ELEMENTO CUADRILATERO TRANSICION - 5 NODOS

Implementacién en Mathematica
v.2018

1. DATOS INICIALES

= INICIO

In[1]:=

In[3]:=

out[3)= ) )
v C:yvH0-Modulos-M30x MeF-10N\HM308-mé-aba-swmill-IT-cuadrilatero-i

= DEFINICION ELEMENTO CUADRILATERO DE TRANSICION DE 5§ NODOS

o DEFINICION GRAFICA

Inf4]:=

In[5)=

outs)=

=

o COORDENADAS NATURALES NODOS
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ElementPlot [b List, options ] := Module[{asa, color, nr, circles, lines},
asa = Select[{options}, ((! SameQ[H#[[1l]] , NedeColor]) && (! SameQ[H[[1]] , NodeS8ize]) ) &] -
{color, nr} = {NodeColor, NodeSize} /. {options} /.
{NodeColor » GrayLevel [0], NodeSize » PointSize[0.06] };
circles = Map[Point [#] &, Partition[Flatten[b], 2]] -
lines = Line[Append[b[[1]], First[b[[1]]]1]1]~

Show [Graphics|[ {nr, color, circles}], Graphics[lines], Evaluate [Sequence [HR] s @@asa]]] ;

ptsexteriores

{enf[1]1], cn[[2]], cn[[3]], Ccn[[4]]}~

ptsintericres

{enfl[3]113}+

Imagen = ElementPlot [ {ptsexteriores, ptsinterjores}, AspectRatio - 1,

PlotRange -+ {{-1.5, 1.5}, {-1.5, 1.5}}, ImageSize » 150, Frame —» False, NedeColor - RGBColor [0, O, 1]]

CuaR4 = ;
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o _

Out[13]=

& .

o SERENDIPITO DE 8 NODOS - 2 DIVISIONES POR LADO

In[14]:=

In[15]=

Out[15]=

. -

3. FUNCIONES DE FORMA - METODO PRODUCTO DE CURVAS

m Curvas a Considerar

o LADOS - CUADRILATERO REGULAR DE 4 NODOS

In[16]:=

In[17]=
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o LADOS Y MEDIANAS - CUADRILATERO SERENDIPITO DE 8 NODOS

o _
. .- .

Out[18]=
. .-
. . .

) _

m Definicién Productos de Curvas en cada Nodo -# - NODOS NO ESQUINA

* - *
out27]=
b3 p:
® .

o Tipo 1 - INTERIOR

In[28] =
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m Obtencidn Funciones de Forma - NODOS NO ESQUINA

In[29] =

In[30] =

In[31]:=

In[232] =

In[33]:=

Cut{ 33 MatrixForm=

oo o s

(=1+m) (1+7) (-1+&) (1+&)

m Obtencidén Funciones de Forma - NODOS ESQUINA
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o]

In[34]:.=

o NODO 1 - Desarrollo - #
o _
o _
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’ (="}

d *

outaT=
3 -
& ]
- _
Out3s)= 1
0= —+ab
4
Out3g= 1
InA0]: =
In@1]:=
Ul 1= 1
. (—1l+7) (m1+&) (n+&+1E)
o NODO 2 - Desarrollo - #
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3 - 2
Outfd)=
3 -
& ]
- _
Out[5)= 1
0= —+ab
4
OutB]= 1
4
Outf47]= 1
~ (=1+m) (1+&) (n(=1+&) +&)
o NODO 3 - Desarrollo - #
In[8]:=
In[9]:=
In[50]:=
* - *
outf50)=
. P




eq = 0==N£[[3]] /. {§ ->Cn[[53]1][[1]], 7 ->Cn[[53]]1[[2]]}
abs = ab /. Solve[eq, a5][[1]]

NE[[3]] = Simplify[NE[[3]] /. {a5 —» a5s}]

(m+m?+E+m &+ 2 -0 £7)

= |

Clear[ab] ;

NE[[4]] = NECRA[[4]] +a5 « NE[[5]] ;

Show [CuaT5, ImageSize —» 250]

eq =0==N£[[4]] /. {§ ->Cn[[5]1][[1]], 7 ->Cn[[5]]1[[2]]}
abs = ab /. Solve[eq, a5][[1]]

1
0 == +ad
4

jury

NE[[4]] = Simplify[NE£[[4]] /. {a5 » a5s}]

1
~ (1+7n) (=1+8) (n-&+1n<)

i

il

Sl Tt

= = S Ve

B

A
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= Funciones de Forma de todos los Nodos.

In[60] =

OutBO)MatrixForm=
—2 (-1+7m) (~1+&) (M+E+nE)
-, (17 (148 (7 (-148E) + &)
(n+m? + £+ &+ E2 -1 £2)
(1+7) (-1+8) (N-E+n&)
(~1+m) (L) (-1+8) (1+8)

T

s Comprobacién Suma Unidad - #

In[61]=

OutE]= 1

(—1+m) (1+7) (-1+&) (1+4) n (—1+m) (1+8&) (n(-1+8&) +&) -

1 1 1

N (1+m) (=1+¢&) (77—§+77§)—£ (=1+m) (=1+&) (Nn+&+71&) +E R R
InB2]:=
outez)=

o Proceso para comprobar Valor Funciones de Forman en Nodos - en caso de Error

In[63]=




1 1
2 0
3 0
4 0
0
NODO
1 0
2 1
3 0
4 0
0
NODO
1 0
2 0
3 1
4 0
0
NODO
1 0
2 0
3 0
4 1
o 0
NODO
1 0
2 0
3 0
4 0
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PlotguadrilateralShapeFunction [xycquad , £ , Nsub , aspect ] :=
Module [ {Ne, Nev, 1ine3D = {}, pely3D = {}, xyfl, xy£f2, xyf3, i, j, n,
ixi, ieta, xi, eta, x1, x2, %3, x4, vl, v2, v3, v4d, z1, 22, =23, z4, xc, yc},
{{=1, y1, z1}, {x2, y2, 22}, {x3, y3, 23}, {x4, y4, z4}} = Take[xyquad, 4];
xc = {x1, x2, x3, x4}; yc = {v1l, ¥2, ¥3, y4};
Ne[xi ,eta ] :=N[{(l-xi)* (1l-eta), (L+xi) * (l-eta), (L+xi) * (L+eta), (L-xi) « (L+eta)} /4];
n = Nsub; Do[Do[ixi = (2+*i-n-1) /fn;ieta=(2*xjJ-n-1) /n;
{xi, eta} = N[{ixi-1/n, ieta-1/n}]; Nev = Ne[xi, eta] ;
xyfl = {X¢.Nev, yoc.Nev, f[xi, eta]}; {xi, eta} =N[{ixi+1l/n, jeta-1/n}]; Nev = Ne[xi,6 eta]’
xyf2 = {xc.Nev, yc.Nev, £[xi, etal}; {xi, eta} =N[{ixi+1/n, ieta+1 /n}]; Nev = Ne[xi, eta] ;
xyEf3 = {xc.Nev, yec.Nev, f[xi, eta]}; {xi, eta} =N[{ixi-1/n, ieta+1 /n}]: Nev = Ne[xi, eta] ;
xyfd = {xc.Nev, yc.Nev, £[xi, eta]}; AppendTo [pely3D, Polygon[ {xyfl, xyf2, xyf3, xy£f4}]1]~
AppendTo [1line3D, Line [ {xyfl, xyf2, xyf3, xyfd, xyfl1}]], {i, 1, Nsub}], {j, 1, Nsub}]
Show [Graphics3D[RGBCeler [1, 1, 0]], Graphics3D[pely3D], Graphics3D[Thickness[.002]],
Graphics3D[1line3D] , Graphics3D [RGBColor [0, 0, 0]], Graphics3D [Thickness[.005]],
Graphics3D[Line [xyquad] ], PlotRange —» All, BoxRatios —» {1, 1, aspect}, Boxed —» False]] ;

Ng = Table[0, {i, NNodos}] ;

xycl = {0, 0, 0}; xyc2 = {3, 0, 0}; xyc3 = {3, 3, 0},
xycd = {0, 3, 0}; xyquad = N[ {xyecl, xyc2, xyc3, xycd, xycl}];

Control de Cuadricula

Nsub = 20;

Do
fi[e_, n ] =WE[[i]]~
Ng[[i]] = PlotQuadrilateralShapeFunction [xXxyquad, £fi, Nsub, 1 /2],
{i, NNedecs}
1
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4. RESULTADOS INTERACTIVOS

e Manipulate[{CuaT5r, Ng[[n]], Nf[[n] ]}, {n, 1, Dimensicns [Nf] [[1]], 1}, {n, Range[Dimensicns [Nf] [[1]]11} .,

FramelLabel » {"FUNCION DE FORMA EN NODC n - CUADRILATERO TRANSICION 5 NODOS™},
SaveDefinitions —» True]

[ alalals

out[e9]=

(-1+7) (-1+8) (P+E+7E) ]

FUNCION DE FORMA EN NODO n — CUADRILATERO TRANSICION 5 NODOS

5. DERIVADAS FUNCIONES DE FORMA Y JACOBIANO

= FUNCIONES DE FORMA

In[70]:=
NE

oulFol= 1 1
{—Z (=1l+m) (=1+&) (m+&+n &), 7 (=1+m) (1+&) (n(=1+&) +4&),

1
4

|

(e v €emE=E2-nP &%), = (1+m) (-1+8) -E+n&), (-1+m (L+m) (-1+&) (1+6)]

= DERIVADAS FUNCIONES DE FORMA / COORDENADAS NATURALES

In[71]:=
Clear [DNf§, DNfn]

In[72]:=
DNf§ = Table [0, {i, NNodos}]

In[73]:=
DNfn = Table [0, {i, NNodos}] ;
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Do [
Nfe = Expand [NE[[i]]] -
DNEE[[i]] = Simplify [D[NE[[i]], £]];
DNfn[[i]] = Simplify [D[NE[[i]], n]];
Clear [Nfe] ,
{i, NNedecs}
1

DNf £

1 1
[S(-1+ms2e-272¢), S mlem) (1e2@em 6,

4

* 2z * 2

T (eneze-znie), ——em Ar2(-1em) 0), 2 (-1+7%) &}
DNfn

1 1
{, Fire-2n(-1+8)), - @r2n(-1-9) 1+,

1 1

S [F1e ), - (F1e ) (1e2n (14 8)), 2n (-1+%)}

MODULO GENERICCO A COMPLETAR: XX = No. Nodos

{*QuadXXTscoPShapeFunDer [ncoor ,gcoor ]:=

Module [ {Nf ,dNx ,dNy,dN§ ,dNnp ,J11 ,J12 ,J21 ,J22 ,Jdet ,§ ,n,x,v},{§,n}=gcoor;
Nf=(*Nf«x) ;

AN E= (xdNE*) ;
dirn= (+dNn=*) ;

x=Table[ncoor[[i,1]] ,{i,XX}] ry=Table[ncooxr[[i,2]],{i,XX}]~
J11=dNE.x;TJ21=dN§ .y ;T12=dNn.x ;J22=dNn .y’
Jdet=Simplify[J11+«J22-J12xJ21] ;

dNx= (J22+dNE-T21+dNn) /Jdet ;dNx=Simplify [dNx] ;
ANy=(-J12»dNE+T11 xdNr) /Jdet ;dNy=8implify[dNy] ;

Return|[ {Nf ,dNx ,dNy ,Jdet}]] ;+)
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Quad5TIsoPShapeFunbDer [nCoor , qCoor ] =

Module[{Nf, dNx, dNy, dN§, dNnp, J11, J12, J21, J22, Jdet, §, n, x, v}, {§, 7} = gcoor ;

1 1
NE={-— (1em) 148 €408, - Z (14 1+ (7 (148 +8),

1 1
" (n+n*+€+ng+8 -n* &%), S @AM (G148 (7-8408), ((1em) L) (-1+8) (1+€)}:

1 1
dN§={1 (-1en+28-2n7€), -~ (-14m (L+2(1+m O,

1 1
" (1+n+28-2n¢), -2 (1+m) (1+2(-1+m) &, 2 (-1+7°) g};

1 1
awn = {2 (-1+6-20(-1+8)), -7 @e2n(-148) A+,
1 1
" (1+8-2n(-1+8)), 3 (-1+ &) (1+2q(1+§)),2n(-1+§2)};

X = Table[ncoor([[i, 1]], {i, 5}] 7 v = Table[ncooxr[[i, 2]], {i, 5}]~
J11l = dNE.x; J21 = dNS.y; J12 = dNnp.x; J22 = dNn.vy;

Jdet = Simplify[J11 % J22 — J12 % J21] ;

dNx = (J22 % dNE - J21 % dNnp) / Jdet; dNx = Simplify [dNx] ;

dNy = (-J12 % dNE + J11 %= dNrp) / Jdet; dNy = Simplify[dNy] ;

Return[ {Nf, dNx, dNy, Jdet} ] ];

{Nf, dNx, dNy, Jdet} = QuadSIscPs8hapeFunDer [ {{xl, v1}, {x2, v2}, {x3, ¥3}, {x4, v4}, {x5, ¥v5}}, {&§, n}]1-

Jdet
1
Te (-l (-1+m) (-1+2(1+7) &) +y2 (~1+7) (1+2 (1+n) &) +
(Lam) (-8y5 (-1+m) &+y3 (-1+2 (-1+m) &) +yd (1+2 (-1+m) &)))
(-%3-%4-2x37-2x4nN+8x57-x3E+x4E+2x3INE +2xAn & -8x57E +
21 (-1+&) (m1+2n (1+&)) +x2 (L+&+2n (-1 +&))) + (x1(-1+n) (-1+2 (1L+n) & +
K2 (—1+71) (1+2 (1+7) &) + (L+7) (—8XE (-1+7) £+%3 (—1+2 (-1+7) &) +x4 (L+2 (-1+7) 1))
(-¥v3-v4-2y3n-2v4n+8ySn-y3E+ydE+2y3ne+2ydne®-8ysne’ +
vi(-1+&) (-1+2n (1+&)) +v2 (1+&+2n (-1+&%))))
dNy [[1]]

(2 (x4 (-1+&) (-1+20*+2&) +(N-8&) (R3+2x37n&+4x5 (~1l+n+E-7é&) ) +x2 (-1-2n+2&+n(3-2¢&%)]))/
(-1 (-1+m) (m1+2 (1+7n) &) +¥2 (-1+7) (1+2 (1+7) &) +
(L+7) (-8y3 (=1+%n) §+¥3 (-1+2 (-1+7m) &) +y4 (L+2 (-1+7) &)))
(—x3—X4—2x3n—2x4n+8x5n—x3§+x4§+2x377§2+2X4T}§2—8x5n§2+x1 (—1+&) (-1+27n (1L+&)) +
%2 (1+E+2n (-1+&))) +(xL(-1+m) (-1+2(1+7) &) +x2 (-1+m) (L+2 (L+7m) &) +
(1+7) (-8x5 (-1+7m) £+x3 (-1+2 (-1+7m) &) +x4 (1+2 (-1+7) &) [-v3-v4-2y3n-2ydn+8y5n-
V3E+yd E+2y3n &R +2ydngR-8y5n&t vyl (m1+&) (-1+2n (1+&)) +y2 (1+&+2n (-1+&%))))



i Rl e = S & TeEVAM D JIWITY Al ATE A Al Tl M Ve e TR

coorn = {x1 -0, vl >0, %2251, yv2-50,x3->1,y3>1/2,%4->50,v4->1/2,x5->1/2,v4->1/4}

1 1 l}

1
{xleO,yleO,xZel,y@%O,x3%1,y3%7,x460,y4%7,x597,y4%7
2 2 z 4

dNx /. coorn

MODULO GENERICO: XX = No. Nodos, YY = Grados Libertad

(*QuadXXTIsoPMembranesStiffness [ncoor mprop ,fprop ,options ]:=Module[{i,].,k,p=7 numer=False,
Emat ,th=1,h,gcoor,c ,w,Nf ,dNx,dNy,Jdet ,B ,Ke=Table[0, {YY}, {YY}]} ,Emat=mprop[[1]] -
If [Length[eopticons]==2, {numer ,p}=coptions, {numer}=options] ;
If [Length[fprop]>0,th=fprop[[1]]] "~
If[p<l]| |p>4,Print["p out of range"”] ;Return[Null]] -
For [k=1,ksp*p,k++,
{gecoor ,w}=QuadGaussRuleInfo [ {p,numer} , k] ;
{Nf ,dNx,dNy,Jddet}=0uadXXIsoPShapeFunDer [ncoor ,Jcoor] ;
If [Length[th]==0,h=th h=th.Nf] ;e=w+Jdet+h;
B={Flatten[Table[{dNx[[i]].,0},{i,XX}]].
Flatten[Table[{0,dNy[[i]]},{i,¥X}]] ,Flatten[Table[{dNy[[i]],dNx[[i]]},{i,XX}]11};
Ke+=Simplify[cxTranspose [B] . (Emat .B)] ;] ;
Return[Simplify[Ke]]] ;%)

QuadSIsoPMembraneStiffness[ncoor , mprop , fprop , options ] :=
Module[{i, j, k, p = 7, numer = False, Emat, th =1, h, gqcoor, c, w,

Nf, dNx, dNvy, Jdet, B, Ke = Table[0, {10}, {10}]}, Emat = mprop[[1]] -
If [Length[opticns] == 2, {numer, p} = opticns, {numer} = opticns] ;
If [Length[fprop] > 0, th = fprop[[1]]] /
If[p<1l||p>12, Print["p cut of range"]; Return[Null]]:;
For[k=1,k<sp*xp, k++,

{gcoor, w} = QuadGaussRuleInfo[{p, numer}, k],

{Nf, dNx, dNy, Jdet} = QuadSIscoPShapeFunDer [ncoor, qooor] ;

If [Length[th] == 0, h=th, h = th.Nf]; ¢ =w % Jdet +h;

B = {Flatten[Table [{dNx[[i]], 0}, {i, 5}11.

Flatten[Table[{0, dNy[[1]]}, {i, 5}]] ., Flatten[Table[{dNy[[i]], d¥x=[[1]]}, {i, 5}11}~

Ke += Simplify[c » Transpese [B] . (Emat.B) ] ] -
Return[Simplify[Ke]]] s

B = {Flatten[Table [{dNx[[i]], 0}, {i, 5}]11,
Flatten[Table[{0, dANy[[i]]}, {i, 5}]], Flatten[Table[ {dNy[[i]], dNx[[i]]}, {1, 5}1]1}:
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B // MatrixForm

(w1l (-1+4m) (=142 (1+m) ) +w2 (-14m) (142 (1+n) E1+(l+n) (-8 %5 (-1+1) S+w3 (-1+2 (-147) &) +v4 (1+2 (-1+1) £)1) (—x3—x4—2 23 -2 24 n+8 x5 n-x3 £+x4 £+2

v - WL (=14 (S142 (1+4m) £)+vz (-14m) (142 (1+m) &)+ (14m) (-8B w3 (-1+m] £+¥3 (-1+2 (-1+m) &) +¥4 (1+2 (-1+7m) £))) (—XS—X4—2 X3 -2 ¥4 1+8 X0 n-x3 £+x4 £+2

Fullsimplify [dNx[[1]] /. coorn]

(-1+7) (1+n (2+8y5 (-1+&) -4&) +2&(-2-475 (-1+£) +&))
2 (1+2(-1+4y5)n [-1+&%))

Fullsimplify[B /. coorn] // MatrixForm

(-1+n) (141 (2+B w5 (-1+&) -4 £1+2 £ (-2-4¥5 (-14§) +£)) 0 (-1+m) (-1+2 & (-2-£+4 V5 (1+£)) 47 |
Z (1+2 (-1+a¥5) 7 (-1+82)) 2 (1+2 (-1+2w5) 5 [-1
0 ~1+£-2 7 [-1+£2) 0
142 (-1+4¥5) n (-1+£7)
~lig-2n (-1+£2) (—1am) (141 (248 %5 (-1+8) —4 £)+2 & (—2-4v5 (—1+51+51) (1+2 7 (-1+&1) (1
1+2 (-1+4¥5) 1 (-1+82) 2 (142 (-1+4y5) n [-1+£72]) 142 (-1+d4y3) 7y (-1

Emat =Em / (1 -nu"2) « {{1, nu, 0}, {nu, 1, 0}, {0, O, (L -—nu) /2}};
Integrande = Jdet * h * Transpcose [B] . (Emat .B) ;
matern = {Em-» 96, nu»>1/3, h-> 1}

1
{Em996, nuéf,hél}
3

Simplify[Integrando /. coorn /. matern] // MatrixForm

A very large output was generated. Here is a sample of it

{==l>=)

Show Less || Show More || Show Full Output || Set Size Limit..
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L, n -> —L}] // MatrixForm

V3 k)

S:i_mpl:i.fy[Integrando /. coorn /. matern /. {§ - -

FOEAAT ~ E AL DD~ 3664171 3 -144 (7+3 3 )yE: 3 (7+3 13 ) (-5+16 v5)

9-4-/2 +16-2 w5 4 (9-4 3 2163 yE:) 18-8 43 432 2 w5

39 (38+21 /?)

1 (974 %3 +l6w3 y5)

36-16+ 3 +64 3 5

8 56T = T 3 (7+3 /?) {-5+16v5) ] (74+49 \.'?) _as (7+3 \?) v

9-4-/3 +16-/3 vs5 18-B-3 +32-/3 v5 a (974—/3 416 2 yE.)

366+171 3 -144 (7+3 ?) v5 3 (7+3 J?) (-5+16 v5) 3 (219-59 J3 288 (-3+ /?) vE+1536 yﬁz) 3 (9-12 73 +16 (1+3 ?) y5)

4 (974 Y3 slE 3 yE) 18-8 /3 +32 -/3 v5 4 (974 W3 siEw 3 y5) 9-4+/3 +16+v3 ¥5

3 (222+9 J3 +96 (-3+,.3 ) v5+512 y52:

9 (74+49 i3 )—48 (7+3 i3 )y5

3 (7+3 IE: ) (—5+16v5) 3 (9-12 /3 +16 (1+3 i3 )yS)

18-8 3 +32 3 v5 4 (9-4—,.-3 +AE = 3 y5) 9-4 3 +16 3 v5 4 [9-4—/3 +16 <3 ys)
3 (77+3 «3 ) {-5+16v5)
18-8-/3 +32 -/3 v5

3 (775+54 %3 +16 (77+3 %3 )yﬁ)
a (9—4-/3_+16 \F'E_yfn)
)

- - 3 [957361. 3 +48 (77+3 +3 ) ys)

9_4-/3 +16 3 w5

26-16 V3 +64 2 5 4 (9-4 3 +163 yE:)

as 428 3 (77+3—.,.3 ) {-5+16 v5)
9-4-/3 +16-/3 v5 36-16 -3 +684-+3 v5

3 (—73—36:.-3 +48 (7+3 =3 ) y5)

18-8+3 +32+/3 w5

3 (7+3:.-3 ) (-3+16 v5) 3 (187-72—,:3 +96 (-a+3—,;*'3 )y5+1536y52) 6 (7-6—/3 +24-/3 S

1603 +32-73 w5 9-4-/3 +16+/3 w5

4 (974 3 silE3 yE)

2 (7+3 %3 ) (-2+16v5)

_392-324-/2 +48 (7+3—\.3 )y5

4 (974-/3_+16-/'3_y5)

& (7—6\-”3‘ B0 D yE:)

18-8 -/3 +32 /3 w5
14 (9+7-/3 |
~4+3-/3 +16v5
8 (9+7 ’3_)

4433 +16y5

4 (9—4*,."37+16:.-37 y5)
B [9+7 /3 |
-4+3-/3 +16vyS
26 (9+7 \-’3_)

443 -3 416 w5

9-4-/3 +16-/3 v5

2 [797317.\.3 4963 ys)

—44+3 +/3 +16vS

24 (~5+16 ¥5)
9-4-/3 +16-/3 w5

2 (201-24—\.-3 +32 (-B+3 =3 ) V54512 v

4 (9—4::?+16*,:‘37 ySJ
24 (-5+16v5)
9-4-/3 +16-/3 w5

198+42 3 G4 3 w5

4.3~3 -16y5

<< NumericalDifferentialEquationanalysis " ;

? GaussianQuadratureWeights

GaussianQuadratureWeights[n, a, b, prec] gives a list of the pairs {abscissa, weight} to prec digits precision for the

elementary n—point Gaussian quadrature formula for quadrature on the interval a to b. The argument prec is optional. >

QuadGaussRuleInfo[ {rule , numer }, point ] :=Module[{xi, eta, pl, p2, il, i2, wl, w2, k, info = Null},
If [Length[rule] == 2, {pl, P2} = rule, pl = p2 = rule] ;
If [Length[point] ==2, {il, i2} = point, k = point; i2 =Floor[(k-1) /pl] +1;il=k-pl+ (i2-1)];
{xi, wl} = GaussianQuadratureWeights[pl, -1, 1] [[i1]] -
{eta, w2} = GaussianQuadratureWeights[p2, -1, 1] [[i2]] -
info = {{xi, eta}, wl *w2};
If [numer, Return[N[info]] , Return[S8implify[info]]] -
17

guadGaussRuleInfo[ {25, False}, 1]

{{-0.995557, -0.5995557}, 0.000129819}
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QuadGaussRuleInfo[ {rule , numer }, point ] :=Module[{xi, eta, pl, p2, i1, i2, wl, w2, k, info = Null},
If [Length[rule] == 2, {pl, P2} = rule, pl = p2 = rule] ;
If [Length[point] == 2, {il, i2} = point, k = point; i2Z =Floor[(k-1) /pl] +1;il=k-pl+ (i2-1)];
{xi, wl} = LineGaussRuleInfo[ {pl, numer} b il] ;
{eta, w2} = LineGaussRuleInfo[{p2, numer}, i2] ;
info = {{xi, eta}, wl w2} ;
If [numer, Return[N[infe]] , Return[S8implify[info]]] /] -

LineGaussRuleInfo[ {rule , numer }, point ] :=
Module[{g2 = {-1, 1} /sgrt[3], w32 ={5/9,8/9,5/9}, g3 ={-8grt[3 /5], 0, sgqrt[3/5]},
wd = {(1/2) -8grt[5/6] /6, (1L/2) +8grt[5/6] /6, (1/2) +8grt[5/6] /6, (1/2) —-8grt[5 /6] /6},
gd = {-Sgrt[(3+2%8Sgrt[6/5]) /7], -sgrt[(3-2«x8Sgrt[6/5]) /7],
Sgrt[(3 -2+ 8grt[6 /5]) /7], Sgrt[(3 +2«8grkt[6/5]) / 7]}, g5 = {-Sgrt[5+2x8Sgrt[10/7]],
-8grt[5 -2 % Sgrt[10 /7]], O, Sgrt[5 -2 %« Sgrt[10/7]]., Sgrt[5+2 x8Sgrt[10/7]]1} / 3,
w5 = {322 - 13 » Sgrt [70], 322 +13 » Sgrt[70] , 512, 322 + 13 » Sgrt[70], 322 -13 » Sgqrt[70]} / 900,
i=peint, p = rule, info = {Null, 0}},
If[p==1, info = {0, 2}] -
If[p == 2, info = {g2[[i]], 1}]
If[p == 3, info = {g3[[i]], w3[[i]]1}]+
If[p == 4, info = {g4[[1]], wA[[1]1}];
If[p == 5, info = {g5[[i]], w5[[1]]1}]
If [numer, Return[N[info]] , Return[Simplify[info]]] -
1:

QuadGaussRuleInfo[ {2, False}, 1]

4 3
1
RectangulceT = J 8
I

RectanguloTr = Show[RectanquloT, ImageSize —» 250]

N o3
T ~
a
lC- {}2
2(.1 E——
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= DEFINCION COORDENADAS NODOS ELEMENTO - ANSYS CLASSIC

o IMAGEN DEL MODELO EN ANSYS

In[104]:=
RectangulcA = B

e RectangulcAr = Show [Rectanguleoad, ImageSize - 450]
ELEMENTS m
e i T
Out[105]=
o DATOS COORDENADAS NODALES EN ANSYS
In[108]:=
Nodes = {({0.7, 0.7}, {1.7, 0.7}, {0.5°, 0.7}, {1.°, 0.5},
{1.%, 0.25"}, {0.°, 0.5}, {0.5°, 0.5}, {0.°, 0.25"}, {0.5", 0.257}};
In[107]:=
Dimensions [Nodes] [[1]]
out{107]=

S



In[108] =

out[108]=

In[109]:=

Out[108]=

In[110])=

Out[110]=

In[111]:=

In[112] =

CuaT5r
&
g —
* - .
d
RectanguloAr
ELEMENTS A'N
DEC 1z 2011
ELEM NITM

08:33:2%9

ncoor = {Nodes[[1]], Nodes[[2]] , Nedes[[4] ], Nodes[[6]] , Nodes[[2]]}

0., 0.3, {1., 0.3, {1., 0.5}, {0., 0.5}, {0.5, 0.25}}

a=1/2;

neoor = {{0, 0}, {2%a, 0}, {2+a, a}, {0, a}, {a, a/2}};

= DEFINICION DEL MATERIAL

In[113] =

ClearAll[Em, nu, a, b, e, h, p, num]; h = 1;

A Rk el et

A e S Ve

P e il

DATOS SEGUN EMNUNCIADO
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Em=96%30;nu=1/3; (xisotropic materialx)

Emat =Em / (1 -nu"2) = {{1, nu, 0}, {nu, 1, 0}, {0, 0, (L -nu) /2}}:

Emat // MatrixForm

(3240 1080 0
1080 3240 0
0 0 1080 ¢

NF = NHNodos % 2. ;

NF - 3
NG = —
3
2.33333
Se necesitan como minimo 3 Puntos ——- Regla 2 x 2 minima

BUCLE GENERICO: XX = No. Nodos, %ZE = GRADOS DE LIBERTAD - 3

(*For [p=1l, p=s5, p++,
Ke=QuadXXTIscPMembranesStiffness [nceocor , {Emat ,0,0}, {h}, {True,p}] -
Print ["Gauss integration rule: ",p," x ",p]:’
Print ["Ke=",Chop[Ke] / /MatrixForm] ;
Valores=Chop[Eigenvalues [N[Ke]]] -
If [Valores[[22]]#0,Break[] ,Print ["Valores proprios matriz Ke=" ,Valores]]
17
Print ["Valores propricos matriz Ke=",Valores] ;
Print ["tenemos la suficiencia de rango para p=",pl=)

For [p=1, p=5, p++,
Ke = Quad5IsoFMembranestiffness [ncoor, {Emat, 0, 0}, {h}, {False, p}]-
Print["Gauss integration rule: ", p, " x ", p];
Print["Ke=", Chop[Ke] // MatrixForm] ;
Valores = Chop [Eigenvalues[N[Ke]]] -
If[Valores[[5]] # 0, Break[], Print["Valores proprios matriz Ke=", Valores]]
1~
Print ["Valores proprios matriz Ke=", Valores] ;
Print ["tenemos la suficiencia de rango para p=", p]
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Gauss integration rule: 1 x 1

945 540 135 0 -945 -540 -135 0 o 0y
540 1755 0 1485 -540 -1755 0 -1485 0 0
135 0 945 -540 -135 0 -945 540 o0
0 1485 -540 1755 0 -1485 540 -1755% 0 O
e -945 -540 -135 0 545 540 135 0 o0
-540 -1755 0 -1485 540 1755 0 1485 0 0
-135 0 -945 540 135 0 945 -540 0 0
0 -1485 540 -1755 0 1485 —-540 1755 0 0
0 0 0 0 0 0 0 0 o0
0 0 0 0 0 0 0 0 o 0/
Valores proprios matriz Ke={6709.19, 2700., 1390.81, 0, 0, 0, 0, O, O, O}

Gauss integration rule: 2 x 2

{1820 1020 380 0 -0 -60 110 0 —2240 9260
1020 3380 0 1240 - 60 -130 0 -1030 -%9&0 -41860

380 0 1820 —-1020 110 0 -0 60 —2240 960

0 1940 -1020 3380 0 -1030 60 -130 960 -4160

e -0 -60 110 0 1820 1020 380 0 —-2240 —-9260
-60 -130 0 -1030 1020 3380 0 1940 -960 -4160

110 0 -70 &0 380 0 1820 -1020 -2240 960

0 -1030 a0 -130 0 1940 -1020 3380 960 —-4160

-2240 -%&0 -2240 960 -2240 -%960 -2240 960 3960 0
-960 -4160 260 -4160 -960 -4160 260 —-4160 0 16640 )

Valores proprics matriz Ke={21033., 11692.7, 670%.19, 2700., 1847.31, 1390.81, 1026.96, 0, 0, 0}

tenemos la suficiencia de rango para p=2

For [p=3, ps£5, p++,
Ke = Quad5IsoFMembranesStiffness [nhcoor, {Emat, 0, 0}, {h}, {False, p}]:~
Print["Gauss integration rule: ", p, " x ", p]-;
Print["Ke=", Chop[Ke] // MatrixForm] ;
Valores = Chop [Eigenvalues[N[Ke]]] -
Print["Valores proprios matriz Ke=", Valores] ;
Print["tenemes la suficiencia de range para p=", pl

1~
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Gauss integration rule:

1932
1020
492
0
42
-60
222
0
-2688
-9460

Valores proprios matriz Ke={25152.9,
tenemos la suficiencia de rango para

Gauss integration rule:

1932
1020
492
0
42
60
222
0
2698

L —960

Valores proprios matriz Ke={25152.9,
tenemos la suficiencia de rango para

Gauss integration rule:

19832
1020
492
0
42
-60
222
0
-2688
-960

Valores proprios matriz Ke={25152.%, 13840.7, 6709.19, 2700., 1939.33, 1390.81, 1067.14, 0, 0, 0}

p— e & e T

1020
3588
0
2148
-60
78
0
—-822
- 960

-4552

1020
3588
0
2148
-60
78
0
-822
- 960

-4592

1020
3588
0
2148
-60
78
0
—-822
- 960
-4992

492
0
1932

-1020

222
0
42
a0

-2688

560

492
0
1932

-1020

222
0
42
60
-2688
S50

492
0
1932
—-1020
222
0
42
a0
-2688
960

o I A AT Al Bl e M Ve e T

3 x 3

0
21438

-1020

3588
0
-822
a0
78
960

-4952

4 ®x 4

0
2148

-1020

3588
0
-822
&0
78
260

-4992

5 x 5

0
21438
-1020
3-8s
0
-822
60
78
960
-4992

42
- 60
222
0
1332
1020
492
0

-2688

-960

42
- 60
222

0
1932
1020
492

0
—-2688
-960

42
- 60
222
0
1332
1020
492
0
-2688
-960

-60
78
0
-822
10z0
3588
0
2148
-960

-4552

13840.7, 6709.19, 2700., 1939.33, 1390.81, 1067.14, 0, 0, 0}

p=d

-60
78
0
-822
1020
5588
0
2148
-5960

-4592

13840.7, 6708.12, 2700., 1932.33, 1350.81, 10&67.14, 0, 0O, O}

p=4

-60
78
0
-822
1020
3588
0
2148
-960
-4992

tenemos la suficiencia de rango para p=5

TrapecioT =

222

0
42
60

452

0

1932
-1020
-2688

960

222

0
42
&0

452

0

1832
-1020
-2688

960

222
0
42
60
492
0

1932
-1020
-2688

960

0
-822
a0
78
0
2148

—-10Z2Z0

3588
960

—-4952

0
-822
60
78
0
2148

—-1020

3588
260

—45992

0
-822
a0
78
0
2148
-1020
3588
960
-4992

-2688
-960
- 2688
960
- 2688
-960
-2688
260
10752
0

-2688
-960
-2688
260
-26886
-9560
—-2688
260
10752
0

- 2688
-960
- 2688
260
-2688
-960
-2688
260
10752
0

- 960
- 4992
960
- 4992
— 960
- 4992
960
— 4992
0
19968

~ 960
-4592
560
4582
- 960
4952
960
4952
0
193968 |

- 960
4992
960
4592
- 960
4992
960
4992
0
19365
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In[125]:=
TrapecioTr = Show[TrapecioT, ImageSize —» 250]

b) l-— [ —
4
T ! 3
Cut[125]= a
PN
1 2

= DEFINCION COORDENADAS NODOS ELEMENTO - ANSYS CLASSIC

.Ml
In[128]:=
TrapeciodA = g
In[127]:=
TrapecioAr = Show[TrapecioA, ImageSize - 450]
ELEMENTS m
DEC 12z ZD11
BhE e 08:38:34
out[127]=
In[128]:=

Nodes = {{0.%, 0.}, {1., 0.7}, {0.5°, 0.}, {0.5°, 0.5"},
{0.75°, 0.25°}, {0.°, 0.5}, {0.25°, 0.5}, {0.°, 0.25°}, {(0.25~ +0.5") /2, 0.25"}};
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In[129]:=
Dimensions [Nodes] [[1]]

out[129]=

S
In[130]:=
CuaR4r
‘.‘ £z q
out[130]=
. )
In[131]:=
TrapecioAr
ELEMENTS A'N
DEC 12 Z011
ELERLNLIE 08:34:32
Qut[131]=
In[132]:=
ncoeor = {Nodes[[1]], Nodes[[2]] , Nedes[[4] ], Nodes[[6]] , Nodes[[9]]}
out[132]=

(0., 0.}, {1., 0.}, (0.5, 0.5}, {0., 0.5}, {0.375, 0.25}}

= DEFINICION DEL MATERIAL

In[133%:=
ClearAll[Em, nu, a, b, e, h, p, num]; h = 1;
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Em=96;nu=1/3; (¢#isotropic materials)
Emat =Em / (1 -nu"2) = {{1, nu, 0}, {nu, 1, 0}, {0, O, (L -nu) /2}}:

Emat // MatrixForm

36 108 O

[108 36 0 °
L0 0 36 )

NF = NHNodos % 2. ;

NF - 3
NG = —
3
2.33333
Se necesitan como minimo 3 Puntos —- Regla 2 x 2 minima

BUCLE GENERICO: XX = No. Nedos, ZZ2 = GRADCS DE LIBERTAD - 3

(*For [p=1l, p=s5, p++,
Ke=QuadxXXTIscPMembraneStiffness [ncoor , {Emat ,0,0}, {h}, {True,p}] -
Print ["Gauss integration rule: " ,p,"” x ",p]:’
Print ["Ke=",Chop[Ke] / /MatrixForm] ;
Valores=Chop[Eigenvalues [N[Ke]]] ;s
If [Valeores[[ZZ2]]#0 ,Break[] ,Print ["Valores proprics matriz Ke=" ,Valores]]
17
Print ["Valores propricos matriz Ke=",Valores] ;
Print ["tenemos la suficiencia de rango para p=",pl=*)

For [p=1, p£5, p++,
Ke = Quad5IsoPMembranesStiffness [ncoor, {Emat, 0, 0}, {h}, {True, p}]-
Print["Gauss integration rule: ", p, " x ", p]’
Print["Ke=", Cheop[Ke] // MatrixForm] ;
Valores = Chop[Eigenvalues[N[Ke]]];
If[Valores[[5]] # 0, Break[], Print["Valores preopriocs matriz Ke=", Valores]]
1-
Print ["Valores proprios matriz Ke=", Valores] ;
Print ["tenemos la suficiencia de rango para p=", p]
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Gauss integration rule: 1

42.
24.
-6,
=B

—42.
-24.

a.
G,
0

0

24.
78.
-6,
30.
-24.
-78.
a.
-30.
0
0

=B =Bc
=B 30.
24. -12.
-1z2. 24.
6. @0
6. -30.
-24. 12.
12. —-24.
0 0
0 0

o I A AT Al Bl e M Ve e T

x 1

—-42.
-24.

G,
6.
42,
24.
-6,
-6,
0
0

-24. ® o
-78. ® o
@ —-24.
-30. 12.
24. =B0
78. =®c
-6, 24.
30. —-1Z2.
0 0
0 0

6. 0 0
-30. 0 O
l1z. 0 0O
-24. 0 0
-6. 0 0
30. 0 O
-12. 0 0
24. 0 0

0 0 0

0 0 0

Valores proprios matriz Ke={200.21e, 84., 51.7841, 0, 0, 0, 0, 0, O, O}

Gauss integration rule: 2

f72.9231

39.6923
9.23077
-3.23077
-3.23077
-1.84615
13.3846
2.307693
-92.3077
-36.9231

®x 2

39.6923 9.23077
133.846 -3.23077
—-3.23077 43.8462
53.5385 -18.4615
-1.84615 18.9231

-6. 13.384¢6
2.30769 -1.84615
—-22.6154 0.923077
-36.9231 -70.1538
-158.76% 7.38462

—-3.23077
53.5385
—-18.4615
46.6154
13.3846
=B«
0.3523077
—-1.84615
7.38462
—-922.3077

-3.23077
-1.84615
18.5231
13.3846
93.6923
53.5385

-6.

- 6.
-103.385
-59.0765

-1.8461> 13.3846
=Bc 2.30769
13.3846 -1.84615
=Bc 0.923077
53.5385% -6,
174. -6.
=Bc 53.5385
30. -26.7692
-59.0762 -595.0769
-132. 29.53850

2.307695
-22.6154
0.923077
-1.84615
-6.
30.
-26.7692
53.5385
29.5385
=88, 076Y

-92.3077
-36.9231
-70.1538
7.384862
-103.385
-59.0769
-59.07693
292.5385
324.923
29,0763

-36.9231 -

-158.769
T7.38462
-92.3077
-59.0769
-1%92.
29.5380
-59.0769
59.0769
L02.154

Valores proprios matriz Ke={693.004, 358.658, 200.508, 55.4466, 64.9622, 40.399, 26.0995, 0, 0, 0}

tenemos la suficiencia de rango para p=2

For [p = 3,

pssl

P++,

Ke = Quad5IsoPMembranestiffness [ncoor, {Emat, 0, 0}, {h}, {Trus, p}] -~

Print["Gauss integration rule:

" n
s P

Print["Ke=", Chop[Ke] // MatrixForm] ;
Valores = Chop [Eigenvalues[N[Ke]]] -

Print["Valores proprios matriz Ke=",

x ", pl;

Valores] ;

Print["tenemes la suficiencia de range para p="

r

: Pl

/



Gauss integration rule: 3 x 3

76.9143 40.1905 13.1048 -2.634%92 0.819048
40.1905 140.584 -2.63492 60.3937 -1.39683
13.1048 -2.63452 47.9937 -17.6508 22.6603
-2.63492 60.3937 -17.6508 53.8222 13.873

0.819048 -1.392683 22.6603 13.873 97.8584

-1.39683 0.679365 13.873

17.2 2.95238 2.4381 1.84127 -2.41905
2.95238 -15.7016 1.84127 5.53651 -5.492206
-108.038 -39.1111 -86.1%68 4.57143 -118.959
-392.1111 -185.956 4.57143 -120.432 -60.9524

0.679365 53.9683

A Rk el et

17.2 2.95238
2.95238 -15.7016
2.4381 1.84127
1.84127 5.53651

-2.41505 -5.49206
-5.49206 36.6794
58.0571 -25.7143
-25.7143 61.1556
-75.2762 26.4127
26.4127 -87.6698

A e S Ve

-108.038
-39.1111
-86.1968
4.57143
-118.5553
-60.9524
-75.2762
26.4127

388.47

69.0794

P e il

-39.1111 ¢
-185.956
4.57143
-120.432
-60.9524
-218.717
26.4127
-87.6698
69.07394
612.775

Valores proprios matriz Ke={3824.337, 465.796, 201.069, S6.1508, 65.6322, 43.83, 31.4249, 0, 0, 0}

tenemos la suficiencia de rango para p=3

Gauss integration rule: 4 x 4

76,9724 40.20586 13.1664 —-2.61682 0.885%981
40.2056 140.621 -2.61682 ©60.4336 -1.38318
13.1664 -2.61682 48.0636 -—-17.6262 22.7178
-2.61682 60.4336 —17.6262 53.8729 13.8879
0.885981 -1.38318 22.7178 13.8879 a7.98701

-1.38318 0.71401% 13.887% 0.71401% 53.9813
17.2598 2.971946 2.51215 1.86916 -2.36636
2.971%6 -15.6598 1.86916 5.59252 -5.47664
-108.232 -39.1776 —-86.45%8 4.485%8 -112.207
v —39.1776 -186.108 4.48598 —-120.613 -61.00823

17.2538 2.971%96
2.971%6 -15.6598
2.51215 1.86%916
1.86%16 5.59252
-2.36636 -5.47664
-5.47664 36.714

£58.1383 —-25.6822
-25.6822 61.2187
-75.543% 26.3178
26.3178 -87.8654

-108.292
-35.1776
-86.4598
4.48598
-115.207
-61.00%93
-75.5439
26.3178
389.503
69.3832

-39.1776
-186.108
4.438598
-120.613
-61.0093
-218.856
26.3178
-87.8654
69.3832
613.443

Valores proprios matriz Ke={825.354, 466.797, 201.076, 86.1624, 65.7088, 43.9427, 31.4822, 0, 0, 0}

tenemos la suficiencia de rango para p=4

Gauss integration rule: 5 x 5

76.2814 40.2061 13.1682 —-2.61628 0.8878286
40.2061 140.622 -2.61628 60.4348 -1.38277
13.1682 -2.61628 48.0656 —17.6254 ZZ2.7185
-2.6l1l628 60.4348 —-17.6254 53.8744 13.8883
0.887986 -1.38277 22.7195 13.8883 97.9722

-1.38277 0.71505%6 13.8883
17.2616 2.97255 2.51437 1.86999 -2.36478
2.97255 -15.6586 1.86595 5.5542 -5.47617
-108.299 -39.17%96 -86¢6.4677 4.48342 -119.215
-39.17%6 -186.113 4.48342 -120.619 -61.0111

0.715%056 53.9817

17.2616 2.97255 -108.295
2.97255 -15.6586 -39.179¢6
2.951437 1.8659922 -86.4677
1.86985 5.5942 4.48342
-2.36478 -5.47617 -119.215
-5.47617 36.7151 -61.0111
58.1407 -25.6813 -75.5519
-25.6813 61.2206 26.31483
-75.5519 26.3149%9 389.534
26.3149 -87.8713 69.3923

-39.179a
-186.113
4.48342
-120.619
-61.0111
-218.86
26.3149
-87.8713
69.3923
613.463

Valores proprios matriz Ke={3825.384, 466.827, 201.076, 96.1627, 65.7003, 43.9445, 31.4839, 0, 0, 0}

tenemos la suficiencia de rango para p=5



