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Case Study: Complete Cubic Approach

v(€,n) = a1+ ax€ + azn + as&® + asén + agn®

= a7’ + as&n + agln® + aron’
Ve(&,m) = ag + 2a4€ + asn + 3a7E% + 2as€n + agn®
vy(&,m) = az+ asé + 2agn + as&® + ag26n + 3aion?

(a) Starting from the algebraic basis

O n) = [, & n. &, &n, n*, &, En, &, | T
the basis U = [¢)1,...,110] of shape functions in unit triangle is calculated by means of the

design matrix B':
V(E,n) =0O(&n)B. (1)

Succession for the point in unit triangle and the center:

Q1(0,0) : 1,12, 103, Qa(1,0) = 9y, s, g,
Q3(0,1) = Y7, 4s,1bg, Qa(1/3,1/3) : ¢yo.

Y1 = (1=&=n[(1—&+2n)(1+2—n) —16&n] = 412(3 —2¢1) — TC1G2G3

Yy = {(1—-&-2n)(1—-&§—n) = (GG — )

Y3 = n1—-26-n)(1-E&—n) = GG —¢)

Yy = (328 —T1&n(1—€—n) = G(B3—20)—7CG
Y5 = E(E-1)+2n(1—-£—n) = (G —1)+2G0EG
v = —En(l—2x—n) = (0G0 —G)

Yr = n*(3—2n) —7n(1 —E&—n) = G(3—2¢3) — TC1¢eGs
Yg = —En(l—&—2n) = —(@(¢ — G)

Yo = nP(n—1)+2n(1—E—n) = G(G—1)+200G
Yo = 27€n(1—¢&—n) = 27¢1C2C3 -

Now we calculate the following matrices in unit triangle
S, = / U U dedn, Sy = / (W] + W, U] dédn
Sy = . v, Uldedn, Sy = /: Ut dedn

In triangle T'(z,y) then with shape functions

(I)({L‘,y) = [wl(xay)a s 7¢10<x7y)]T

a(u,v) = /Tgrad u - grad v dzdy = /T[uxvgC + uyvy,| dedy

= UT ( / ®, 0T drdy + / P07 dxdy) 1%
T T

where U, V € R!'Y are the local node vectors.



