Vol. 4 No. 2  JOURNAL OF COMPUTATIONAL MATHEMATICS - April 1986
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r ﬂunt:numg the wurk in {1, 2], we > discuss the mnvax:ganoe mnd.ltmnﬂ a.n& tha srTOT est:nmahes uf
quasi-conforming eleménts for linear elasticity problers. Eoms reaultu about curra& alamants for

second-order, boandary value problems are also given, 'l o 7w S =

- § 1. Introduction -

" The quam—ﬂonfﬂrmmg element method ig very :efficlent and successful for
alliptio problems {see [1-—4]). The mathematical foundation of thig method has
been established in [1, 2], and several plate bending elemenis have been shown to be
oonvergent. In the present paper, we mainly disouss fhe rconvergence conditions of
quasi-oonforming elements for linear elagticity problems and their error eglimates.
In addition we give some results ahout curved elementﬂ for aecond—order bounda.ry

value problems. - - |
let 2 bo a bounde& oonneeted domain in - R" Wlth Inpsohm:—ﬁontmuous

boundary 9Q. For each o= (o3, 03, =+, o) In (H*(Q))", we seb - -
| {su('ﬂ)"ﬁﬂ(ﬂ) (3c‘vj+3;v;) /2, 1<<é, jén B

o (v) =ay<u)=m(.2 eu(®) )3u+2#84:(¢’): 1<, J'ﬁn, |

where 3, is Kronecker’s symbol, and A and w are two pomtwe congtants.
Consider the boundary value problem of hnear e]a.ﬂtlolty |

- {';—Eaﬁu(“) =Jfo =1, -y .”J_L_Q:ﬁ. | (1.2)
(. H[gp——ﬂ i i R 08

In ordar 1;0 disouss this problam, we need aome notatlons Let H -={.c1== (F’;,

BV By€IA(Q), 1<4, ‘J<n. with Hy=Ha}. For o= (0, = 0,) in (HY@))",

define Tv= (v, 84(%))." Then: T(H‘(ﬂ})'mambspa.oe 0f H. A.nd for each A in

(1.1)
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follows: |
a(d, =3 [ ou(M)Euds, ¥4, ACH, .49
T -"*._I;J':-I'F | _ |
= B f¥ie, VAEH. - 1.5)
Then problern. (1.2) 'is equivalent o the following variational problem:
w€ (HI(@))", a(Tu, Tv)=f(Tv), Vv (Hi(Q))" (1.6}

Let {Ux} be a family of finite dimensional subspaces in H for parameter 2 with
A>0 and A—0. According to. [1; 2], the finite element approximation with multiple
sets of functions to problem (1.6) is the following problem

. A €Uy, a(di,24,) = f(), A, €Us. @.7)

The work in this peper is mainly devoted to the following gubjects: i) the
method for constrmoting spaces. U, using quasi-conforming elements, ii) the
oxistence, uniqueness and convergence of the solution of problem (1.7).

§ 2. Quasi-Conforming Element Method

In this section we discuss how to construct spaces U, by the quasi-conforming
clement method. From now on, we assume that £ is a polyhedroid domain in R",
and let K, be a finite subdivigion of 2 for each % with the properties K1 and K2: .

1. For every element K in K,;, K is an n~simplex (or n—-parallelotope) and

P N Cen i T Rees ol BE pad E%"%Q'_“:_ L. B . . _ .

K2. For every two different elements K and K’ in K;, K NK'is an empty seé
or a common face of K and K. - - . | . A

Let ¢ be a positive number. For any n-simplex (or n—parallelotope) K, we give
two lineer interpolation operators Iz: H*(K)—>T(XK) and I,x: H!(K)— L*(9K)
and some finite dimensional spaces consisting of polynomials, say NY, 1<i, j<mn,
with N¥=N§. For each v={vy, +-, 9,) in (H'(K))", we define E4(v) in N¥,
14, j<n, by the following equalions:

ZI . pEY(v).do - LK-P(H a0l J+ I axﬂN i)ds-

~(_@@lxv-+ogllxe)dn, 1<, j<n, VBENY, 2.1)
where N = (N_-h e, N.)f'_ig the unit ontward normal of 3E'_;f ‘Then we use II pvy and
BY(v) 4o approxirmate v; and s;(v) respectively: - - A" . B |

. Now we.are in a position to:conskrtict spaces Up. Define sn operator-Il,: (H*(Q2))"
-»H such that, for each ”in;(ﬂt(a)) ) E&‘“?‘ (v, Elv) satiafies - B : |
{H{*’lr‘ﬂr(ﬂﬂx)s 1<j<n, K € Ky e 2 2)
L | Bio| g = Bi(ols),  16; Y<m, K €En: '
Then the spaces, U axe obiained by sefting Uy~ Ia(H'(Q) N HH(Q))’; this Js the
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1) A subset ¥ is said to be a face of X if thare exists a supporting hyper-plane #.of K such that F=K (&



