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ZE®, AXRE, E%F

(! . TI0072 ? . 710068)
(5h 75 #Rif #)
/ n_cube(n= 273)
0242 21 A
/ (Primal  Dual)
[1,23]
alk+ (1- a) Ik = stationary,
a :0< a< 1, Tk IN

Lagrange
Ik=- %G(T, T+ bi(Tve) - AZ[J.KdiVT.VIdQJ’- J‘Kf.Vdg% ,

Ty = %d(v, y) - ;[.wadQJr faKT".(v_ vc)ds},

K € Tk . K Q ; v= vc+ v ve VI
; , v= (v1,v2)", g v) =
(&1, €n, Vi)' = (51}1/89;,51;2/8% Ov1/ Oy + a”2/596] " T= (T, Tn, Ty)', D
in .

a(0,T) = ZJ‘KT-D’IOdQ, d(u,v) = ZJ‘Ke(V)'DS(U)dQ,

T1 Tl | n
b(Tv) = 2 TendQ T,= Ton-= :
K T1 T2l | n2

* ©1997.0428; © 1998 11.07
(1968~ ),
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/ Babuska_Brezi ,
[1,2]°
Green ,
a 1- a
alk+ (1- a)m:—za(T,T)+ > d(v,v)+ abi(T,v) -

IZL Teg(v)dQ- KZJKdiVT’ vidQ— (f,v)q,

[,

B

(O)u)= (0, uc+ ul) E th Uh

aa( 0, T)— abi(T, uc)+ by T, ur) = 0 VTE V, (1)
abi( 9, ve)— bao( G, vi)+ (1- a)d(ui+ uc, vi+ vec) = (f, vi+ vc)
Vv= vi+ vc € Uy (2)
, Vi U )

ba( T, vi) = AZ:L[(I— @) T g(v) + divTeyi]d Qe

Pi(xi,yi) 1= 1,273 , N AN
P(x,y) , A y

@ = xjye= xwyp, o b= yi- e 6= ak- x4k

A= (ai+ bix+ cy)/(24) (i=12,3)°

N O X 0O N 0],
“Tlo N 0 x 0 NI (3)
o A O NN 0 NN 0 4 (4)
0 s 0 N 0 NN T

¢- = (vi(P1),v2( P1), vi(P2),v2 P2), v1(P3), va( P3))"  qi = (vi( Ps), va( Pa), v1(Ps),
vz(Ps),m(Pé),vz(Pé))T ’

T
T= ( Ml3 Xl3, Nl3)q', (5)
q = (T(P). T(P), Ty(P1), W(P2), T(P2), Ty(P2). T(P3), T(P3), Ty (P3))"
, I3 3x3 °

bi 0 o] )
Lz:|:0 o b;| LE{1,2,3>
(3 (4 &v) = &vc)+ &),
aUIC aUZC a’l)IC a’UQC T
S(VC):[ax’ay’ay+ ax]

v L v
gc = 551 Ly, Ly Ls] qc, (6)
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(3)

(3)

_ [Qun v Qvn Quai] '
S(VI)_[ax’ay’ay+ ax]

1 v
Z_A[MLH MLy, L3+ ML, ML+ MNL3]qh,

v

q1 =

bix(Touc)= | TE(uc)d = [q'] " Mcqt,

L L, L;
Mc= % L, L, L -
L L L

b (T m) = _L,[(l— @) g w)+ div(T) ui/d Q=

[q']'[Mu+ Mq]qt,

Li+ 2L> L2+ L3
My = 154“ 2Li+ Lo La+ 2L3
L1+ Lz 2L2+ L3

L, L, L
1
= —| L, L, Ly «
Mn 4 2 2 2
L; L; L
(10)~ (12 9 . T

o

23+ L
L3+ L
Li+ 2L

¢ = MsMcqt - iMBl(le Mnp) g,

0Ty, oty
Ox ay 1 TooT T, T
1 T: = -~ °
div 0T 0Tn 2A[L1’ L2, L3] q
o T oy
T 2
uc ui 0, o (2)
K (1
ak( 0, T) = bik(T,uc)— wbax(T, w),
aK(o; T)a
ak( 6, T) = J‘K =D 'od0= [qT]TM(’qG,
o' p' D! 3D
A
Moo= 5 D' 2! D', Mol'= %- D
D—l D—l 2D_] - D
(5) bik (T, uc)

>

(7)

(8)

(1 o,

(9)

(10)

(1)

(12)

(13)
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u uw o

qc qi q *
o | 1 qc ,
qg = Mo [Mc, - E(Mn+ Mp)]| | (13)
q
. (11) (12) ,
qe T Mc
abik( 9, ve) = bx( 9, vi) = 0{ J 1 .0 0 | 4" (14)
- (Mu+ Mn)
a
(13) :
abik( 9, ve) = bk ( 9, vi) =
o] T % _01 C — it _ol u
[q<5| oMcM o Mc McMo (Mu+ Mnr) [ch| X
gl |- (Mu+ Mp)Ms'Mc %‘(Mh Mp)Ms' (My+ Mp)| | ¢t —
q1C T D(lll) D( 1) q
v 1) , (15)
q1 pY DY qi
Ly Lo Lis
D\ = aMiMs'Mc:= ﬁ Ly L»n L, (16)
Ly L3y Ls;
Ls L Lnp
DY = - MMMy - MMM = 520 Ly L Laf+ [0ece (17)
Ly Li L;
ApL, 2x2 i (123 (17
Li+ L)+ L;= [0]3x2, b1+ b2+ b3= 0 c1+ ¢+ c3= 0 °
(17) :
McMs'Mp = [0]* (18)
R d(ui+ uc, vi+
vc)°

dx(u, v) = J‘K g(v)*De(u)d Q=

[ recvy+ evoDrecu + erucjao &

Al el
» 19
a Lo o2llg )
(4] D gt = [ & v DEuc)d 0=
Ly Ly L
[q%]TélLA Ly L»n Lx| g, (20)

Ly Lx» L
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[qli:]TD(é) qi = '[K &vc)Deg(u)dQ=

L Ln L
[qd" I_Zi Ly La Ly gi (21)
Lys Ly L
(21) Lii+ Lo+ Liz= [0]x2*
(15~ (21) (2)
lefi= obik( 0, vc) — bx( O, vi)+ (1- a)d(ui+ uc, vi+ vc) &
AT
qcl| [Du D | ¢t
D 2l @
q D>y Dxl| ¢
D; = DY + D, ij 6{1,2},
Lu Lo L3
1
Dy = N Ly L» Lxs|, (23)
L Lx» L3
D= [0]ee (24)
R T[Du OJ g ”s
= |0 bl (25)
(25) . . D
(18) DY+ (1- @)DV = [0]exs .

Zhou Tianxiao. Combined hybrid finite element method without requirement for Babuska Brezzi Con-
dition[ J]. Numerische Mathem atik . (in Press)
Zhou Tianxiao. Hnite element method based on combination of “ saddle point” variational formula-
tions[ J] . Science in China ( Ser . E), 1997, 27(1): 75~ 87.

. Wilson [J]. , 1997, 14( ): 24~ 27.

, . [J]. , 1996, 13(1): 1~ 8.

, . [M]. : , 1988.
Brezzi F, Fortin M. Mixed and Hybrid Finite Elem ent Method [ M]. Berlinn Springer Verlag, 1991.
Reddy B D, Simo J C. Stability and convergence of a class of enhanced strain methods[ J]. SIAM ]
Numer Anal, 1995,32(6): 1705~ 1728.



624

The Energy Orthogonal Relation B etween Conforming

and Non_Conforming Displacements
of Triangular Element

Nie Yufeng', Zhou Tianxiao’, Nie Tiejun'
("Applied Mathem atics Department , Northw estern Polytechnical
University, Xi’ an 710072, P R China;
2Computing Technology Research Institute, CAE,Xi’ an 710068, PR China)

Abstract: Based on the variational principle of combinative stability, combined hybrid methods posed
by Zhou Tianxiao are absolutely convergent and stabilized. Zhou has advocated a systematic approach
to enhanced stress strain schemes and has designed a family of lower_order elements which are
affine equivalent to n_cube( n = 2, 3). The energy orthogonal relation between the conforming part
and the non_conforming part of displacements interpolation functions in triangular element is given, in
which the stress is interpolated by linear polynomials on each element, but the displacements are in-
terpolated by the sum of conforming linear and non conforming quadratic polynomials. Furthermore,
this element is equivalent to the conforming triangular linear element, that is, the non_conforming
parts have no contribution to enhanced strains.

Key words: combinative stability; energy orthogonality; enhanced strain



