Shape functions of Hex20

Coordinates of points in the reference space

= X = {(*1%)}{-1, =1, =1}, (*2%){1, -1, =1}, (*3%){1, 1, -1}, (*4%){-1, 1, -1},
(x5%}{-1, -1, 1}, (x6%){1, -1, 1}, (x7*{1, 1, 1}, (*8x)}{-1, 1, 1}, (x9%)
{0, -1, -1}, (*10%){1, 0, -1}, (*11x)}{06, 1, -1}, (*12%){-1, 0, -1},
(¥13%1{0, -1, 1}, (x14«{1, 0, 1}, (x15%}{0, 1, 1}, (x16%}{-1, 0, 1},
(*17%){-1, -1, 0}, (*18%){1, -1, O}, (*19%){1, 1, 0}, (¥20%){-1, 1, O}};

Shape functions

2= groupl ={9, 11, 13, 15};
group2 = {10, 12, 14, 16};

n4l= ShapeFunc[n_] :=

1
If[n <8, —(1+rx[n, 17) (1 +s x[n, 2]) (1 + t x[n, 3]) (r xIn, 1]+ s x[n, 2]+t x[n, 3] -2),
8
1
If[MemberQ[groupl, nl, — (1-r?) (1+sx[n, 2]) (1 +tx[n, 3]),
4
1
If[MemberQ[groupZ, nl, — (1 +r x[n, 11) (1-52) (1+txIn, 3D,
4

i (L+rxIn, 1) (L +s x[n, 2]) (1 - tz)]]]
4

ns= AllShapeFunc = Table[ShapeFunc[m], {m, 20}];
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- Al1ShapeFunc // MatrixForm

Out[6)//MatrixForm=

—(l—r)(l sS)(1-t)(-2-r-s-1t)
—(l+r)(l S)(1-t)(-2+r-s-1t)
—(l+r)( +s)(1-t)(-2+r+s-1t)
—(l—r)( +S)(1-t)(-2-r+s-1%)
—(l—r)(l S)(L+t)(-2-r-s+1t)
—(l+r)(l S)(L+t)(-2+r-s+1t)
g(l+r)(l+s)(l+t)( 2+r+s+t)
2@d-r@+s)(1+t)(-2-r+s+1t)

1-r)(l-s)(1-t
1 1-s)(1-t2
1+r)(1+s)(1-t2

) t

n7- substitution = {
(-r)>rm, (1-s)-> sm, (1-t) > tm,
(L+r)>rp, (L+s)->sp, (1+t)-> tp,
(1-r*)>rr, (1-s)>»ss, (1-t) > tt
b
ngi= interp = AllShapeFunc /. substitution;
Print[CForm[interp]]
List((rmssmx(-2 —= r — s — t)*»tm)/8.,(rp*smx(-2 + r - s - t)xtm)/8.,(rp*sp*(-2 + r + s
- E)*tm)/8.,(rmxspx(-2 - r + s - t)*xtm)/8.,(rmxsmx(-2 - r - s + t)*xtp)/8.,(rprsmx(-2
+ r — s + t)*tp)/8.,(rpxspx(-2 + r + s + T)xtp)/8.,(rm«sp*(-2 - r + s +
t)xtp)/8. ,(rrxsmxtm)/4. ,(rpxss+tm)/4. ,(rrxspxtm)/4.,(rmxss+xtm)/4.,(rrxsm=tp)/4. ,(rp*ss+tp)/4.,(rr=sp*
tp)4. ,(rmxss*tp)/4. ,(rmesmxtt)/4. ,(rpxsmxtt)/4. ,(rprsp*tt)/4. ,(rmespxtt)/4.)
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Derivative of shape functions

o= AllDerivShapeWrtR = D[Al1ShapeFunc, r];
AllDerivShapeWrtS = D[Al1ShapeFunc, s];
AllDerivShapeWrtT = D[Al1ShapeFunc, t];

13- AllDerivShapeWrtR // MatrixForm
QOut[13])//MatrixForm=

~2(1-N@-9)(1-1-31-5)(1-1)(-2-r-s-1)
1+ (1-5)(1-t)+ 5 (1-5)(1-1)(-2+r-s-1)
(1+4r)(1+5)(1-t)+ (1+5)(1-1)(-2+r+s-1)
-+ E-D-2 Qs A-1)(-2-r+s-1)
-g(1—")(1—5)(1+t)——;(l—s)(l+t)(—2—r—s+t)
(1+")(1-5)(1+t)+—;(l—S)(l+t)(—2+r—s+t)
(1+rM1+sM1+m+§(1+sM1+tn-2+r+s+n
S (1= (A+S) A+ -3 (1+5)(1+1) (-2-r+s+1)

I b“_,b_“_,wlb—- LN T _b_“_.wlp—- LN

r(l-s)(1-t)
(1-s?)(@-t)

r(l+s)(1-1t)
s?)(1-t)

S =

(1-5)(1+1)
(1-s)(1+1)

(L+s)(1+1t)
s?)(1+1t)
-s)(1-1t?)
4(1-s)(1-t)

/\A“

§(1+5H1-tﬂ
-§(1+sﬂ1-t§
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4= AllDerivShapeWrtS // MatrixForm

Out[14]//MatrixForm=

-2 (1-N(A-8)(1-1)-51Q-NA-1)(-2-r-s-1)

S2 (14N (1-8) (-1 -5 A+ (A-1)(-2+r-s-1)
(1+r)(1+5)(1-t)+ 5 (L+r)(1-1)(-2+r+s-1)

ol 0ol

(1-r)(@+s)(1-t)+5 (1-N(1-1)(-2-r+s-1)
—Z(1-N(A-8) 1+t -5 Q-1+ (-2-r-s+1)
ST (14N (1-s)(L+t) - Q4 (L+1)(-2+r-5+1)

(1+r)(1+5)(1+t)+5 (L+r)(1+1)(-2+r+5+1)

ol ol

(1-r)(@+s)(1+0)+< (1-N(1+1)(-2-r+s+1)
_i(l_rz)(l-t)

(1+r)s(1-1t)

1= 0 =

(1-r?)@-1)
(1-r)s(1-1t)

|
I NI »

(1-r})@+t)

1+r)s(1+t)
1-r?)(1+t)

I~
_ Nle Nl
—_ —_~

—

1-r)s(1+t)
4(1—r)(1—t2)
-;11 (1+r)(1-1?)

21+ (1-t
%(l—r)(l—tz)




AllDerivShapeWrtT // MatrixForm

Out[15]//MatrixFor

In[15]:=
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In[18]:=

-2 (1-N(1-8)(1-1)-5(1Q-r(1-95)(-2-r-s-1)
S2 (14N (1-8) (-1 -5 A+ (1-5)(-2+r-s-1)
SS (14N (1+S)(1-t) -5 (1+r)(1+5)(-2+r+s-1)
—Z(1-N(A+s) (-1 -5 Q-1 (1+s)(-2-r+s-1)
S(1-N(1-s) 1+t +5 (1-r)(1-5)(-2-r-s+1)
S+ (1-8) 1+ + 5 (1+r)(1-5)(-2+r-s+1)
S+ (1+S) L+ + 5 (1) (1+5)(-2+r+s+1)
S(1-N(1+s) 1+ +5 Q-1 (1+s)(-2-r+s+1)

—i(l—rz)(l—s)

—;lt(l+r)(1—52)

—;lt(l—rz)(l+s)

—;lt(l—r)(l—sz)

i(l—rz)(l—s)

i(l+r)(l—sz)

i(l—rz)(1+s)

i(l—r)(l—sz)

-2 (1-n@-s)t

—%(l+r)(l—s)t

-2 (14 (l+s)t

-2 (1-n1+s)t

- derivR = AllDer1ivShapeWrtR /.

substitution;
Print[CForm[derivVvR]]

List(-0.125%(rmssmxtm) - (smx(-2 - r - s - t)xtm)/8.,

(rp*smxtm)/8. + (smx(-2 + r - s -

t)*tm)/8. ,(rpxspxtm)/8. + (sp*(-2 + r + s - t)xtm)/8.,-0.125%(rm+sp*tm) - (sp*(-2 - r + s -
t)«tm)/8.,-0.125x(rmssmxtp) — (smx(-2 - r - s + t)xtp)/8.,(rp*sm+tp)/8. + (smx(-2 + r - s +
) s + t)xtp)/8.,-0.125%(rmsspxtp) - (sp*(-2 - r + s +

t)*tp)/8. ,(rpxspxtp)/8. + (sp*(-2 + r +
t)+tp)/8.,-0.5%(r«sm«tm),(ssxtm)/4.,

sp*tp),-0.25%(ssxtp),-0.25%(smxtt),(smxtt)/4.,

-0.5%(r*spxtm),

derivS = AllDerivShapeWrtS /. substitution;

-0.25%(ss+tm),
(sp*tt)4.,

-0.5%(rxsmxtp),(ss+tp)/4.,-0.5%(r«

-0.25x%(spxtt))

Print[CForm[derivS]]

List(-0.125%(rmssmxtm) — (rm«(-2 - r - s - t)xtm)/8.,-0.125%(rpxsmxtm) - (rp*(-2 + r - s -
t)xtm)/8. ,(rpxsp*xtm)/8. + (rp*(-2 + r + s - t)xtm)/8.,(rmxspxtm)/8. + (rm*x(-2 - r + S -
t)*tm)/8. ,-0.125x(rmssmxtp) — (rmx(-2 - r - s + t)*xtp)/8.,-0.125«(rp+sm+tp) - (rp*(-2 + r -
S + t)xtp)/8.,(rp*sp*tp)/8. + (rp*(-2 + r + s + t)*tp)/8.,(rmxspxtp)/8. + (rm*x(-2 - r + S +
t)xtp)/8.,-0.25%(rrxtm),-0.5%(rpxsxtm), (rrxtm)/4.,-0.5+(rmxsxtm),-0.25%(rr+=tp),-0.5%(rp+s+tp),(rr=tp
V4. ,-0.5%(rmxs*tp),-0.25%(rm+tt),-0.25«(rp*tt),(rpxtt)/4.,(rmstt)/4.)
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niz0}= derivT = AllDerivShapeWrtT /. substitution;
Print[CForm[derivT]]

List(-0.125%(rmssmx(-2 - r —= s - t)) - (rmxsmxtm)/8.,-0.125«(rpxsmx(-2 + r - s - t)) -
(rp*smxtm)/8.,-0.125+(rp*sp*(-2 + r + s - t)) — (rpxspxtm)/8.,-0.125«(rm+sp*(-2 - r + s -
t)) — (rmxspxtm)/8.,(rmssmx(-2 - r - s + 1))/8. + (rmxsmxtp)/8.,(rp*smx(-2 + r - s + t))/8.
+ (rp*sm+tp)/8.,(rp*sp*(-2 + r + s + t))/8. + (rp*sp*tp)/8.,(rmsspx(-2 - r + s + t))/8. +
(rm+spxtp)/8.,-0.25x(rrxsm),-0.25%(rp*ss),-0.25%(rrxsp),—-0.25x(rmxss),(rrxsm)/4. ,(rp*ss)/4.,(rrxsp)/
4.,(rmxss)/4.,-0.5%(rmxsm«t),-0.5%(rpxsm«t),-0.5%(rp*sp*t),-0.5%(rmssp*t))



