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On the Convergence of the Super-Element Stiffness Matrix
for Problems with Singularity (Two-dimensional cracks).
by
Shoji KAWAKADO

(Department of Structual Engineering)

There is an singularity at the tip of crack, the edge of notch, etc. In this case, it is need to use
a special finite element to obtain stress distribution at exactly by the finite element technique. Many
authors"*¥ have discussed the applicability of stress intensity factors for plane cracks. Tong* has
adopted the hybrid-element concept and the complex variable technique for constructing a special
super-element to be joinning with conventional finite element for tk_le analysis of elastic stress
intensity factors for plane cracks.

The super-element stiffness matrix has been developed for the crack-tip region based on the
hybrid model, which is assuming the stress and displacement by use of analytical values near the
crack-tip. In this analysis, some complex polynomials are employed as the interpolating function of
super-element formulation, so that the convergence of the super-element stiffness matrix cannot be
obtained accurately. Therefore the eigen-values or the norm of the stiffness matrix are used
for decision of the convergence, and some results of the stress intensity factors for centeral crack in
the rectangular plates are shown in this paper.
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Fig. 2 Super-element for the symmetric
deformation with respect to x-axis ; (a)
five-node super-elemeht,, (b) nine-node
super-element, (c) eight-node super-
element
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Fig. 3 Some values on five-node super-

element stiffness matrix and eigen-

values of them under various g's

number, y=0.3
ORFRLD, 742bb rank(K)=(n—2¢) L g LIEW
HITHNOPEMNZ B L L VBHOMIZL TS, %
ZTHHHAERORIMETIICOWT, RE%HEIDOE
FHEHOBELTRKDTAZ L N2IZBLTRERIIZI
Y, N2(n—4)=9 B THHTFIMIREL T
wahryans,

LAY, RRERIEHE BB ERRERELT
BYBREROERCEL DSARE X 2B,
M2 EOBMERE I & D URD I L BB
Eronsd, £ TRETIIO/ VLA EBOTRIEST
FlIOPEMOEET kbbb rank(K)=(n—0) L2 2 T
ERYET 5 HEERET 3.

T3 A @/ v AR KRR

JAl=max(|Ax|/l=}) @
ZZRZiERDRY by
KXoTEHENDY, ThERDLZILIIEAETH
DEREEE2RDEZLDOABLIMBTHE LS,
ROIXEMBLEL/ VA LTHWS,

JAL = (33 a./n)2 =(SA )7

IAl=max(Tlasl) (i=1~n)

JAk=max(Sa.t)i (i=1~n) )
ICW as RITSIAOER, n3T¥ A 2EH
#, ZhenRizW " h b BRTFI E L CEl=1
ERBEIICESLEINRTWS,

Fig 4w 5B BERB LU Fig. 5w s MAERCH
7 3 AT / VA L BBOTBN OBFRERT.

InH&Y, /A K DRREHET B itk
BEMORELHN TS5 L E2 o5,



BREUL2E T IMECK T 2RAERRETIIODORE TS (2RTER) ”

x

m
-

-8 MKz = max [ T tkiji ]
J

K llg= max [/ E(k;;) )
J

0.5. /“‘-—‘_‘-——_’—*_‘_‘
KB =JCE L (k)2 /n
LI

AN pas S Sen R LU MU
8 10 12 14 16 |8 20 22 24 28 28 30 N

Fig. 4 Norms of five-node super-element
stiffness matrix under various g’s

number, v=0.3
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matrix under various 4’s number,
v=0.3
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Fig. 7. Finite element meshes for upper quar-
ter of a plate in tension with center
crack ; (a)a qlate with symmetric
center crack under uniform tension,
(b) ¥5X%5) mesh, (c) (10x10) mesh for
nine-node super-element, (d) (10x10)
mesh for five-node super-element, (e)
(10x10) mesh for eight-node super-
element
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Table 1 A plate with center crack in uniform
tension, comparison of K,=K,/
ov/rc values with respect to sur-
rouding elements, v=0.3

e | reganala [ iangias
0.2 1.055 1.052 1.050
0.3 1.123 1.121 1.120
0.4 1.216 1.213 1.211
0.5 1.334 1.330 1.328
0.6 1.481 1.477 1.475
0.7 1.68 1.673 1.670
0.8 — 1.989 1.986

Table 2 A plate with center crack in uniform
tension, comparison of K, values
with respect to mesh sizes, v=0.3

0.2 0.4
Model A 1.032 1.195
Model B 1.052 1.213
Model C 1.044 1.205
Icida 1.055 1.216
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Fig. 8 Stress intensity factors for center
crack in the rectangular tensile sheet,
v=0.3
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