Shape functions of Hex32

Coordinates of points in the reference space

2= X = {(*1%){-1, -1, =1}, (*2%){1, -1, =1}, (*3%){1, 1, -1}, (*4%){-1, 1, -1}, (x5%)
{-1, -1, 1}, (»6«)1{1, -1, 1}, (x7*{1, 1, 1}, (#8«)}{-1, 1, 1}, (x9x{-1/3, -1, -1},
(*10%){1/3, -1, -1}, (*11%){1, -1/3, -1}, (»12«%}{1, 1/3, -1}, (»13%){1/3, 1, -1},
(*14%)}{-1/3, 1, -1}, (*15%){-1, 1/3, -1}, (*16%){-1, -1/3, -1}, (*17%)
{-1/3, -1, 1}, (*18%){1/3, -1, 1}, (*19%){1, -1/3, 1}, (*20*){1, 1/3, 1}, (*21%)
{1/3, 1, 1}, (*»22%){-1/3, 1, 1}, (*23%){-1, 1/3, 1}, (*24*){-1, -1/3, 1}, (*25%)
{-1, -1, -1/3}, (*»26%){-1, -1, 1/3}, (»27+}{1, -1, -1/3}, (»28%){1, -1, 1/3},
(*29+«){1, 1, -1/3}, (»30%){1, 1, 1/3}, (*31%){-1, 1, -1/3}, (*32%}{-1, 1, 1/3}};

Shape functions

@3- groupl ={9, 10, 13, 14, 17, 18, 21, 22}; (+ points with r=+-1/3 %)
group2 = {11, 12, 15, 16, 19, 20, 23, 24}; (* points with s=+-/13%)

nsl= ShapeFunc[n_] :=
If[n <8, 6—14 (1+rx[n, 11) (1 +s x[n, 2]) (1L +t x[n, 3]) (9 r’+9s*+9 t*>-19),
If[MemberQ[groupl , N, 6—94 (1-r*)(1+9rx[n, 1]) (1 +s x[n, 2]) (1 +t x[n, 3]),
If[MemberQ[groupZ, nl, 6—94 (L+rxIn, 1) (1-s?) (1 +9 s x[n, 2]) (1 +t x[n, 31),
6—94 (L+rx[n, 1]) (L +s x[n, 2]) (1 - t3) (1 +9 t x[n, 3]])]]];

nel= Al1lShapeFunc = Table[ShapeFunc[m], {m, 32}];
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7= AllShapeFunc // MatrixForm

Out[7)//MatrixForm=
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)= substitution = {

(-r)>rm, (1-s)->sm, (1-t)-> tm,
(1+r)>rp, (1+s)->sp, (L+t)-> tp,
(1-3r)->r3m, (1-3s)-»s3m, (1-3t)-> t3m,
(1+3r)->r3p, (1+3s)->s3p, (1L+3t)-> t3p,
(1-r*)>rr, (1-s?) > ss, (1-t%) > tt,
9r25rr9, 95?5559, 9t% 5 tt9

b

n9i- interp = AllShapeFunc /. substitution;

Print[CForm[interp]]

List((rmssmstm%(-19 + rr9 +
tt9))/64. ,(rprspxtm«(-19 +
t19))/64. ,(rmesmxtpx(-19 +
tt9))/64. ,(rpxspxtp*(-19 +

t19))/64.,(9*r3m«rrxsmxtm)/64. ,(9+r3p*rr+sm«tm)/64. ,(9+rp*s3msss+tm)/64.
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SS9 +
SS9 +

sSs9 +

,(9*rpxs3pxssxtm)/64. , (9%
r3p*rrxsp*tm)/64.,(9*r3m«rr*spxtm)/64. ,(9*xrm«s3pxss«tm)/64. ,(9*rmxs3m+ss*tm)/64. ,(9*r3msrrxsm«tp)/

64.,(9+r3p*rr«smxtp)/64. ,(9*xrp+S3mxss+tp)/64. ,(9+rp*s3p*Ss+tp)/64.,(9*r3p*rrxspxtp)/64.,(9*r3mrrx
sp*tp)/64. ,(9*xrmxs3p*xSsxtp)/64. ,(9«rm+S3mxSsS+tp)/64. ,(O*xrmrsm+t3m+tt)/64. ,(9*xrmssmxt3pxtt)/64. , (9«
rpxsm+t3m+tt)/64.,(9+rpxsmxt3pxtt)/64. ,(9+rp+sp*t3m«tt)/64.,(9+xrp*sp+t3p*tt)/64.,(9*xrmsspxt3mstt)/

64.,(9*rmxspxt3pxtt)/64.)

Derivative of shape functions

ni111= AllDerivShapeWrtR = D[Al1ShapeFunc, rl;
AllDerivShapeWrtS = D[Al1lShapeFunc, s];
AllDerivShapeWrtT = D[Al1ShapeFunc, t];
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AllDerivShapeWrtR // MatrixForm

Out[14]//MatrixForm=
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n(is- AllDerivShapeWrtsS // MatrixForm
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In[16]:=

AllDerivShapeWrtT // MatrixForm

Out[16]//MatrixForm=
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ni17- derivR = AllDerivShapeWrtR /. substitution;
Print[CForm[derivVvR]]

List((9xrxrmesmxtm)/32. - (smxtm#(-19 + rr9 + ss9 + tt9))/64.,(9*r+rprxsmxtm)/32. +
(sm#tmx(-19 + rr9 + ss9 + tt9))/64.,(9+r*rpxsp+tm)/32. + (sp*tm#(-19 + rr9 + ss9 +
tt19))/64. ,(9xr*rmxspxtm)/32. - (sp*tm+*(-19 + rr9 + ss9 + tt9))/64.,(9+r*rm+sm«tp)/32.
- (sm+tp*(-19 + rr9 + ss9 + tt9))/64.,(9*r*xrpxsm+tp)/32. + (smxtpx(-19 + rr9 + ss9 +
t19))/64.,(9xrxrpxsp*xtp)/32. + (Sp*tp*(-19 + rr9 + ss9 + tt9))/64.,(9*r*rm+spxtp)/32. -
(sp*tp*(-19 + rr9 + ss9 + tt9))/64.,(-9*r*r3mssm+tm)/32. — (27xrr*sm+tm)/64.,(-9+r*r3pxsm«tm)/32.
+ (27*rrxsmxtm)/64. ,(9*s3mxsS*tm)/64. ,(9xS3p*Ssxtm)/64. ,(-9*r*r3pxspxtm)/32.
+ (27+rrxspxtm)/64. ,(-9*rxr3msspxtm)/32. -
(27*rrxspxtm)/64. ,(-9xs3p*ssxtm)/64. ,(-9*S3mxSS*tm)/64. ,(-9*r*r3mssmxtp)/32.
- (27*rrxsm«tp)/64.,(-9*r*r3pxsm«tp)/32. +
(27*rrxsmxtp)/64. ,(9*S3mxSS*tp)/64.,(9*xS3pxsSsxtp)/64. ,(-9xrxr3p*sp+tp)/32.
+ (27+rr*spxtp)/64.,(-9*rxr3msspxtp)/32. -
(27*rrxspxtp)/64. ,(-9xs3p*Ss*xtp)/64.,(-9+s3mxsS«tp)/64. ,(-O*smxt3mxtt)/64. ,(-9xsmxt3pxtt)/64.,(9*sm«
t3mxtt)/64. ,(9xsmxt3prtt)/64.,(9xsp*xt3mxtt)/64.,(9xsp*t3p+tt)/64.,(-9+sp*xt3m+tt)/64.,(-9*sp*t3p*tt)/
64.)

ni1e- derivS = AllDerivShapeWrtS /. substitution;
Print[CForm[derivS]]

List((9xrmss«smxtm)/32. - (rmxtm+(-19 + rr9 + ss9 + tt9))/64.,(9*rprs*smxtm)/32. -
(rp*tm=(-19 + rr9 + ss9 + tt9))/64.,(9*rp*s+sp*tm)/32. + (rp*tm+(-19 + rr9 + ss9 +
t19))/64.,(9*rmxs*xspxtm)/32. + (rm+tmx(-19 + rr9 + ss9 + tt9))/64.,(9*rmss+sm«tp)/32.
- (rm+tp*(-19 + rr9 + ss9 + tt9))/64.,(9*rp*sxsmxtp)/32. - (rpxtpx(-19 + rr9 + ss9 +
t19))/64.,(9*rpxs*spxtp)/32. + (rp*tpx(-19 + rr9 + ss9 + tt9))/64.,(9*rmxs+sp*tp)/32. +
(rm+=tpx(-19 + rr9 + ss9 + tt9))/64.,(-9*r3m«rr+tm)/64.,(-9+r3p*rr+tm)/64. ,(-9*rp*s*s3m«tm)/32.
- (27+rp*ss*tm)/64. ,(-9*rp*s+s3pxtm)/32. +
(27+rpxssxtm)/64. ,(9*r3p*rr+=tm)/64. ,(9xr3msrrxtm)/64. ,(-9*xrmxs+s3p+tm)/32.
+ (27+rmxss*tm)/64. ,(-9*rmxs+s3mxtm)/32. -
(27+rmxss*tm)/64. ,(-9xr3m+rrxtp)/64.,(-9*r3p*rr+tp)/64.,(-9*rp+s*s3m«tp)/32.
- (27+rp*ss*tp)/64.,(-9*rp*s+s3p*tp)/32. +
(27#rpxss*tp)/64. ,(9*r3p*rr*tp)/64.,(9+xr3msrrxtp)/64. ,(-9*xrmss+s3p+tp)/32.
+ (27+rmxss*tp)/64. ,(-9*rmxs+s3m+tp)/32. -
(27+rmxss*tp)/64. ,(-9*xrm«t3m«tt)/64.,(-9+rm«t3p+tt)/64.,(-O*rp+t3m+tt)/64.,(-9xrp+t3pxtt)/64.,(9+rp=
t3mett)/64. ,(9xrp*t3p+tt)/64. ,(9+rm+t3m+tt)/64. ,(9+xrmxt3p+tt)/64.)
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ni2i}= derivT = AllDerivShapeWrtT /. substitution;
Print[CForm[derivT]]

List((9xrmesmrtxtm)/32. - (rmxsm#(-19 + rr9 + ss9 + tt9))/64.,(9*rpssmxtxtm)/32.
- (rp*sm#(-19 + rr9 + ss9 + tt9))/64.,(9*rpssp*txtm)/32. — (rpxspx(-19
+ rr9 + ss9 + tt9))/64.,(9xrmxspxtxtm)/32. - (rmxspx(-19 + rr9 + ss9 +
t19))/64.,(9*rmssmxtxtp)/32. + (rmxsmx(-19 + rr9 + ss9 + tt9))/64.,(9+rpssmxt+tp)/32.
+ (rp*smx(-19 + rr9 + ss9 + tt9))/64.,(9*xrpsspxt*tp)/32. + (rp*sp*(-19
+ rr9 + ss9 + tt9))/64.,(9xrmxspxtxtp)/32. + (rmxspx(-19 + rr9 + ss9 +
t19))/64.,(-9xr3mxrrxsm)/64. ,(-9*r3p*rr*sm)/64. ,(-9«rp*s3m«ss)/64. ,(-9xrp*s3pxsSs)/64.,(-9*r3p*rr*sp)
164 . ,(-9xr3mxrrxsp)/64. ,(-9+*rmxs3p*ss)/64. ,(-9+rm+s3m*ss)/64. ,(9xr3m+rrxsm)/64. ,(9xr3p+rrxsm)/64.,(9
*rp*xS3MxSS)/64 . ,(9%rp*S3p*SS)/64. ,(9*xr3p*rrxsp)/64.,(9*r3msrr*sp)/64.,(9*rmxs3p*Ss)/64.,(9*xrmxs3mx
SS)/64. ,(-9xrmxsm+t*t3m)/32. - (27xrmxsmxtt)/64.,(-9*rmxsmxtxt3p)/32. +
(27*rmxsmxtt)/64. ,(-9xrpxsmxtxt3m)/32. - (27*rpssmxtt)/64.,(-9+rpssmxt«t3p)/32. +
(27+rpxsmxtt)/64. ,(-9xrpsspxt+xt3m)/32. - (27xrp+sp*tt)/64.,(-9+rp*spxt+t3p)/32. +
(27*rpxsp*tt)/64. ,(-9*xrmxspxt*xt3m)/32. - (27xrmxsp*tt)/64.,(-9+rm+spxt*t3p)/32. + (27*xrmxspxtt)/64.)



