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Adaptive Mesh h-Refinement using Compatible Transition Elements
in Plate Bending Problems
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ABSTRACT

In this study, an adaptive mesh k-refinement procedure was presented in plate bending problems. By introducing

the transition elements for the procedure, some drawbacks due to the irregular nodes are eliminated which are

generated in the consequence of local mesh refinement in common adaptive h-version performed by single type

of quadrilateral elements.

For the above objective, compatible 5-node through 7-node transition plate bending elements are developed

by including variable number of midside nodes.

Using the Zienkiewicz-Zhu error estimator, some numerical examples are presented to show the effectiveness

of the adaptive /i-refinement using the transition elements.

1. 48

F8244 1950 o] R4S 1Y o] HHH
o s vliel &3] YAt xF7tA w4
Yel2 189 U Fel, T4 EAE Fod Q9 i
A 4d =77 . o] a4 Hya4Eat of
Uzt vjds 43 2ol FHAsA HEsio
B, 2o 9 7)) TEORE o|n] 4g33] Aitsle]
Bsle] 2l dHold. adu B2 o]HY 7]
€3 Axo) vl8 FP8L: 2EgL 32 HFHo} F
ol sESHAE, ol FHaiso] W 23 H o]
o ds] Y& Fol=dd o ojf7t U

foass ol 28 e U= Y& VNS
A=, 1) By d§ B4 408 FHgez
det +HHEAY 24, 2) A8, 73 4 FA = §
3 APd UYddolels] ¥4 HE 24, 3) 78
A4Es] A& F2F 8 MY 242 FHPeR
A MEste R 9 4) st=gio] A9 S Y 9 ¥y

AN, E3AYled mp
ANy, 3R T

224 Fo] Acl]. oA & 24F FAN B tjge]
& 2= Mo A(discretization error)ejn], o] 2
A AR (st 249 )9k fGatdsts]) oz
Aedc. oo, diis] FHEMANA ARG E 7o}
717t Y522 ARY Ao dzdg Adddes AL
Eohedn. 23 Y94 E o 4 vl E MiEste
Agg AN E AL e, £EU $¢84 B

CFARES B0 B2} 249 UAEEE AL

st Ad.

ol 8] 310 o d F3 KU AT Yol 4
Aozl HE olSsiod 2 84 MBS AE 247
$1% a posteriori error estimatese] s§yte] Babuskas}
2 FEF Sld A= ol B gHFo] o] 243
A2AE xS 4T 243X 9 Age 4§
HAEAEHE 715 A e 2 51 FHL die
LA Uie] Yo == FURL BG AFHeR
AEshe Aol olB ¥ A5 GA#7) A% Aol
dtdez o-§s) ¥ 7A 714; 1) moving mesh(R-
method), 2) adaptive h-refinement, 3) adaptive p-
refinement % 4) adaptive hp-refinement off 8%t Wy



o] flv}. Rz moving mesh 7)]-& Ao 271l
de AU 4 YHREE FEH @A 4T
+& AHgzeFol S8 AU A AAE ol
o]}, Adaptive h-refinement 71§ & #§ Al
¥ 2334 840 ds 249 37 A T WkE
yHlo]n, adaptive p-refinement 72 A=A x714
ol o) 849 44 pi F71HA17]& Wt ol 3 adaptive
hp-refinement 7}}& h- 8} p-refinement 714§ HA
3 EL% o). o} Fol4 adaptive h-refinement
Zitle]l 1 B e o] 7 244 Hug4M
ExolA Bol dFsien), iy EMola:s B3]
Ead =g AAold. o] 71l F2 A4 aLE
ALgste] Yo 4AYaLE FF AEEUG

dutyo g fuRLHYdN AqgasE J74Y
24180 & WA FAN 42y 240 23 adaptive
h-refinement 7)'§ol] 3= %772 3 H(irregular node)él
Aol HHol Y. of AHS AT FHHAEA
MEHE fi0] AUY MERSA 4 829 s
04 A% AU(Y ez & 7Hx Y8 42
yasrl AHgs 71&9 adaptive h-refinementof) 4] =
249 PHoZ Yo7 Risdng 24 s Y4
(compatibility)S at&A17]7] i8] HAFEZA( &, 2
¥ 1 ol4 u=(u+up)2 )y HF A A JHde} A9
AgzAs] Foiz Aol 7 AHHs] HAE ol WA
9 ez e dgsin, UF U diTEzde 7
ZEs| AAE lockAlA Je Hd3F 298 %6 i
).

a8y, ds) F3) BT Ao EMe 248
HYH(midside node)§ = o]k L(transition
element)2 dixjad 71ES fsLiy T=§ =3
9 ¢A%o e B7AUYY Aed Y¥Hon 44

{ Irreqular
| node

¢———

Refined element Unrefined element

213 1. Generation of irregular node.

_10_

g 4 Uct o]F Hel ¥ dFelNE 48 Adgas
) HF ¢ AollA) A e HHHE 2 SHY, 63
A 9744 guy dolas i Mudx 7jES 444
229 £ A8t adaptive h-refinement§ Ju¥
FEAMoA] =98 2 elgAddt AgAE HEstnn @
.

2. 4% Yoy Helga s AY
2.1 Holg a9 a4

A eh- ARG A dolos s Y4& 28
2 o Ve 2ok @HlE 5,6, 7 9 8 & =N 74
Aol A= 4ol & UaE tlen] WA &
A dolle F A 44Y axd AUY ¢ At o
W 24 s HEA4S UH7) A A (Dol depd
S8 g4tsE AHsg.

Side 3
4 3
Side 2
8 ¢
. 6
Side 4 e Corner node
x  Midside node
y 1 5 2

2% 2. Configuration of transition element.
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# 1. Normalized displacements of cantilever plate.

Element Regular mesh Genceral mesh
Wi . Wa Wy Wa
4-node | 0.9844 0.9844 | 0.9660 0.9597
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a4 6. Square plate with cutout; (a) Configuration,

(b) Initial mesh, (c) Final mesh,
(d) Convergence curve.
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