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Application and accuracy of basis functions implemented in a patch-by-patch approximation of

mixed-type finite element
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The present paper discusses the accuracy of patch-by-patch approximation of mixed-type finite
element scheme. In the approximation, not only a displacement field for each element but also
stress and strain fields for each patch are defined. In order to determine unknown parameters of
stress/strain fields of a patch, the Hu-Washizu principle is employed. In this paper, the accuracy
of the generalized finite element functions implemented in the proposed approximation is shown.
Furthermore, to show the effectiveness of the approximation in the fracture mechanics that have
singular stress fields, the approximation is applied to linear fracture problem.
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0.5 | 4.68E-06 2.61E-06 2.61E-06
0.25 | 8.81E-07 6.18E-07 6.18E-07
0.125 | 4.08E-07 3.96E-07 3.96E-07
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B—7 kK- 4 kY, EFMM OfEix, Tris ofb b
LA REE 2 AT HREEY, Tl L I12IFH
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EFMM D151 2 RGEHR 2B L 258D RE
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JNVADINEME R — 10 LR— TICRT, IDHED
1 REEDOES L RAMkIC, EFMM ic—BbLEE % #HA
LTHBoRBIZR o, 4, INHEE BEE
HIZ T3 EIFIEELVWEEZ/THWS

P EXY, BEEEROEBVICL ZBEEIBORES
EICET 2 HEIR b0, AHEICLD, EFMM
—BALERERSHEATETH 2 2 L13TH 5

4. EFMM ORFEIEHZEDOEF

EFMM iZ, Element by Element BID %745 & Patch
by Patch BIDf5 /1 0§ A2 B ORMD 2 FHETH 5.

Bty F EOIH - 0T RBIXERTH DT, W
BAERE O X ) i FREMTRBISAIBEL B X
I RREICN L THERMEEEZ NS, 2 I TAE
Tli¥, EFMM %G8 A RE~ERE L, 202
M2 RET 5.

FHLHOMAE 1%, H— 11 KR LTW»w3 EH

—a— EFMM (Tri3) : R=0.667
—&— EFMM (RGNT1i3) : R=0.679
—— EFMM (GNT1i3) : R=0.750

Log (B)

Log(DOFs)

®-10 GFE & 2 REK EFMM (T 2L ¥— /) L 2)

FK—7 GFE & 2 XEE EFMM (Z2 24X — /)L AH)

M-size | EFMM _ EFMM  EFMM
(h) Tri3  RGNTri3 GNTri3

8 | 3.04E-02 3.04E-02 3.04E-02

4 | L77E-02 1.T4E-02 1.74E-02

2 | 1.01E-02 9.12E-03 9.12E-03

1 | 3.69E-03 3.10E-03 3.10E-03
05 | 142E-03 1.29E-03 1.29E-03
0.25 | 8.46E-04 8.10E-04 8.10E-04
0.125 | 7.12E-04 7.02E-04 7.02E-04
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R (21) 2 EEEE< Y vy 7 2 T 2w CEEBERER
T —y BT B EZHREMDIEE o(x) IKEHT S L,

o(x) =T '6=T"'("N)K (23)
Elizd, L, BEEEH< MY v 7 AT,
cos? 8 sin? 6 2sinacos
T= sin? 6 cos? f —2sinf cos 6
—sinfcosf sinacosfd cos?f —sin?6b
(24)
TH5,

AE T BEREAEEE T, BHEOTHD
BRIz RRICTELIONS,

e(x) = D7 lo(x) (25)
L7d3>T, DT =D Thrn5H(25) 2R (2) DF
B 2EBIUE 3HIRAT S L,

(o, u) = % /Q (0(x))T D10 (x)d2

+ / (o(x))” BPudQ
Q

- / PulbdQ — / Pultdl
Q Iy

BN D, BEEMHI,
/ so(x)T (Bd — D 'o(x))d =0 (27)
Q

(26)

/ sPuTPBTDPNAAQ — / PuTbd
0 Q
- / Pultdl =0 (28)
r

Td 5.3 (26) i3 Hellinger-Reissner DZESFEHEV 1S &
MEhci D, X (26) KX (23) ERAT 2 L RD=
Uy 72 2AGBABBONG,

aollnt- o} @
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A= [, (T ("N)) D} (T (°N)) d©
C=[o (T (°N))" (*B) d0 (30)
f= [, ®N)" bdQ + [ (°N)” tdr"
ThH5,

ko X9 EFMM T, R (29) 2Hw3Z&T
E’}%/\G‘Y%jkc:mﬂmt{%ﬁKf gckUK]I ZEE
Reos Z EHHREE 2D, ERLHBIEMERIE L &
bbhl{fT25. 61K (22) 2B Y FOIEHS
BT B LT, FINNRSZBIRE—-F Ly
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CTTTTT T
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-=Theoretical KI
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2 12 F o] I ¢ KI by FEM (linear)
E ’ : © KII by FEM (linear)
12 1 ¢ A KI by EFMM (linear)
g S e L & KII by EFMM (linear)
é 08 F------ :_’____ = KI by EFMM (quadratic)
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f& (FEM) &%, ZAK 1 RERIC X 28 % B/ E FEk
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Lol - OFRGOREE L BEOBEE 2 BT 272
Bz, —BRICEIRER L ENENE2 EFMM 108
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ZORE, AL v7uryy ittt onsd EFMM
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L, 77T 4 THEESEICRBWT, RBESy T
HICRb 28 L W EREERERIHE R X — A OBFE S
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BELMBTHZEEZ B,

EFMM i, BREREICREZ NS Element by Ele-
ment BIDEITIE L A v a7 ) —HicfREZ NS Node
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D, FTESH~OICAPEHERETES, LrLiars,
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