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Adaptive mesh refinement for 3-D hexahedral element mesh by
iterative inserting zero-thickness element layers

C. H. Park and D. Y. Yang

Abstract

In this study, a new refinement technique for 3-dimensional hexahedral element mesh is proposed, which is aimed at
the control of mesh density. With the proposed scheme the mesh is refined adaptively to the elemental error which is
estimated by ‘a posteriori’ error estimator based on the energy norm. A desired accuracy of an analysis i.e. a limit of error
defines the new desired mesh density map on the current mesh. To obtain the desired mesh density, the refinement
procedure is repeated iteratively until no more elements to be refined exist. In the algorithm, at first the regions of mesh
to be refined are defined and, then, the zero-thickness element layers are inserted into the interfaces between the regions.
All the meshes in the regions, in which the zero-thickness layers are inserted, are to be regularized in order to improve
the shape of the slender elements on the interfaces. This algorithm is tested on a simple shape of 2-d quadrilateral
element mesh and 3-d hexahedral element mesh. A numerical example of elastic deformation of a plate with a hole shows
the effectiveness of the proposed refinement scheme.
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Fig.1 (a) Region subject to refinement, (b) Zero-
thickness element layer, (¢) Frontal
surface of refinement
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Fig. 2 Flow chart of the procedure of mesh refinement

3,(Fig. 1(a) ¢] 4 a9 9RWg ug
FEA 8258 AYsta, AYE 248 AE
3l 949 wgow BAsd Al WEE =7}
NE=S

3.2 45N HSHX M8 ¢uas

Aistd 84 9o ddsd ARsE 5
Fatn, olF oAl MEsIF B8 24 99
& AAste] AEstE wEs vt v

2 o oA Ayt Has ddo] &4 A
@& WA o] HAHE WHES} (Fig 2) o] I
Ae dA E2 dyshd oy 2o

Step 1 A ZFRIo] 27 HE ALY

i?(gi]_‘f

#x AHzpe] oz F o] &3}
L7HE 41 295 5,8 T

=
E=}

Step2 A} FHEg AY
AH@)E o838l 7t 2a¥E 27HE
A7 dE=st AEs 57 el Az 9
w9 H|E Akt

A8 Y Y7
Step 2 oM 7 g 7F 1 B & 84

Step 3

_81_

J9g dgsted A¥H 900 ¢ 4
A8k QF ol FUYY A% step 6 2
ool AR} P FRUT

A} Al E3}
Step 3 M AdgE QF of AAel X7
g MEe FFA 24238 e

Step 4

A} &3 B 5993

QF ol 28E 249 Az AL
272 e AR f93E 53
. A4z A8 F, 5, 2 AN
step 2 2 o] F ¥t}

Step 5

koo ko

P JEY E8
AEs @ AXE 2950 AR

A& Y.

Step 6

4, W=H AKX M 28 HE

412X MY 24 ZX HE

94 2 A9 JAT Fel T ax3e
el @A Al Fold 4 AR Beg

NEEE A MEeR AFIES F

A717F 100x100 21 AAMZ e AFZA
deolof a4¥ A L2E Fig. 3(a)9t Zo| ¥
ZAZITh o] x5 Azlo) & A 3 ()
E 5%2 A 3z 2T7HE AJALEE T3
A Fig 4@ #S 9= £¥ 5 der}

Fig. 3(b)yE 23 #Hel A& ¥5 34 &
o] ME3T Qv HEHA oo} AR 3
Jol BE EY A Axlolth. AR 33
ol HIEEAA AXE (0,009 Foz AR WE}
oM e AL & F Y

4.2 SHH AXQ M2t HE

AJME ZIHE 3 AY SHA FxF A3}
43tk 7kebd Qdd o] M(indentation) 3]
o Hg3le] ¥y Fo FAsE JduA LxE
AMetal oo A& A YEE A
Az AFAAHAZAAN AdE FA L2 HE
3t AE3E F3d.

229 $7} 1728 71 CASEL Ax}s}
7t 13770 70 CASE2 AR}l disiA
FP3ta, £ ATl Hoth o=

829
ke
A8



5.89x10™

y -
T—) x 3.06x1072

(a) Initial mesh {b) Refined mesh
Fig. 3 Iterative mesh refinement of rectangular element

mesh on a simple square geometry
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(a) Desired mesh density (b) Mesh density
after refinement
Fig. 4 Desired mesh density and resulting mesh density
after end of refinement iterations
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Table 1. Comparison of CPU times and total relative
error on meshes of CASE1, CASE2 and CASE3

Uniform Refined
Mesh
CASE1 CASE2 CASE3
No. of element 1728 13770 2588
CPU Time(%) 1.1 100 2.5

Total relative Error(%)  148.1 100 105.3
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Fig. 5 Mesh configuration of (a) fine mesh and (b)
refined mesh
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