ELEMENTO CUADRILATERO -4 NODOS

Implementacién en Mathematica
v.2018

1. DATOS INICIALES

= INICIO

In[1]:=

In[9]=

out[g)=

C:\H0-Modulos-M30x MeF-10\AM308-m6-aba-swm\1ll-T-cunadrilatero—1i

= DEFINICION NODOS - COORDENADAS NATURALES

o DEFINICION GRAFICA

. - *

Infay=

In[s]:=

outs)=

& .

o COORDENADAS NATURALES NODOS

o _
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NNodeos = Dimensicons[Cn] [[1]]

ElementPlot [b List, options 1

asa = Select[{options},

:= Module[ {asa, color, nr, circles, lines},

((! sameQ[#[[1]], NoedeColor]) && (! SameQ[#[[1]] , NodeSize])) &] -,
{color, nr} = {NodeColeor, NodeSize} /. {eoptions} /.

{NodeColor —» GrayLevel[0], NodeSize » PointSize[0.06]} ;
circles = Map[Peoint [#] &, Partition[Flatten[b], 2]] -
lines = Line[Append[b[[1]], First[b[[1]]]11]~

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

pts = {Cn[[1]], cn[[2]], Cn[[3]], Cn[[4]]};

Imagen = ElementPlot [ {pts}, AspectRatioc » 1, PlotRange » {{-1.5, 1.5}, {-1.5, 1.5}},
ImageSize » 150, Frame -» False, NodeColor » RGBCclor [0, O, 1]]

Cu = Table[0, {i, 4}] -

Cul[[1]] = (n+1);Cul[[2]] = (§-1);Cu[[3]] = (n-1)7cCul[4]] = (§+1});

N¢ = Table[0, {i, NNodos}] ;
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o Tipo 1 - ESQUINA

o _
out[21]=
(1+m) (-1+¢g)
out[23)=
(L+m) (1+&)
out23al=
(=1+m) (1+&)
In[24] =
out[24]=

(=1+n) (=1+¢)

= OBTENCION FUNCIONES DE FORMA

o _
o _
o _
m[28]= _

MNodo 1

MNodo 2

Modo 3

MNodo 4
In[29]:=

Cut[ 294 MatrixForm=

S(-1+7) (-1+8) )
(=1+7) (1+&)
(L+7m) (1+&)
(L+7) (-1+&)

[ N e
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NNodos
Suma = Z NE[[i]]
i=1
1 1 1 1
(=1+m) (*1+§)*4 (L+m) (-1+&) - ; (=1+7m) (1+&) +4 (L+m7) (1+&)

Simplify[%]

OK

PlotQuadrilateralShapeFunction [Xycuad , £ , Nsub , aspect ] :=
Module[{Ne, Nev, 1ine3D = {}, pely3D = {}, xyfl, xyf2, xyf3, 1, j, n,
ixi, ieta, xi, eta, x1, x2, x3, x4, vl, v2, ¥v3, yv4, zl1, z2, z3, z4, xc, yc},
{{x1, y1, z1}, {x2, y2, 22}, {x3, y3, 23}, {x4, y4, z4}} = Take[xyquad, 4];
xe = {x1, X2, %3, x4}; ye = {yl, y2, ¥3, v4}:
Ne[xi ,eta ] :=N[{{(1-x%1i)*(l-eta), (L+xi) * (l-eta), (L+=x1) » (L+eta), (1-xi) = (L+eta)} /4]:;
n =Nsub; Do[Do[ixi = (Z2*xi1i-n-1) /n;ieta=(2xjJ-n-1) /n;
{xi, eta} =N[{ixi -1 /n, ieta-1/n}]; Nev = Ne[xi, eta] ;
xyfl = {xc.Nev, yc.Nev, £[xi, etal]}; {xi, eta} =N[{ixi+1/n, ieta-1/n}]; Nev = Ne[xi, eta] ;
xyf2 = {xc.Nev, yc.Nev, £[xi, etal}; {xi, eta} =N[{ixi+1/n, ieta+1 /n}]; Nev = Ne[xi, eta] ;
xyEf3 = {xc.Nev, yc.Nev, £[xi, etal}; {xi, eta} =N[{ixi-1/n, ieta+1 /n}]; Nev = Ne[xi, eta] ;
xyf4 = {xc.Nev, yc.Nev, £[xi, eta]}; AppendTo [pely3D, Polygon|[ {xyfl, xyf2, xyf3, xyf4}]]~
AppendToeo [line3D, Line [ {xyfl, xyf2, xyf3, xyfd, xyf1}]], {i, 1, Nsub}], {j, 1, Nsub}]
Show [Graphics3D[RGBCeolor[1l, 1, 0]], Graphics3D[poly3D], 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}; xye3 = {3, 3, 0},
xycd = {0, 3, 0}, xyquad = N[ {xycl, xyc2, xyc3, xycd, xycl}];

Control de Cuadricula

Nsub = 10;

Do [
fif[€ , n ] =WE[[i]]~
Ng[[i]] = PletQuadrilateralShapeFunction [Xxygquad, £fi, Nsub, 1 /2],
{i, NNeodos}
1~
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4. RESULTADOS INTERACTIVOS

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

FramelLabel —» {"FUNCION DE FORMA EN NODC n - CUADRILATERO REGULAR 4 NODOS"}, SaveDefinitions - True]

. B

Out[a7]=

FUNCION DE FORMA EN NODO n — CUADRILATERO REGULAR 4 NODOS

5. DERIVADAS FUNCIONES DE FORMA Y JACOBIANO

= FUNCIONES DE FORMA

In[as] =
Nf

Out[38]= 1
{

1 1 1
(=1+7m) (=1+&), = (=1+m (1+&), (L+m) (1+&), - (L+n) (-1+8)}
4 4 4 4

= DERIVADAS FUNCIONES DE FORMA / COORDENADAS NATURALES

In[34].=
Clear [DNf§, DNfn]

In[40]:=
DNf§ = Table [0, {i, NNodes}] ;

In[41]:=
DNfn = Table [0, {i, NNodos}]
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o PROCESO DE CALCULO

Inf42] =

o RESULTADOS

Inf42]:=

out[43)=

In[44].=

Cutf44]=

1 1
I—(-1+8, —(-1-¢&),
4 4

= MODULO CALCULO FUNCIONES DE FORMA Y JACOBIANO

o MODULO GENERICO A COMPLETAR

MODULO GEWNERICO A COMPLETAR: XX = No. Nodos
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Quad4IsoPBShapeFunDer [ncoor , gooor ] :=
Moclule[{Nf, dNx, dNy, dN§, dNnp, J11, J12, J21, J22, Jdet, &, n, x, v}, {§, n} = gcoor ;

1 1 1 1
NE= {— (14 (148, - (Tam) ArE), —(Aam) @rO), -~ (Lem) (14D}

1-n 1+n 1
awg = {= (-1+m), —, s = (-1-m};
4 4 4
1 1 1+& 1-¢
awn={=(¢1+8, - (-1-9, ’ }:
4 4 4 4

x = Table[ncoor[[i, 1]], {i, 4}] 7 v = Table[ncoor[[i, 2]], {i, 4}1~
J11l = dNE.x; J21 = dNf.y; J12 = dNnp.x; J22 = dNn.vy;

Jdet = Simplify[J11l % 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} = QuaddIscoPShapeFunDer [ {{xl, v1},6 {x2, v2}, {x3, ¥v3}, {4, v4}}, {§, n1}1:

Jdet

(X1lv2 -x3v2-xX1vd+x3v4d-x3yln-xXx1v2n+xly3n+x3vyvdn+x3ylE-x3v2<E&-xR1Lv3 &+

2lyd &+xd (yl-v3 (1+7n) -y1&+v2 (n+8)) +22 (vl (-1+7) +y3 (1+8) -vd (n+8)))

dNy [[1]]

(X2 - X2 +X3 (n-&) +x4 (-1 +&)) /
(-x1v2 +x3v2 +x1v4d-x3v4d+x3vln+xly2n-xly3n-x3ydn-x3vyvlE+x3y2E+xLvy3 E -

xlyd &+xd (¥3 (1+7) vl (-1 +8) —v2 (+&)) +22 (y1-yIn-y3 (1+&) +v4 (m+&)))

coorn = {x1 -0, vl >0, x2x2->1,yv2->0,x3->1,yv3>1/2,x24->0,v4->1/2}

1
{xlsO,yleO,xZel,yZ»O,X3»1,y3»7,x4%0,y4%7}
2 2

dNx /. coorn

1 £ 1 1 n+L 1. n
i 2z gz (e L 2tz 1+7
1 n 1 n+s 1 n 1 n+E O/ A 1+& 1 n 1
S rtr C1-O TR SR C1-+ BE SR s -0+ 5E 2 (-l (-1
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MODULO GEMNERICO: XX = No. Nodos, YY = Grados Libertad

(x»QuadXXTIsoPMembraneStiffness [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[options]==2, {numer ,p}=options, {numer}=options] ;
If [Length[fprop]>0,th=fprop[[1]]] "
If[p<l]| |p>»4,Print["p out of range"] ;Return[Null]l] -
For [k=1,ksp*p,k++,
{gcoor ,w}=QuadGaussRuleInfo [ {p,numer} , k] ;
{Nf ,dNx,dNy,Jdet} =QuadXXIsoPShapeFunDer [NCoOr ,Coor] ;
If [Length[th]==0,h=th h=th.Nf] ;e=wxJdet+h;
B={Flatten[Table[{dNx[[i]] .0}, {1i,XX}]1].,
Flatten[Table[{0,dNy[[i]]},{i,XX}]] ,Flatten[Table[{dNy[[i]],dNx[[i]]},{i,XX}]11};
Ke+=Simplify[cxTranspose [B] . (Emat .B)] ] ;
Return[Simplify[Ke]]] i)

Quad4IsoPMembraneStiffness[ncoor , mprop , fprop , options ] :=
Module[{i, j, k, p = 7, numer = False, Emat, th =1, h, gcoor, c,
W, Nf, dNx, dNy, Jdet, B, Ke = Table[0, {8}, {8}]}, Emat = mprop[[1]]
If [Length[eopticns] == 2, {numer, p} = ocpticns, {numer} = opticns];
If [Length[fpreop] > 0, th = fprop[[1]]]
If[p<1l||p>12, Print["p cut of range"]; Return[Null]]:;
For[k =1, k<spxp, k++,
{gceoor, w} = QuadGaussRuleInfe[{p, numer}, k] ;
{Nf, dNx, dNy, Jdet} = QuaddIscoPShapeFunDer [ncoor, gcoor] ;
If[Length[th] == 0, h=th, h = th.Nf]; ¢ = w « Jdet xh-’

B = {Flatten[Table [{dNx[[i]], O}, {i, 4}11.,
Flatten[Table[{0, dNy[[i]]1}, {i, 4}]], Flatten[Table [{dNy[[i]], dNx[[i]]}, {i, 4}11}:

Ke += Simplify[c «* Transpose [B] . (Emat.B) ] ;] -
Return[S8implify[Ke]]] -,

B = {Flatten[Table [{dNx[[i]], O}, {i, 4}]11.,
Flatten[Table[{0, dNy[[i]]}, {i, 4}]], Flatten[Table[ {dNy[[i]], dNx[[i]]}, {i, 4}1]}:

B // MatrixForm

¥aA+v2 (-1+1) -v4 £+¥3 (-n+§)
-2l wZ2+x3 y2+x]l v4-x3 vad4x3 vl maxlyln-xly3n-x3 ydn-x3 vyl £4x3 w2 S+xl w3 £-xlwd&+xd (w3 (l+n)+vl (-1+8) w2 (m+£) ) +x2 (vl-wln-w¥3 (1+5) +wd (m+&))

0

XZ-XZ2 n+x3 (N-£) +x4 (-1+&)
-x]1 w2+x3 y2+x] v4-x3 va4+x3 vl n+xlyen-xl y3n-x3 ydn-23 vyl £+x3 w2 S+xl w3 S-xlwd&+xd (w3 (1l+n)+¥l (-1+&) —v2 (m+£) ) +x2 (wl-wln-¥3 (1+5) +v4d (m+E) )

4
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FullSimplify [dNx[[1]] /. coorn]

M|

(-1+7m)

Fullsimplify[B /. coorn] // MatrixForm

1 1-n 147 1
E(—l+n) o] —- 0 - o] E(—l—n) 0
0 -1+¢& 0 -1-4 0 1+ & 0 1-4&
1 n 14m 1
L —1+¢8 g (-1+7n -1-& — 1+& — 1-g - =1-m

Emat =Em / (1 -nu”2) =« {{1, nu, 0}, {nu, 1, 0}, {0, O, (1 -nu) /2}};
Integrande = Jdet * h * Transpcose [B] . (Emat .B) ;

matern = {Em-» 96, nu-»>1/3, h-> 1}

1
{Em+96, nuef,hel}
3

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

T (T+3(-2+m) n+4 (-2+8) &) 2 (=141 (-1+8) —2 (-1+3 (-2+7) n+a 87
7 (ml+m) (-1+8) g (13+ (-2+7) +12 (-2 + &) &) —7 (-l €
—2 (-1+3 (-2+n) n+4& -2 (-1+m € T (T+3 (-2+m)n+4€(2+¢))
—2 (-l+7) € ~ 3 (~11+ (-2 +7m) n+ 12 €2 S (-l+m) (1+8)
S (-7 +3 77 4 &) S (-1+7m8) 2 (1+3nPedE(248)
Z(-1+18) = (-13+ 712 + 12 £7) -Zn 1+
-’ (1+3n%+4 (-2+8) €) -;n(-1+§) S (-7+377 +4£7)
-21 (-1+¢) s 11+ r12 (249 ¢€) z (1+ng)
Fullsimplify |Integrando /. coorn /. matern /. {£ - - = n-> - L}] // MatrixForm
3 3
§(2+«/3) 3(2+\-’3) —%(2+3«/3) —%(1+\,’3) -2 -3
3(2+fJ3_) ﬁ(z«/a_) 73(1+\/3_) 7%(710+-¢’3—) -3 -
-2 {2+3v3) -Z(1++3) -3 (-14-43) -3 -2 .33 2(-1++3)
2(avT) ci(weva] - A(e-wava] ElaevE)  -ZasvE
- -3 = +3V3 < (,1+\,¥3) = (72+\-’3) 6-3-3
-3 - = %(71%]37) 2943 6-3+3 3%(—2+\/37)
3 (eevE) -3levd) -2 © ileeovE) 3(aev3)
,§(1+\;3_) -2 _9V3 6 -z 2(71+\e‘3_) %(10+\/3_)

9
_E(
g
—g (—1l+ (-
9
z (=1
S 13+ (-2 4
9
-2
9 P
- (1147
9
o
a
= (-13
%(5+4\.ﬁ3)
-2 (1+'v’:3)
E
T a
&
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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} = LineGaussRuleInfo[{pl, numer}, il] ;
{eta, w2} = LineGaussRuleInfo[{p2, numer}, i2] ;
info = {{xi, eta}, wl xw2};

If [numer, Return[N[info]], Return[simplify[infeo]]] 7] -

LineGaussRuleInfo[ {rule , numer }, point ] ==
Module[{g2 = {-1, 1} /Sgrt[3], w3 ={5/9,8/9,5/9}, g3 ={-8grt[3 /5], 0, 8grt[3 /5]}.,
wd = {(1/2) -8grt[5/6] /6, (L/2) +8grt[5/6] /6, (1/2) +8grt[5/6] /6, (1/2) -8grt[5 /6] /6},
gd = {-Sgrt[(3+2«x8Sgrt[6/5]) /7], -Sgrt[(3-2x8gxrt[6/5]) /7],
Sgrt[(3 -2+ S8Sgrt[6 /5]) /7], sgrt[(3+2+Sgrt[6/5]) / 7]}, g5 = {-Sgrt[5+2«s8grt[10/7]],
-Sgrt[5-2 % Sqrt[10/7]], 0, Sqrt[5 -2 % Sqrt[10 /7]], Saqrt[5+2 »Sqrt[10/7]]} / 3,
w5 = {322 - 13 » 8grt [70], 322 + 13 » Sgrt[70] , 512, 322 + 13 » 8grt[70], 322 -13 % 8grt[70]} / 900,
i=peint, p = rule, info = {Null, 0}},
If[p==1, info = {0, 2}] -
If[p ==2, infe = {g2[[i]], 1}]~
If[p == 3, info = {g3[[i]], w3[[1i]11}]"
If[p==4, info = {g4 [[1]], wd[[i]]1}]~
If[p==5, info = {g5[[1]], w5 [[1]]1}]~
If [numer , Return[N[infe]] , Return[Simplify[infe]]]
1:

QuadGaussRuleInfo[ {2, False}, 1]

-

1 1

\,"‘37 W 3

<< NumericalDifferentialEquation&nalysis " ;

? 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 xw2};
If [numer, Return[N[info] ], Return[Simplify[infe]]]
1:
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In[68] =

OuteE]=
{{-0.995557, -0.8585557}, 0.000125815}

7. TEST DEL RECTANGULO

= DEFINICION DE LA GEOMETRIA

In[69] =

1 o Q
Oul[71)= a
l IC' :)2
«—— 20 —»

= DEFINCION COORDENADAS NODOS ELEMENTO - ANSYS CLASSIC

o IMAGEN DEL MODELO EN ANSYS

In[72]:=




12

In[74] =

Qut[74]=

In[76]=

In[77l=

Out77]=

In[79]=

out[79]=

RectangulcAr = Show [Rectanguloa,

ImageSize —» 450]

ELEMENTS

ELEM NUM

AN

DEC 12Z 2011
0B:33:27

Nodes = {{0.", 0.}, {1.°, 0.}, {0.5°, 0.},

numneod = Dimensicons [DNodos] [[1]]

{1.°, 0.5}, {1.7,0.25°}, {0.°, 0.5}, {0.57, 0.5}, {0.7, 0.257}};

CuaRAr
*® = *
- ®

me6-11-I-cuadrilatero-04-jloliver@mcem.upv.e
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In[80] =

Cutfa0])=

In[&1]=

out[s1]=

Rectangul cAr
ELEMENTS AN
DEC 12 Z011
ELEM N 08:33:29

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

= DEFINICION DEL MATERIAL

In[82]:=

In[g4] =

In[85]:=

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

Em=96;nu=1/3; (xisotropic materialx)

Emat =Em / (1 -nu"2) « {{1, nu, 0}, {nu, 1, 0}, {0, O,

Emat // MatrixForm

Cut{E5)MatrixForm=

108 36 0
36 108 O
0 0 35 )

= VERIFICACION DE LA MATRIZ DE RIGIDEZ

In[86].=

NF = NNodos %= 2. ;

ncoeor = {Nodes[[1]], Nodes[[2]] , Nodes[[4]], Nodes[[6]]}

(1 -nu) /2}};
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NF - 3
NG = ——
3

1.66667

Se necesitan como minimo 2 Puntos —- Regla 2 x 2 minima

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

{(xFor [p=1l, p=<5, p++,

Ke=QuadXXTIscPMembranesStiffness [nceocor , {Emat ,0,0}, {h}, {True,p}] -
Print ["Gauss integration rule: ",p," R =1

Print ["Ke=",Chop[Ke] / /MatrixForm] ;

Valores=Chop[Eigenvalues [N[Ke]]] -

X

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, ps5, p++.,
Ke = Quad4IsoPMembranesStiffness [ncoor, {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[[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]

Gauss integration rule: 1 x 1
31.5 18. 4.5 0 =3d.B =18 =d.5 0 X
18. 58.5 0 4%.5 -18. -58.5 0 -49.5
4.5 0 31.5 =18c =@ .5 0 =8lo38 13.
e 0 49.5 -18. 58.5 0 -49.5 18. -58.5
-31.5 -18. -4.5 0 31.5 18. 4.5 0
=1B8o =885 0 -49.5 18. 58.5 0 49.5
-4.5 0 -31.5 18. 4.5 0 31.5 -18.
0 -45.5 18. =589 0 49.5 -18. 58.5
Valores proprios matriz Ke={223.64, 90., 46.3603, 0, 0, 0, 0, 0}
Gauss integration rule: 2 x 2
42. 18. -6. 0 -21. -18. -15. 0
18. 78. a 30. -18. —-39. a - 69,
-6. 0 4z2. -18. -15. 0 -21. 18.
Ko 0 30. -18. 78B. 0 -69. 18. -39.
=2do =lBs =15 0 42. 13. =B 0
-18. -39. 0 -65. 18. 78. 0 30 o
-15. 0 -21. 18. - 6. 0 42. -18.
0 =B89: 18. =38 0 30. -18. 78.

Valores proprios matriz Ke={223.64, 90., 78., 46.3603, 42_., 0, 0, 0}

tenemos la suficiencia de rango para p=2
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For [p= 3,

P77, pP++,

Ke = Quad4IsoPMembraneStiffness [ncoor, {Emat, 0, 0}, {h}, {True, p}]-
".P, " E T, PLS

Print ["Ke=", Chop[Ke] // MatrixForm] ;

Valores = Chop[Eigenvalues[N[Ke]]]

Print["Gauss integration rule:

Print["Valores proprios matriz Ke=", Valores] ;

Print["tenemos la suficiencia de range para p=", pl

1-

Gauss integration rule: 3

4z.

18.

-6,
0

0

Valores proprios matriz Ke={223.64, 90., 78., 46.3603, 42., 0, 0, 0}

-21.
-18.
-15.

18.
78.
0
30 o
-13.
=88,
0
=88

=B
0
4z.
=18 o
=15q
0
=21 o
18.

0
30.
-18.
78.
0
-65.
18.
=38 ¢

® 3

-21.
-18.
=15 o

0
42.
18.
-6,

0

-18.
=38
0
= B9 o
18.
78 .
0
30.

=18o
0
=2d.o
18.
=®c
0
42 .
=18c

tenemos la suficiencia de rango para p=3

Gauss integration rule: 4

(a2,

18.

-6.
0

v 0

Valores proprios matriz Ke={223.64, 90., 78., 46.3603, 42., 0, 0, 0}

-21.
-18.
-15.

18.
78.
0
30.
-183.
=38.
0
=B68¢

=B
0
42.
-18.
=d15c
0
=21
18.

0
30.
-18.
78.
0
=68
18.
=39

® 4

-21.
-18.
=185

0
42.
18.
-6,

0

-18.
=39
0
=68
18.
78.
0
30.

=d185c
0
=25
18.
=60
0
42.
-18.

tenemos la suficiencia de rango para p=4

Gauss integration rule: 5

42.

18.

-6,
0

0

Valores proprios matriz Ke={223.64, 90., 78., 46.3603, 42., 0, 0, 0}

-21.
-18.
-15.

18.

78.
0
30.

-13.

=88g
0

= 68¢

=B
0
42.
-18.
=15q
0
=21 5
18.

0
30.
-18.
78.
0
=68
18.
=38,

% 5

-21.
-18.
=185

0
42.
18.
-6.

0

-18.
=38
0
=B68¢
18.
78.
0
30.

=d15.
0
=215
18.
=Bc
0
42 .
-18.

tenemos la suficiencia de rango para p=5

Gauss integration rule:

(a2,

18.

-6.
0

v 0

Valores proprios matriz Ke={223.64, 90., 78., 46.3603, 42., 0, 0, 0}

-21.
S R
=15

18.
78.
0
30.
-13.
=38.
0
=68g

=B
0
42.
-18.
=d15c
0
=21
18.

0
30 o
-18.
78.
0
-69.
18.
=39

6

® b

-21.
-18.
-15.

0
42.
18.
-5.

0

-18.
=389

0

=689 o

18.

78.
0

30.

=15,
0
=2
18.
=Bg
0
42.
-18.

tenemos la suficiencia de rango para p=6

0
=69,
18.
=395
0
30 o
-18.
78 .

0
=68,
18.
=39,
0
30.
-18.
78 .

0
=69,
18.
=8¢
0
30.
-18.
78.

0
-65.
18.
=395
0
S0 o
=18c
78 .
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Gauss integration rule: 7 x 7

42. 18. =B 0 -21. -18. -15. 0
18. 78. 0 0. =18. =39, 0 =58,

-6, 0 42. —-18. -15. 0 -21. 18.
0 30. -18. 78. 0 =68, LB. =38,

Ke= =2, =df. =158c 0 42, 18. =Bg 0
=18, =39, 0 =69. 18- 78. 0 30.
=185 0 =2ls, 1LBo - 6. 0 4z2. -18.

0 =@%: d4dB. =39. 0 30. —-18. 78.

Valores proprios matriz Ke={223.64, 90., 78., 46.3603, 42., 0, 0, 0}

tenemos la suficiencia de rango para p=7

8. TEST DEL TRAPECIO

= DEFINICION DE LA GEOMETRIA

In[g2]=

b)

e

Out[93]=

—

S

| -— 75 —

= DEFINCION COORDENADAS NODOS ELEMENTO - ANSYS CLASSIC

o IMAGEN DEL MODELO EN ANSYS

In[g4].=
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In[95]:=
TrapecioAr = Show[TrapeciocA, ImageSize —» 450]
ELEMENTS AN
DREC 1Z Z011
BLEM HUm DB:34:34
out[95]=
In[97]:=
Nodes = {{0.~, 0.7}, {1.7, 0.7}, {0.5°, 0.7},
{0.5", 0.5}, {0.75°,0.25%}, {0.7, 0.5}, {0.25", 0.5}, {0.7, 0.25"}}~;
In[98]:=
numneod = Dimensicons [DNodos] [[1]]
out[98]=
In[99]:=
CuaR4r
.. Eta .‘
out[99]=




i8

In[100] =

Cut[100]=

I[101]=

out[101]=

= DEFINICION DEL MATERIAL

In[102].=

In[103].=

In[104] =

In[105].=

TrapecioAr
ELEMENTS m
DEC 12 Z011
ELEM Hum 08:38:34

ncoeor = {Nodes[[1]], Nodes[[2]] , Nodes[[4]], Nodes[[6]]}

{{0., 0.},

{1,

0.

} r

{0.5,

0.5%,

{0., 0.5}}

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

Em = 96 nu

Emat =Em / (1 -nu"2) « {{1, nu, 0}, {nu, 1, 0}, {0, O,

1/3;

{(x*isotropic material«x)

Emat // MatrixForm

Cut{ 105 MatrixForm=

108 36
36 108
0 0

0o
0

36 )

= VERIFICACION DE LA MATRIZ DE RIGIDEZ

In[106].=

NF = NNodos %= 2. ;

(1 -nu) /2}};

me6-11-I-cuadrilatero-04-jloliver@mcem.upv.e
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NF - 3
NG = ——

1.66667

Se necesitan como minimo 2 Puntos

-— Regla 2 x 2 minima

BUCLE GENERICO

: EX

No.

Nodos,

22

GRADCS DE LIBERTAD - 3

(*For [p=1,

PSS r

P++,

Ke=QuadXXTIscPMembranesStiffness [nceocor , {Emat ,0,0}, {h}, {True,p}] -

Print ["Gauss integration rule:

n,p’n =

Print ["Ke=",Chop[Ke] / /MatrixForm] ;
Valores=Chop[Eigenvalues [N[Ke]]] -
If [Valeores[[ZZ2]]#0 ,Break[] ,Print ["Valores proprics matriz Ke=" ,Valores]]

1~

L1}

P17

Print ["Valores propricos matriz Ke=",Valores] ;
Print ["tenemos la suficiencia de rango para p=",pl=)

For [p=1,

PSSI

P+,

Ke = Quad4IsoPMembranesStiffness [ncoor, {Emat, 0, 0}, {h}, {True, p}]-

Print["Gauss integration rule:

"! P L1}

Print["Ke=", Chop[Ke] // MatrixForm] ;

Valores =

Chop [Eigenvalues [N[Ke]]] -

p:4

", Ppl;

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]

Gauss integration rule:

42. 24.
24. 78.
-6, -6,
e =B 30.
-42. -24.
-24. -78.
6. G.
G. -30.

1 = 1
-6. -6. —42.
-6, 30. -—-24.
24. -12. 6.
-12. 2z4. 6.
6. 6. 42

5. -30. 24.

-24. 12. -6.
1lz2. -24. -—a.

—-24. ® o
-78. ® o
@ —-24.
-30. 12.
24. =Bc
78. =Bg
-6, 24.
30. —-12.

6.
-30.
12.
-24.
-6.
30.
-12.
24 .

Valores proprios matriz Ke={200.216, 84., 51.7841, 0, 0, 0, 0, 0}

Gauss integration rule:

47.0769
24.9231
-11.0769
-6.92308
-31.8462
-22.1538
-4.15385
4.15385

24.9231
85.8462
-6.92308
22.1538
—-22.1538
-62.3077
4.15385
-45.6923

2 ® 2

-11.0769
-6.92308
29.0769
-11.0763
-4.15385
4.15385
-13.84862
13.8462

-6.92308
22.1538
-11.0769
31.8462
4.15385
-45.6923
13.8462
-8.30769

-31.8462
-22.1538
-4.15385%
4.15385
62 .3077
27.6923
-26.3077
=9.6%923 1,

-22.1538
-62.3077
4.15385
-45.6923
27 .6923
102.385
-9.659231
—-1.38462

-4.15385
4.15385
-13.68462
13.8462
-26.3077
-9.69231
44.3077
-8.30769

4.15385
-45.6923

13.8462
-8.30769
-9.69231
-1.38462
-8.30769

55.3846

Valores proprios matriz Ke={203.335, 93.51%4, 72.7045, 60.3702, 35.3013, 0, 0, 0}

tenemos la suficiencia de rango para p=2
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For [p=3, ps7, p++,
Ke = Quad4IsoPMembraneStiffness [ncoor, {Emat, 0, 0}, {h}, {True, p}]-
Print["Gauss integration rule: ", p, " x ", p]l-~
Print ["Ke=", Chop[Ke] // MatrixForm] ;
Valores = Chop[Eigenvalues[N[Ke]]]
Print["Valores proprios matriz Ke=", Valores] ;
Print["tenemos la suficiencia de range para p=", pl

1~
Gauss integration rule: 3 x 3

47.17486 24.9524 -11.1746 —-6.95238 -31.6508 -22.09502 -4.34921 4.059b024
24.9524 85.9048 -6.953238 22.0952 -22.0952 -62.1905 4.09524 -45.8095
-11.1746 -6.55238 25.1746 -11.0476 -4.34921 4.09524 -13.6508 13.59048
-6.95238 22.05%52 -11.0476 31.5048 4.03524 —-45.809> 13.5048 -8.19048
-31.6508 -22.0952 -4.34%921 4.09524 62.6984 27.8095 -26.6984 -9.30952
-22.0952 -62.1505 4.09524 —-45.8085 27.8095 109.61% -9.80552 -1.861505
-4.34%921 4.09%24 -13.6508 13.9048 -26.6934 -9.80952 44.6984 -83.1%9048
4.09524 -45.8095 13.2048 -8.1%048 -9.80922 -1.61905 -8.19048 55.619

Valores proprios matriz Ke={203.402, 93.9307, 73.0147, 60.8077, 35.63384, 0, 0, 0}
tenemos la suficiencia de rango para p=3

Gauss integration rule: 4 x 4

(4721776 24.9533 -11.1776 -6.95327 -31.644% -22.0935 -4.35514 4.09346
24.9533 85.59065 -6.95327 22.0935 -22.0935 -—-62.186%9 4.09346 -45.8131
-11.1776 -6.95327 295.1776 -11.0467 -4.35514 4.08346 -13.64459 13.9065
-6.95327 22.0335% -11.0487 31.9065 4.059346 -45.8131 13.9065 -8.18692
-31.644% -22.0835 -4.35514 4.0934% 62.7103 27.8131 -26.7103 -9.81308
-22.0935 -62.186% 4.09346 -45.8131 27.8131 109.626 -9.81308 -1.62617
-4.35514 4.09346 -13.6449 13.9065 -26.7103 -9.81308 44.7103 -8.18692

v 4.09346 -45.8131 13.9065 -—-8.18692 -5.813068 -1.62617 -8.186322 55.6262

Valores proprios matriz Ke={203.404, 93.9434, 73.0241, 60.821, 35.6484, 0, 0, 0}
tenemos la suficiencia de rango para p=4
Gauss integration rule: 5 x 5

47 .1777 24.9533 -11.1777 -6.8533 -31.6447 -22.0934 -4.35532 4.0534

24.9533 85.9066 -6.9533 22.0934 -22.0934 -62.1868 4.0934 -45.8132
-11.1777 —-6.9533 29.1777 -11.0467 -4.35532 4.0534 -13.6447 13.2066

= 6. 9833 22.05%34 -11.0467 31.92066 4.0534 -45.8132 13.92066 -8.18681

Ke= -31.6447 -22.0934 -4.35532 4.0934 62.7106 27.8132 -26.7106 -9.831319
-22.0934 -62.1868 4.05934 -45.8132 Z27.8132 109.626 -5.81319 -1.62638
-4.35532 4.0934 -13.6447 13.%066 -26.7106 -9.81319 44.7106¢ -8.18681
4.0934 -45.8132 13.92066 —-8.18681 -2.8131%9 -1.62638 -8.18681 55.6264

Valores proprios matriz Ke={203.404, 93.9437, 73.0244, 60.38214, 35.6487, 0, 0, 0}
tenemos la suficiencia de rango para p=5

Gauss integration rule: & x 6

(47 1777 24.9533 -11.1777 -6.9533 -31.%6447 -22.0934 -4.35532 4.0934

24.9533 85.35066 -5.9533 22.0834 -22.0934 -62.1868 4.0934 -45.8132
-11.1777 -6.9533 29,1777 -11.0467 -4.35532 4.0934 -13.6447 13.2066

e = 8o 9533 22.0934 -—-11.0467 31.%2066 4.0934 -45.8132 13.9066 -8.18681
-31.6447 -22.0834 -4.35532 4.0934 62.7106 27.8132 -26.7106 -9.8131°
-22.0934 -62.1868 4.0934 -45.8132 27.8132 109.626 -9.81319 -1.862639
-4.35532 4.0934 -13.6447 13.9066 -26.7106 -3.81319 44.7106 -8.18681

v 4.0934 -45.8132 13.92066 -—-8.18681 -9.81319 -1.62639% -8.18681 55.6264

Valores proprios matriz Ke={203.404, 93.9433, 73.0244, 60.8214, 35.6487, 0, 0, 0}

tenemos la suficiencia de rango para p=6
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Gauss integration rule: 7 x 7

47.1777 24.9533 -11.1777 -6.9533 -31.6447 -22.0934 -4.35532 4.0534

24.9533 85.3066 -6.9533 22.0934 -22.0934 -62.1868 4.0934 -45.8132
-11.1777 —-6.9533 29.1777 -11.0467 -4.35532 4.0534 -13.6447 13.2066

e -6.9533 22.0934 -11.04867 31.%9066 4.0934 -45.8132 13.%9066 -8.18681
-31.6447 -22.0834 -4.35532 4.05934 62.7106 27.8132 -26.7106 -9.8131°
-22.0934 -62.18638 4.0934 -45.8132 27.8132 109.626 -9.81319 -1.62639
-4.35532 4.0934 -13.6447 13.%2066 -26.7106 -9.8131% 44.7106 -8.18681
4.0534 -45.8132 13.92066 -—-8.18681 -92.8131%9 -1.62639 -8.18681 55.6264

Valores proprios matriz Ke={203.404, 93.9438, 73.0244, 60.8214, 35.6487, 0, 0, 0}

tenemos la suficiencia de rango para p=7




