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Construction of a macro plane stress triangle element with drlling d.o.f.’s
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Dept. . KAIST)

ABSTRACT

A simple macro triangls with drilling d.of%s iz proposed for plane stress problems based on IET{Individual slement test)
and finite element template. Thres-node triangular element has geometrical advantages in preprocessing but suffers from bad
performance comparing to other shapes of elements -especially quadrilateral. Main purpose of this study iz to construct a
high-performance linear triangular element with limited supplementary d.of.’s. A triangle iz divided by three sub-triangles
with drilling d.of"s. The sub-triangle stiffnesz come from IET passing force-lumping matrix, o thiz assures the consistency
of the element. The macro element strategy takes cars of the element’s stability and accuracy like higher-order stiffness in the
FE. template. The resulting slsment fits on the usss of conventional thres-nods. Benchmark sxamplss show proposed
element in closed form stiffness from CAS (Computer algsbra system) gives the improved results without more

computational efforte than others.
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2. IET(Individual element test) & ANDES FE.
Template

2.1 Individual element test and FE. template

IET = W3] H2E2 AFO2 Bergan =9 %
& 4z HEE “‘J‘EH(Constant atrain statc)oﬂfﬂ ] 2]
Hase 2H8E 24 Alold $o2 Sdio]
A AR A& (Pairwize traction cancellation)2 ©] &3}
o AdEAct

QEH 24 AL BT 9 oA 8L o]
23t HA] H2Ed FHEr] e Fag 23
HEE JHES 2@ 718 2 9(Basic stiffness) T
Zr nzte] HE RSB mgsie 2B e
d resle= Awg TR ZA(Higher order stiffness)
o= e Zel 24 49 7 ik

K=K, (e)+K, () (1)

A3 A4 A4 T AU 4% Lo BE
2e AL A BrE Jl2 gadE 92 9y

2 Bdle oz H@d #AE Ad 349
Zd 2L Ro} A A4S AddE LYol
B AT E Felippa[1]7h Aetgl AZ=8 S Alg
sle] ZHHFE ANDES #3d o448 848 A2
dge] J1E Adem Argsoh

2.2 The basic stiffness
cd8 AFEE JHF HE HEE 448 a4
o] FH AN 71E 7 & vk 2ot

K =V IEL (2)

A7 v = 249 FHE BT T4 FAA
PP L2 force-lumping FHZ 4 free formulation 9]
Mol B HEE-HY dE95 13 AEF gy 2
o} 7B Ao FERIER HS 22 ZHA AR
E 2L 71 9 od 8485 IET & 57
317 HalAde A 2 o 22 FHE LA EE
drots golok ol olzgk dil el 2
A dEE 2@ a4= THE A% dEHdE B
F 2E Tk

3032 44y 24

31 01282 24 74

IET 2RE FAE 718 42 84 F239
BA 2ol 3 33 AE 458 sid &) fu
£ "REFA7 e 549 d+d d3E JdgE Zed
22 712 AAntezE f#de] 35 REs

887

A4 Wol Bl HEe o medrl 99
w3 A4e AESA "o o] FAME da=
Jlgell ols] AAHE nAe] 3y FAe Fo} B
2 oM} Fe A%E 44 3 e 998 74
Ao}

A2z 248 THSE $HE g 2w 2
o

[ivi e 10 theg k-
trigngles

: Fgseesnle the suls

Concering ous e
K etrment sifness

ikl noele

Fig. 1 Construction of a macro triangular element
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Fig. 2 The bending problem of cantilever beam: a)
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Dimension and properties b) Finite element meshes for
triangular element <) Equivalent patch mesh for
3xAllman and 3xCtria3
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Flament Tip displacement

Cage 1 Cage 2
C3T 37.14 3949
Allman 86.54 82.06
IxAllman 86,16 8759
IxCtrial 37.19 39.05
Miblh 7948 20.96
Mib 105.31 105,99
M3b+ 105.15 105.34
Exact 100 102.6

Table 1 Results for cantilever beam problem
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Fig. 3 Cook’s problem: a) problem definition- clamped
trapezoid under end shear b)Mesh A: A 8x8 mesh
for shorter-diagonal-cut triangle mesh ¢) Mesh B:

mesh d JMesh C

longer-diagonal-cut  triangle

rectangular mesh
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CET 11.99 1228 22,02 23,41
(6. 74) (11.25) (17.33) (21.59)
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Mesh C
FFQ 21.66 2311 2379 2388
QUAD4 | 21.01 23.01 2384 2388
QM S 21.03 23.02 23.83 2388

Table 2 Reaults for Cook’s problem
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