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Esta ACTIVIDAD DE CLASE debera realizarse descargando 1los documentos NB 1incompletos
correspondientes a estos ejercicios de clase. Deberas seleccionar en el siguiente panel el
enlace correspondiente al numero que se te ha asignado en la cuenta del material personalizado
de la actividad mi-ala.

17-CP-C5-Mathematica-C

001 SIGNIFICADO DE LOS ARGUMENTOS CURSO 2004-5
ncoor Quadrilarer#i node coordinates arranged in two-dimensional list form:
{{x1,y1},{x2,y2},{x3,y3},{x4,y4}}.
mprop Material properties supplied as the list { Enat ,rho,alpha}. Emat is a two-dimensional
list storing the 3 x 3 plane stress matrix of elastic moduli:
E, E, E;
E=|EBx E; Hj; (E17.1)
E; E,; Ej;
If the material is isotropic with elastic modulus £ and Poisson’s ratio v, this matrix
becomes
1 v 0
E= i slv 1 0 (E17.2)
" lo o fa-w
The other two items in mprop are not used in this module so zeros may be inserted as
placeholders.
fprop Fabrication properties. The plate thickness specified as a four-entrylist: { h1,h2,h3,h4 }.

a one-entry list: {h}, or an empty list: { }.

The first form is used to specify an element of variable thickness, in which case the
entries are the four corner thicknesses and 7 is interpolated bilinearly. The second form
spectfies uniform thickness h. If an empty list appears the module assumes a uniform
unit thickness.

options Processing options. This list may contain two items: {numer,p } or one: { numer }.

numer is a logical flag with value True or False. If True, the computations are forced
to proceed in floating point arithmetic. For symbolic or exact arithmetic work set numer
to False.®

p specifies the Gauss product rule to have p points in each direction. p may be 1 through
4. For rank sufficiency, p must be 2 or higher. If p is 1 the element will be rank deficient
by two.” If omitted p = 2 is assumed.

The module returns Ke as an 8 x 8 symmetric matrix pertaining to the following arrangement of nodal

displacements:

W =g wy we oy s Uys Uy ]l (E17.3)
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001 EJERCICIO 1 CURSO 2004-5

[C:15] Exercise the Mathematica module of Figure E17.1 with the following script:

ClearAll[Em,nu,a,b,h]; Em=48; h=1; a=4; b=2; nu=0;
ncoor={{0,0},{a,0},{a,b},{0,b}};
Emat=Em/(1-nu~2)*{{1,nu,0},{nu,1,0},{0,0, (1-nu)/2}};
For [p=1, p<=4, p++,
Ke= Quad4IsoPMembraneStiffness([ncoor,{Emat,0,0},{h},{True,pl}];
Print["Gauss integration rule: ",p," x ",p]l;
Print["Ke=",Chop[Ke] //MatrixForm] ;
Print["Eigenvalues of Ke=", Chop[Eigenvalues[N[Ke]]]]
13

Verify that for integration rules p= 2, 3, 4 the stiffness matrix does not change and has three zero eigenvalues,
which correspond to the three two-dimensional rigid body modes. On the other hand. for p = 1 the stiffness
matrix 1s different and displays five zero eigenvalues, which is physically incorrect. (This phenomenon is
discussed 1in detail in Chapter 19.) Question: why does the stiffness matrix stays exactly the same for p > 27?
Hint: take a look at the entries of the integrand B’ EB J — for a rectangular geometry are those polynomials
in & and n, or rational functions?
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001 NS EJERCICIO 2 CURSO 2004-5

[C:20] Check the rectangular element stiffness closed form given in (E17.4). This may be done by hand (takes
a few days) or running the following script that calls the Mathematica module of Figure E17.1:

ClearAll [Em,v,a,b,h]l; b=*a;

ncoor={{0,0},{a,0},{a,b}, {0,b}}:
Emat=Bn/(1-v"2)*{{1,v,0},{v,1,0},{0,0, (1-v)/2}};

Ke= Quad4IsoPMembraneStiffness [ncoor, {Emat,0,0},{h}, {False,2}];
scaledke=Simplify [Ke* (24*y*(1-v"2)/(En*h))];

Print ["Ke=",Em*h/(24%* (1-v*2)),"*\n",scaledKe//MatrixForm] ;

Figure E17.3. Script suggested for Exercise El 7&.

The scaling introduced in the last two lines 1s for matrix visualization convenience. Verify (E17.4) by printout
inspection and report any typos to instructor.

ELEMENTO CUADRILATERO 4 NODOS - TENSION PLANA
s

= |INICIO

Off [CGeneral::"spelll™]
Off [General::"spell"]

= MODULOS FORMULACION ELEMENTO CUADRILATERO 4 NODOS

Quad4IsoPMembraneStiffness [nooor , mprop_, fprop , options_] :=Module[{i, k, p = 2, numer = False, Emat,
th=1, h, gocoor, ¢, w, Nf, dNx, dRy, Jdet, B, Ke = Table[0, {8}, {8}]}, Emat = mprop[[1]]-
If [Length[options] == 2, {numer, p} = options, {numer} = options] ;
If [Length[fprop] > 0, th = fprop[[1]]];
If[p<1l||p>4, Print["p out of range"]; Return[Wull]]:
For[k=1, ksp«*p, k++, {gooor, w} = QuadGaussRuleInfo[{p, numer}, k]’
{Nf, d¥x, dNy, Jdet} = Quadd4dIsoPShapeFunDer [ncoor, gcoor] ;
If [Length[th] == 0, h=th, h=th.Nf]; ¢ =w=x Jdet xh;
B = {Flatten[Table[{dNx[[i]], 0}, {i, 4}1].,
Flatten[Table[{0, dNy[[i]]}, {i, 4}]], Flatten[Table[{dNy[[1]], dNx[[1]]}, {1, 4}1]}
Ke += 8implify([c « Transpose [B] . (Emat.B) ] ;] ; Return [Simplify[Ke]]]

Quad4IsoPShapeFunDer [ncoor , gooor ] =
Module [ {Nf, d¥x, dNy, dN§, dNnp, 1, J11, J12, J21, J22, Jdet, &, np, %, ¥}, (&, N} = gcoor;
NE={(1-E)+x(1-m), (1+E) x(1-n), (1+E)x(1+n), (1-E) x(1L+m}/4;
aNgE = {-(1-n), (1-n), (T+n), -(1+n)} /4;
din={-(1-£), -(1+£), (1+£), (1-£)}/4;
X = Table[ncoor([[i, 1]], {i, 4}] 7 ¥ = Table[ncooxr[[i, 2]], {1, 4}]*
J11l = dNE.x; J21 = dNE.vy; J12 = dN¥np.x; J22 = din.vy;
Jdet = Simplify [J11 + J22 - J12 » J21] ;
dNx = (J22 « dNE - J21 » dNp) / Jdet; dNx = Simplify [dNx] ;
diy = (-=J12 % dNE + J11 + dNn) / Jdet; dNy = Simplify [dNy] ;
Return[{Nf, dix, di¥y, Jdet}]]:;

QuadGaussRuleInfo [{rule , numer }, point ] := Module[
{xi, eta, p1, p2, 11, 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; i1l =k -pl  (i2-1)];
{xi, wl} = LineGaussRuleInfo[{pl, numer}, il] ;
{eta, w2} = LineGaussRuleInfo[{p2, numer},6 i2];
info = {{xi, eta}, wl »w2};
If [numer, Return[N[info] ], Return[Simplify[info]]]:];

LineGaussRuleInfo[{rule , numer }, point ] :=
Module[{g2 = {-1, 1} /Sgrt[3],w3=(5/9,8/9,5/9}, g3 = {-Sgrt[3 /5], 0, Sgrt[3/5]},
wd={(1/2)-8qrt[5/6] /6, (1/2) +Sqrt[5/6] /6, (L/2) +8qrt[5/6] /6, (1/2) -Sqrt[5/6] /6},
g4 = {-Sqrt[(3+2x8qrt[6/5]) /7], -Sqrt[(3-2+8qgrt[6 /5]) /7],
Sqrt[(3-2«8qrt[6 /5]) /7], Sgrt[(3+2+ 8grt[6/5]) / 7]}, i, info = Null}, i = point:
If[rule == 1, infe = {0, 2}];
If[rule == 2, info = {g2[[1]], 1}]~
If [rule == 3, info = {g3[[i]], w3[[i]]}]/
If [rule == 4, info = {g4[[i]], wA[[i]]}]/
If [numer, Return[N[info] ], Return[Simplify[info]]] 7]~
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Una vez completado, debera subirse adecuadamente denominado a la cuenta de entrega personal,
seleccionando del siguiente panel el enlace correspondiente al numero que se te ha asignado
en la cuenta del material personalizado de la actividad mi-ala.
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