¥

- 609 -



. au() au(l)
Jo = I[W(%U o) - }ndl’+ I[W<z>5,j oy == |n;dl

N L

% axl % o,
=J0 3y JO 4 A

4 DA BA 13 2 o OE 2219 ] e yeAEHE 39 ®A MOV S 4 (12)
S 2ol & % Urh

u® o oD
M = [|wds o0 i o X |y gr (12)
[ % T O Ty |7
1 )
W(1,2) (0'(1)8(2)+O';) ;1)) (1) (2) 0'(2)8(1) (13)
2

ATARS 4 QDAA BA 13 290 A 229 J A2 gt 23885 399 gow B

Jo = _g_ (K®) +(KPY )+ (K@Y + k@Y )+ (KK + KK )

(14)
—JO 4 @ +; (K(”K‘Z’ +K1(1‘)Kf12))
HAFHoz 4 (12)2 4 (14)ZRH A (15)E 4L & Uth
MO - 2 (K(I)K(2)+Kﬁ”Kﬁ2)) (15)
E'

dAsHN e Zed 23 1 9 SHBNAFE #3471 Aol DA JHE EA 27 BRE 19 A
ga ARE K =1, K =09 28& ddst FAL ¢ = maF 7PEEA 2 o st
Q€ F EA 1w Az T 5 Qe A A5HE AN 4 (16)Y BARNE o 11 4
A EA 19 2E T A g3&0AsE 78 5 3o

MO = K (16)
=
K = %M(u) an
Ze wyez BE 24 B 4 (8¢ ¥ 4 Aok
- E o N

2D 4 (18)L o) &3t AN HFed EA 1 o g 4z FHENAFE 7 F
Gtk 4 (129 A2 e AL 4 (192 WasHe AR Ay AEAE Teel A
e A g

0.2) [ 0 ou? o ou o }aq
M = (|0 It o W5, | A (19
Ox, Ox, Ox

j

4

3. urEAXIsHY
B =FdAe 2EIAATY & e fAstod 4 FEa A¥DAdN dde Al AR

- 610 -



S oz Wixlste AEA AM/EE ol g en B Frbel wet FFH A
Bt duwxls £AE A37] $18t Gauss—Seidel & AH&-33iT

3.1 #AXIsY
F99 2 AAGANN A FREES Folm WP YL FA a17) Y3l Fig. 2 9 Zo|
AR AAY FEL MARA AdA FBEES o7 dd FIAVE FHOE = 4Y
49 A9 ZATE AAAL 2 YA U] A @ 27 FFE AL2 Ao 1 WA
o sao] FEHW A 27RAS FUSE WHS LA Bk
Ao A2y FHEL Frlels HAeA JMor PR AT AL F Ub

XN

ol Ao,

0:

< L] o o o o [+ o [+ °m
¢ added node
o ¢ o &® o ® o o© o
e o g 0% % g o o o deleted node
¢ oo o
s o o e
——— 5o 0 0 o o
/ o oo o
e o ¢ 04040 & o o

Fig.2 Array of nodes at the crack tip for crack analysis.
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Fig. 3 Geometry, dimensions and load of TPB(three point bend beams) specimen.
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Fig. 4 Crack paths obtained from experimental and numerical tests.
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Fig. 5 Geometry of double cantilever beam(DCB) specimen.
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Fig. 6 Crack growth path in double cantilever beam specimen using crack growth size Aa. =8
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Fig. 7 Crack growth path in double cantilever beam specimen using crack growth size Aa; =5

Fig. 8 Two steps of crack growth in double cantilever beam specimen using crack growth size Aa; = 5
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