provided by Xiamen University Institutional Repository

1 1000-0887(2011) 01-0079-14 © ISSN 1000-0887

( 361005)

.2D4 3D8

0242.21 DA
DOI: 10.3879/j. issn. 1000-0887.2011.01. 009

1 25
69
. Babuska-Brezzi
10
n 243 fyang
; Feng Hoa 15
) 16
17
1445
* ;. 2010-06-25; . 2010-1130
: (10972188) :
(2010121073) ; ( 2007F3096)
(1967—) ( . Tel: +86-592-2187887 E-mail:

chzhang@ xmu. edu. cn) .

79


https://core.ac.uk/display/41359534?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

80

2D4 3D8

ne" N a
HellingerReissner
K = G'HG
B = H'Ga

H = f P'SPdQ G = j P'( ¥N) d0
ne ne

0° z S

m =n-r

u; .
u(£)
a, = : i=12 n
u(§,,)
& & &, .

. Poisson

o U'M} ﬂrr = {Bl B, ,BM}



(”7,:={aeR"a= Zakak akER} 1=12 - m.
k=1

7( a) :%aTKa >0 a#0 aec 7.

(a Kb) :%aTKb a be .

i1
(d, Kd) =0 i j = m; i #j
(14) m(m = 1) 22 (13)  m(m—1) X
ity =01>) Schmidt Poisson .
(14)
(dd) =0 i j=1-nirj.
(14) (15)
(X 5(-1.-1L1) 8 (-1,1.1)
4(-1,1) 3(1,1)
1 7(1,1,1)
¢ ¢ 6(1,1,1)/’: ./.
1 ¢
I
! c
. > : g
I .
1 <
| EEEELEEL - 4(-1,1-1)
L7 111
° ® o
1(-1,-1) 2(1,-1 2(1,-1,-1) 3(1,1,-1)
(a) 2D4 (b) 3D8
(a) 2D 4-node quadrilateral element (b) 3D 8-node hexahedral element

1
Fig.1 Hybrid elements

1( a)
{u =a, + a,& + a,m + asén
v =by +b&+ b+ byén

a; b, u; v;



82

o boO 1 11 P4 w0
0 o UH 0
Al le_LB—] L1 -1tHs
Co, 6,0 45-1 -1 1 1k, o0
0 0 o 0
b, 5,0 1 -1 1 -1, o0
(16)
1 _ 1, L,
W, —7(1)5 un) —7( |~ @) +?( 3N — a3€)
(16) (18)
1
uy = ay, vy =by, w, = 7( b, _az) .
(19) (16)

5 3
u
{ }= Zuiai + 2u5+ia5+i‘
v = =

{u, u, u; u, u;} = € ém 0 0 m
0 0 n & §
- 1 0
{u, u, ug} =[ " ]
£ 0 1
o =a; a, =a; a; =b, a, = by
a=L(b + a,) a:L(b -a,) o; =a
5 2 1 2 6 2 1 2 7 0
(21)
4 n 00 og
{8152838485}=B)OI§OB
Db ¢ 0 5 2H
(8)
d, =a +a d =ta +a
a, a, a d, d, .
d =a +a, d =-a, +a,.
Schmidt 2
3 .
( ) G,(d;) ( ) G(ds)

oy = by.

.

a; a; {i j} ={13}

(14) (15)



83

a,

(a) Schmidt

(‘a) Schmidt method
2 2D4

Fig.2  Comparison between the orthogonalization of deformation modes

for 2D 4-node quadrilateral element

3 2Db4

('b) Present method

Fig.3 Basic deformation modes of 2D 4-node quadrilateral element
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Fig.4 Comparison between the orthogonalization of deformation modes
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(b) Bending deformation
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Fig.5  Orthogonal basic deformation modes for 3D 8-node hexahedral element
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Fig.6  Procedure for optimal stress mode selection
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Table 1 ~ Orthogonal basic deformation rigidity comparison for 2D 4-node quadrilateral elements
G; Deformation d; P, Py Py DFEM
G, Biaxial tension d, 0.714 3 0.714 3 0.714 3
G, Tension-compression d, 0.384 6 0.384 6 0.384 6
[N Pure shear ds 0.384 6 0.384 6 0.384 6
G, Pure bending d, d, 0.166 7 0.046 3 0.247 3
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Table 2 Orthogonal basic deformation rigidity comparison for 3D 8-node hybrid element

G, Deformation d, P, P, P, P, P, DFEM
G, Biaxial tension d, 2.500 0 2.5000 2.500 0 2.500 0
G, Tension-compression ds d, 0.769 2 0.769 2 0.769 2 0.769 2
Gy Pure shear d, ds d, 0.769 2 0.769 2 0.769 2 0.769 2
Gy Symmetric bending d, d; d,, 0.476 2 0.072 5 0.476 2 0.769 2
Gs Anti-symmetric bending d;, d; d,, 0.256 4 0.128 2 0.256 4 0.384 6
G Pure torsion d, dg dg 0.170 9 0.170 9 0.170 9 0.170 9
¢, Pure saddle deformation d, d d, 0.1111 0.1111 0.0712 0.2350
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Orthogonal Basic Deformation Mode Method
for Zero-Energy Mode Suppression of
Hybrid Stress Element

ZHANG Can-hui  WANG Dong-dong LI Tong-shan
( Department of Civil Engineering Xiamen University Xiamen Fujian 361005 P. R. China)

Abstract: A set of basic deformation modes for hybrid stress finite element were directly derived from the
element displacement field. Subsequently by employing the so-called united orthogonal conditions a new
orthogonalization method was also proposed. The resulting orthogonal basic deformation modes exhibit sim—
ple and clear physical meanings. In addition they do not involve any material parameters and thus can be
efficiently used to examine the element performance and serve as a unified tool to assess different hybrid
elements. Therafter a convenient approach for identification of spurious zero-energy modes was presented
through using the positive definiteness property of flexibility matrix. Moreover based upon the orthogonal—-
ity relationship between the given initial stress modes and the orthogonal basic deformation modes an al-
ternative method of assumed stress modes to formulate a hybrid element free of spurious modes was dis—
cussed. It was also found that the orthogonality of the basic deformation modes was the sufficient and nec—
essary condition for suppression of spurious zero-energy modes. Numerical examples of 2D 4-node quadri—
lateral element and 3D 8-node hexahedral element were illustrated in details to demonstrate the efficacy of

the proposed orthogonal basic deformation mode method.

Key words: hybrid stress element; basic deformation modes; mode orthogonality; assumed stress mode;

suppression of zero-energy deformation mode



