StiffnessCf3NodePlaneStressTriangle[{{x1 , ¥v1 }, {2 , ¥v2 }, {x3_, ¥3_}}, Emat , {h }] :=
Module[{x21, x13, x32, v12, ¥31, yv23, A, Be, Ke},
A=Simplify[((x2%¥3 -x3%v2) + (X3 +v1l-x1lxv3) + (xLl»v2-x2*+xv1l)) /2];
{x21, x13, x32, yv12, y31, v23} = {x2-=x1, x1 -x3, x3-x2, yvl-y2, v3-v1, y2 -¥3}-
Be = {{vy23, 0, ¥v31, 0, v12, 0}, {0, x32, 0, x13, 0, %21}, {x32, v23, x13, v31, x21, v12}} / (2% A) ;
Ke = (A +h) » Transpose [Be] .Emat.Be;
Return[Ke] ;] -

A=Simplify[((X2 +y3 -X3+V2) + (X3 +»vy1-X1*y3) + (XL +v2 -x2+¥y1)) /2]
1

— (X3 (yv1-v2) +x1 (v2 -y3) +x2 (-v1 +v3))

2

{x21, %13, %32, v12, v31, v23} = {x2-x1, x1-x3, x3 -2, yl-v2, yv3-vl, v2 -y3}

{-xl+=x2, x1 -3, -2 +=x3, vl-v2, -v1+v3, v2-vy3}

x21

-x1 + %2

MatrixForm[{{y23, 0, ¥31, 0, v12, 0}, {0, %32, 0, x13, 0, x21}, {x32, y23, x13, y31, x21, y12}}]
V2 -vy3 0 -v1 +vy3 0 v1l-v2 0

0 - X2 + X3 0 1 - x3 0 -®1+ x2
-XZ2+ X3 vZ-v3 2l -x3 -yl+y3 -x1+x2 yl-vy2

Be = {{y23, 0, y31, 0, y12, 0}, {0, %32, 0, x13, 0, x21}, {x32, y23, x13, y31, %21, v12}} / (2 +2)

{{ V2 -vy3 o -v1 +v3
%3 (y1-v2) +xl (v2-y3) +x2 (~vl+y3) 23 (v1-v2) +xL (y2 -v3) +x2 (-y1 +y3)
vl -v2 -X2 + X3
O, I O}r {Ol &
23 (v1-v2) + X1 (yv2 -v3) +x2 (-y1l +vy3) %3 (v1-v2) +x1 (y2-v3) +x2 (-yl+y3)
x1 - %3 -x1 + %2
0, , 0 b

%3 (v1-v2) +x1 (v2 -v3) +x2 (-y1 +v3) ' %3 (v1-v2) +x1 (y2 -¥y3) + 82 (-v1 +v3)
-XZ + X3 V2 -vy3

{x3 (v1-v2) +XL1 (y2 -v3) + 22 (-y1+v3) =3 (v1-v2) +X1 (y2 -v3) + 22 (~y1+73)
%1l - %3 -v1+vy3

%3 (v1-v2) +xl (v2-v3) +x2 (-v1+vy3) ' 23 (yv1-v2) +x1 (v2-v3) + %2 (-yv1+v3) '

-x1 +x2 y1l-v2 }}
®3 (vl -v2) +xl (v2-v3) + %2 (-v1+v3) ' 23 (yl-v2) +x1 (v2-v3) + %2 (-yv1+v3)

ClearAll[a, b, h, Em]; a=2; b=3; Em=120; h=1;
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MatrixForm[{{Em, 0, 0}, {0, Em, 0}, {0, 0, Em /2}}]

120 0 o
0 120 0O
0 0 80 )

StiffnessOf3NodePlaneStressTriangle[{{0, 0}, {a, 0}, {a, b}}.,
{{Em, 0, 0}, {0, Em, 0}, {0, O, Em /2}}, {h}]

{{e0, 0, —90, 0, 0, O}, {0, 45, 30, —45, —30, 0}, {-90, 30, 110, -30, -20, 0},
{0, -45, -30, 85, 30, —40}, {0, -30, -20, 30, 20, 0}, {0, O, O, —-40, 0, 40}}

MatrixForm[%]

S0 0 -20 0 0 0

0 45 30 -45 -30 0

-%0 30 110 -30 -Z20 ]

0 -45 -30 &85 30 -40
0 -30 -20 30 20 0

0 0 0 -40 0 40

AssembleMasterStiffofPlanesStressModel [xycoords , elenod , elemat , elefab ] :=
Module[ {numele = Length[elenod] , numnod = Length[xycoords], ne, nl, n2, n3,
eftab, Em, nu, fnu, Emat, h, Ke, K}, K = Table[0, {2 » numnod}, {2 * numnod}] ;
For[ne = 1, ne £ numele, ne++, {nl, n2, n3} = elenecd|[ [ne]];
eftab={2+nl-1,2+nl, 2+n2-1, 2xn2, 2x*n3-1, 2+n3};
h = elefab[[ne]]; {Em, nu} = elemat|[[ne]]
fru=1-nut2; Print ["Elem=", ne, " nodes=", {nl, n2, n3}, " eftab=", eftab];
Emat = {{Em, Em+«nu, 0} /fnu, {Em+nu, Em, 0} /fnu, {0, O, Em/ (2% (1 +nu)) }}
Ke = StiffnessOf3NodePlanesStressTriangle[{xycoords[[nl]], xycoords [[n2]], xycoords[[n3]]}, Emat, {h}] -
K = MergeElemIntoMasterStiff [Ke, eftab, K] ;
17
Return[K] ;
1~

MergeElemIntoMasterStiff[Ke , eftab , Km ] := Module[{i, j, ii, JJ, neldof = Length[Ke], K}, K = Km;
For[i=1, i € neldof, i++, ii = eftab[[i]]
For[] =i, ] s neldof, J++, Jj = eftab[[]]]~
K[[J]3, 4i]] =K[[ii, J3]] +=Ke[[i, J11:]1’] 7 Return[K] ;]

K = AssembleMasterstiffOofPlaneStressModel [

{0, 1}, {0, 0}, {2, 1}, {2, 0}}, ({1, 2, 4}, {1, 4, 3}},
{{12, 174}, {6, 1/2}}, {1, 1} ]:

Print ["Master Stiffness of Plane Stress Model:"];

Print [K // MatrixForm] ;

Print [Chop [Eigenvalues[N[K]]]]
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Elem=1 nodes={1, 2, 4} eftab={1, 2, 3, 4, 7, &}

Elem=2 nodes={1, 4, 3} eftab={1, 2, 7, 8, 5, &}

Master Stiffness of Plane Stress Model:

0 -2 B 2 2 g =
5 5 5 5
o 18 8 s 4 1 138
10 5 5 2 5
28 g 4 g o _ 12
5 5 5 5
SE 2y 14 0 o 202
5 5 5 5
-2 -1 0 0 4 -2 -2
-2 LI 9 3 X -1 -3
2 2
p =2 = L 3 -1 & g
5 5 5 5
22 0 12 é _o _g 0 46
5 5 5

(28.756, 19.7763, 10.2834, 6.60581, 3.57846, 0, 0, 0}

= 3 - APLICACION CONDICIONES DE CONTORNO DE DESPLAZAMIENTOS Y FUERZAS

ModifyMasterStiffForDBC [pdof , Km ] = Module[{i, j, k, K}, K= Kmn;
For[k =1, k s Length[pdof], k++, 1 = pdof[[k]] ;

For[j =1, ] < Length[K], J++, K[[1, J]] =K[[], 1]] =0]; K[[1i, 1]] = 17]; Return[K] ;] ;
ModifyNodeForcesForDBC [pdof , pdofv , Km , nfv ]

Module[{i, j, k, 1, d, kk = Length[pdof] , n = Length[Km] , fixed, rhs},
rhs = nfv; d = pdofv; fixed = Table[False, {n}]:;
Do[i =pdof[[k]]; fixed[[i]] = True, {k, 1, kk}]-
For[k =1, k <kk, k++, 1 = pdof[[k]];
For[j=1, J=n, J++, If[fixed[[]]], Continue[]] -

rhs[[J]] =rhs[[J]] -Bm[[i, J]] #d[[k]]/];rhs[[i]] = d[[k]]/]~
Return[rhs] ;] ;

K = Array[Ks, {6, 6}];

Print ["Master stiffness matrix:"]; Print[K // TableForm] ;
p = Array([ps, {6}];

Print ["Node force vector:"]; Print[p]:

p = ModifyNodeForcesForDBC[{1, 2, 4}, {dl, d2, d3}, K, p]-

Print ["Node Force vector modified for displacement B.C.:"];
Print[p] ;

K = ModifyMastersStiffForDBC[{1l, 2, 4}, K] -

Print ["Master stiffness modified for displacement B.C.:"];
Print [K // TableForm] ;
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Master stiffness matrix:

Ks[1, 1] Ks[1, 2] Ks[1, 3] Ks[1, 4] Ks[1, 5] Ks[1, 6]
K5[2, 1] Ks[2, 2] Ks[2, 3] Ks[2, 4] K5[2, 5] Ks[2, 6]
Ks[3, 1] Ks[3, 2] Ks[3, 3] Ks[3, 4] Ks[3, 5] Ks[3, 6]
Ks[4, 1] Ks[d, 2] Ks[4, 3] Ks[4, 4] Ks[4, 5] Ks[4, 6]
K5[5, 1] Ks[5, 2] K5 [5, 3] Ks[5, 4] K5[5, 5] Ks[5, 6]
K5[6, 1] Ks[6, 2] K5[6, 3] Ks[6, 4] K5[6, 5] Ks[6, 6]

Node force vector:
{ps[1]. ps[2], ps[3], ps[4]. ps[=], pPs[6]}
Node Force vector modified for displacement B.C.:

{d1, d2, -d1Ks[1, 3] -d2Ks[2, 3] -d3Ks[4, 3] +ps[3], d3,
~dlKs[1, 5] —-d2Ks[2, 5] —d3Ks[4, 5] +ps[5], -dlKs[l, 6] -d2Ks[2, 6] -dA3Ks[4, 6] +ps[6]}

Master stiffness modified for displacement B.C.:

1 0 0 0 0 0
0 1 0 0 0 0
0 0 Ks[3, 3] 0 Ks[3, 5] Ks[3, 6]
0 0 0 1 0 0
0 0 Ks[5, 0 Ks[5, 5 Ks[5, 6
0 0 Ks[6, 3] 0 Ks5[6, 5] Ks[6, 6]

StressesIn3NodePlanesStressTriangle [{{xl , v1 }, {x2 ,¥2 }, {x3_,y¥3 }},Emat , ue ] :=
Module[{x21, x13, 32, yv12, ¥31, yv23, A, e, sige},
A=8implify[((x2*y3 -X3*xV2) + (X3 +V1-xX1+xv3) + (X1l »vy2 -x2x¥y1)) /2];
{x21, x13, x32, y12, y31, y23} = {x2-x1, x1 -x3, x3-x2, yl-y2, y3-v1, y2 -¥3};
e={{y23, 0, ¥v31, 0, yv12, 0}, {0, x32, 0, x13, 0, x21}, {x32, yv23, %13, ¥31, %21, y12}}.ue/ (2 x3);
sige = Simplify [Emat.e] ;
Return[sige] ;7] ;

StressesInPlaneStressModel [xycoords , elencd , elemat , elefab , u ] :=
Module[ {numele = Length[elenod] , numnod = Length[xycoords], i, ii, ne, nl, n2, n3, eftab,
Em, nu, fnu, Emat, ue = Table[0, {6}], sige, sig}, sig = Table[{0, 0, 0}, {numele}]
For[ne = 1, ne < numele, ne++, {nl, n2, n3} = elencd|[ [ne]] ;
eftab={2+nl-1,2+%nl, 2+n2-1, 2+«n2, 2*n3-1, 2+n3};
Do[ii = eftab[[i]];ue[[i]] =w[[ii]], {1, 1, &}]~
{Em, nu} = elemat[[ne]]; fnu=1-nu"2;
Emat = {{Em, Em«nu, 0} /fnu, {Em+nu, Em, 0} /fnu, {0, 0, Em/ (2% (1 +nu)) }}
sig[[ne]] =
StressesIn3NodePlaneStressTriangle[ {xycoords|[[nl]], xycoords|[[n2]], xycoords[[n3]]}, Emat, ue]];

Return [
sig];];

ClearaAll[a, b, h, Em]; a=2; b=3; Em=1000; exx=0.15; eyy = -0.125;
sige = StressesIn3NodePlaneStressTriangle[{{0, 0}, {a, 0}, {a, b}},

{{Em, 0, 0}, {0, Em, 0}, {O, 0, Em /2}}, {0, 0, exxxa, 0, exx+a, eyyv+bl}];
Print [Chop[N[sige]]] -

{150., -125., 0}
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LinearSolutionOfPlaneStressModel [xycoords , elencd , elemat , elefab , doftag , dofval ] :=
Module[{K, Kmod, u, £, j, n, ns, supdof, supval, numnod = Length [xycoords] , numele = Length[elened] },
K = AssembleMasterStiffOfPlanesStressModel [xycoords, elenod, elemat, elefab] ;
K=N[K];
ns = 0; Do[De[If[doftag[[n, J]] > 0, ns++], {Jj, 1, 2}], {n, 1, numned}];
supdef = supval = Table[0, {ns}] -
k = 0; Do[Do[If[doftag[[n, J]] » 0, k++; supdof[[k]] =2% (n-1) +7];
supval[[k]] =defval[[n, J]]1]1, {3, 1, 2}], {n, 1, numned}]; Print["supval=", supval];
Print ["supdof=", supdof] ; £ = ModifyNodeForcesForDBC [supdef, supval, K, Flatten[dofval]]
Print ["f=", £]; Kmod = ModifyMasterStiffForDBC [supdof, K] ;
u = Simplify [Inverse[Kmod] .f] ; u = Chop[u] ;
f = Simplify[K.u]; £ = Chop[f] ;
sig = StressesInPlaneStressMedel [xycoords, elenod, elemat, elefab, u] ;
sig = Chop[sig]
Return|[{u, £, sig}] -
1~

Plot2DMesh[xycoords , elenod , aspect , label ] := Module[
{eNL, n, nc, xyc, poly = sides = {} ; numele = Length[elencd] }, Do[eNL = elencd[ [ne] ] ;s nc = Length[eNL] ;
If[nc # 3 &&nc # 4, Continue[]]; xyc = Table[0, {nc+1}]
eNL = AppendTo[eNL, eNL[[1]]],; Do[n =eNL[[i]]; xyc[[i]] = xyeoords[[n]], {i, 1, nc+1}];
pely = AppendTo [poly, Graphics[Polygon[Take[xyec, nc]]]] !
sides = AppendTo[sides, Graphics[Line[xyc]]], {ne, 1, numele}];
Show [Graphics [RGBColor[1l, 1, 0]], poly, Graphics [Thickness[0.008]],
Graphics [RGBColor [0, 0, 0]], sides, AspectRatio » aspect, PlotLabel - label]
1~

ContourPlotNodeFuncOver2DMesh [xycoords , elened , £ , fmax , Nsub , aspect , label ] :=
Module[{eNL, n, nc, xyc, fe, poly = {}, P},

For[ne = 1, ne < Length[elenod] , ne++, eNL = elenod[ [ne] ] ; nc = Length[eNL] ;
If[nc # 3&&nc # 4, Continue[]] -
fe = xyc = Table [0, {nc}];
Do[n = eNL[[1]]/ xyc[[1]] = xycoords[[n]]; fc[[i]] = £[[n]], {1, 1, nc}];
If[nc == 3, p = PlotFunctionCOverTriangle[xyc, fc, fmax, Nsub]] ;
If[nc == 4, p = PlotFunctionCverQuadrilateral [xyc, £c, fmax, Nsub]] -
poly = Join[pely, pl]:

Show [poly, AspectRatio —» aspect, PlotLabel -» label]];

ContourPlotElemFuncOver2DMesh [xycoords , elenod , fe , fmax , Nsub , aspect , label ]

Module[{eNL, n, nc, xyec, fo, poly = {}, P},
For[ne = 1, ne £ Length[elenod] , ne++, eNL = elenod[ [ne] ] ; nc = Length[eNL] ;
If[nc # 3 &&nc # 4, Continue[]] -
fc = xyc = Table[fe[[ne] ], {nc}]:
Do[n =eNL[[i]] s xyc[[i]] = xycooxrds[[n]], {i, 1, nc}] -~
Print[{ne, xyc, fc}]; If[nc == 3, p = PlotFunctionOverTriangle[xyc, fc, fmax, 1]] -
If [nc == 4, p = PlotFunctionOverQuadrilateral [xyc, fc, fmax, 1]] -
poly = Join[poly, pll:
Show [pely, AspectRatioc » aspect, PlotLabel » label]
1~

PlotFunctionOverTriangle [xyc , f¢ , fmax , Nsub ] :=
Module[{Ni, zcl, zc2, Zc3, xc, yc, x1, x2, x3, yvl1, yv2, yv3, izl, iz2, iz3,
cl, c2,c3,d, f1, £2, £3, £, poly = {}}, {{x1, v1}, {x2, v2}, {x3, ¥3}} = xye’;
xc = {x1, x2, x3};yc = {yl, y2, v3}; {f1, £f2, £3} = fc; Ni =Nsub * 3;
Do[Do[iz3 = Ni-izl -iz2; If[iz3 £ 0, Continue[]],;d =0;

- rae o1r o a -~ P A mmme A . - ~n ~ £ -



m6-05-Chi5-Trig3PlaneStress-v2005-jloliver@mem. upv. es.
If[Mod[izl -2, 3] == 0 &&Mod[iz2+1, 3] ==0,d=-1];
If[d == 0, Continue[]]
zcl = N[{izl +d+d, iz2-d, iz3 -d} /Ni] -
zc2 = N[{izl -d, iz2+d+d, iz3 -4} /Ni] -
zc3 = N[{izl -d, iz2-d, iz3+d+d} /Ni] -’
£f=N[(fl+izl +f2+1iz2+ £f3%1iz3) /Ni];
{el, c2, 3} = ContourPelyColeor [f£, fmax] ;
AppendTo [poly, Graphics [RGBColor[cl, c2, ¢3]]]
AppendTo [peoly, Graphics [Polygon[{{xc.zcl, yc.zcl}, {xc.z2c2, ye.zc2}, {Xc.ze3, ve.zc3}}]]1] .,
{iz2, 1, Ni -1iz1}], {izl, 1, Ni}]-
Return[poly] 7] -

PlotFunctionOverQuadrilateral [xye , fc¢ , fmax , Nsub ] :=
Module[{Ne, Nev, xvl, xy2, xy3, i, jJ, n, ixi, ieta, xi, eta, x1, %2, x3, x4, v1, v2, v3, vd, xc, yo,
cl, c2,c3,d, f1, £2, £3, £4, £, poly = {}}, {{=x1, v1}, {x2, ¥v2}, {x3, yv3}, {=4, v4}} = xyc;
xc = {x1, %2, x3, x4}; ye={vl, v2, v3, v4},; {f1, £2, £3, f4} = fc;
Ne[xi ,eta ] :=N[{{1-xi)=* (1-eta), (1+xi)* (1l-eta), (L+xi) « (L+eta), (L-xi) » (L+eta)} /4]:
n = Nsub;
Do[Do[ixi= (2*i-n-1) /n;ieta= (2«*]J-n-1) /n;
{¥i, eta} =N[{ixi-1/n, ieta-1 /n}]; Nev = Ne[xi, eta];
xyl = {xc.Nev, yc.Nev};
{xi, eta} =N[{ixi+1/n, ieta -1 /n}]; Nev
xy2 = {xc.Nev, yc.Nev};
{xi, eta} =N[{ixi+1 /n, ieta+1 /n}]; Nev = Ne[xi, eta];
Xy3 = {xc.Nev, yc.Nev};
{¥i, eta} =N[{ixi-1/n, ieta+1 /n}]; Nev = Ne[xi, eta];
Xxyd = {xc.Nev, yc.Nev};
Nev = Ne[N[ixi], N[ietal]] ;
{cl, 2, ¢3} = ContourPolyColor [fc.Nev, fmax] ;
AppendTo [poly, Graphics [RGBColor[cl, c2, ¢3]]]
AppendTo[poly, Graphics [Polygon[{xyl, xy2, xv3, xv4}]]], {1i, 1, Nsub}], {j, 1, Nsub}];
Return[pely] 7] -

Ne[xi, eta] ;

ContourPelyColor[f , fmax ] :=
Module[{r, RGBmax = {1, 0, 0}, RGBmin = {0, 0, 1}, RGBzero = {1, 1, 1}, RGBout = {0, 0, 0}},
If[f == 0 | | fmax == 0, Return[RGBzero]]; (sWhite if £=0%)If[f > fmax || £ < -fmax, Return[RGBout]] ;
(xBlack if outside rangex)If[f > 0, r = N[f / fmax] ; Return[r * RGBmax + (1 - r) * RGBzero]] ;
(spositives)If[f < 0, r= -N[f / fmax] ; Return[r « RGBmin + (1 - r) * RGBzerc] ] ; (snegativex)] ;

Off [General::"spelll™]
Off [General::"spell™]
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xycl = {0, 0}; xyc2 = {3, -1}; xye3 = {2, 2},

xyc = N[ {xycl, xyc2, xyc3}]; Nsub = 4;

poly = PlotFunctionOverTriangle [xyc, {-10, -10, 10}, 10, Nsub] ;
Show [poly]
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xycl = {0, 0}; xyc2 = {3, 1}; xyc3 = {2, 2}; xycd = {-1, 3};

xye = N[ {xyel, xyc2, xyc3, xycd}]; Nsub = 4;

poly = PlotFunctionOverQuadrilateral [xyc, {-4, -10, 10, 3}, 10, Nsub] ; Show[poly]
poly = PlotFunctionOverQuadrilateral [xyc, {-4, -10, 10, 3}, 5, Nsub]; Show[poly]

—
g

\
—

xycoords = N[{{0, 10}, {-8.66, 5}, {-8.66, -5}, {0, -10}, {8.66, -5}, {8.66, 5},
{-4.33, 2.5}, {-4.33, -2.5}, {4.33, -2.5}, {4.33, 2.5}, {0, 0}}]:

elenod = {{1, 2, 7}, {2, 3, 8, 7}, {3, 4, 8}, {1, 7, 11}, {7, 8, 11}, {8, 4, 11}, {1, 11, 10},
{11, 9, 10}, {11, 4, 9}, {1, 10, 6}, {10, 9, 5, 6}, {4, 5, 9}};
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{(* Test mesh and node-defined contour plot «)
numnod = Length[xycoords] ; numele = Length[elenod] ;
sigxx = sigyy = sigxy = Table[0, {numnocd}]; sxxmax = syymax = sxymax = 0;
Do [{x, ¥} = xycoords[[n]]; r=Sgrt[x"2 +y"2];
s=¢=0; If[r>0, s=yv/xr; ¢c=x/1];
{sigxx[[n]], sigyy[[n]], sigxy[[n]]} = N[{0.25-c"4,
0.125-s5""2%xc"2, -—sxc™3}];
sxxmax = Max [sxxmax, Abs[sigxx[[n]]]]:
syymax = Max[syymax, Abs[sigyy[[n]]]];
sxymax = Max [sxymax, Abs[sigxy[[n]]]]:
{n, 1, numnod}] ;
aspect = 10 /8.66;
PlotZDMesh [xycoords, elenod, aspect, "hexagon test mesh™]
ContourPlotNodeFuncOver2DMesh [Xxycoords, elenoed, sigxx, sxXxmax, 4,
aspect, "sigxx"]
ContourPlotNedeFuncOver2DMesh [Xycoords, elened, sigxy, sxymax, 4,

aspect, "sigxy"]

hexagon test mesh




sigxx

999> o>

sigxy
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{(* Test element-defined contour plot =)
sigexx = sigeyy = sigexy = Table [0, {numele}]; sxxemax = syyemaX = sxXyemax = 0;
Do [eNL = elenod[[ne]]; nc = Length[eNL]; x0 =v0 = 0;
Do [n=eNL[[i]]; {x0, ¥v0} += xycoords[[n]], {i, 1, nc}]:;
{x0, y0} = {x0, y0} /fnec; r = Sgrt[x0"2 +y0"2];
s=c=0; If[r>0, s8=vy0/r; c=x0/r];
{sigexx[[ne]], sigevyy[[ne]], sigexy[[ne]]} = N[{0.25-c"4,
0.125-38"2%c"2, —sxc™3}];
sxxemax = Max[sxxemax, Abs[sigexx[[ne]]]]:
syvemax = Max|[syyemax, Abs[sigeyy[[ne]]]]-
sxyemax = Max[sxyemax, Abs[sigexy[[ne]]]].
{ne, 1, numele}] ;
ContourPlotElemFuncOver2DMesh [Xycoords, eleneod, sigexx, sxXxemax, 1,
aspect, "sigexx"]
ContourPlotElemfuncOver2DMesh [xycoords, eleneod, sigexy, sxyemax, 1,
aspect, "sigexy"]

{1, {{0., 10.}, {-8.66, 5.}, {-4.33, 2.5}}, {0.123798, 0.123798, 0.123798}}

{2, {{-8.66, 5.}, {-B.66, -5.}, {-4.33, -2.5}, {-4.33, 2.5}}, {-0.75, -0.75, —-0.75, —-0.75}}
{3, {{-8.66, -5.}, {0., -10.}, {-4.33, -2.5}}, {0.123798, 0.123798, 0.123798}}

{4, {{0., 10.}, {-4.33, 2.5}, {0., 0.}}, {0.238522, 0.238522, 0.238522}}

{5, {{-4.33, 2.5}, {-4.33, -2.5}, {0., 0.}}, {-0.75, -0.75, -0.75}}

{6, {{-4.33, -2.5}, {0., -10.}, {0., 0.}}, {0.238522, 0.238522, 0.238522}}

{7, {{0., 10.}, {0., 0.}, {4.33, 2.5}}, {0.238522, 0.238522, 0.238522}}

{8, {{0., 0.}, {4.33, -2.5}, {4.33, 2.5}}, {-0.75, -0.75, —-0.75}}

{9, {{0., 0.}, {0., —10.}, {4.33, -2.5}}, {0.238522, 0.238522, 0.238522}}

{10, {{0., 10.}, {4.33, 2.5}, {8.66, 5.}}, {0.123798, 0.123798, 0.123798}}

{11, {{4.33, 2.5}, {4.33, -2.5}, {8.66, -5.}, {8.66, 5.}}, {-0.75, -0.75, -0.75, -0.75}}

{12, {{0., -10.}, {8.66, -5.}, {4.33, -2.5}}, {0.123798, 0.123798, 0.123798}}

sigexx
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{1
{2,
{3,
{4,
{5
(e,
{7
{8,
{9
{1o,
{11,

{1z,
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{{0., 10.}, {-8.66, 5.}, {-4.33, 2.5}}, {0.170019, 0.170019, 0.170019}}
{{-8.66, 5.}, {-8.66, -5.}, {-4.33, -2.5}, {-4.33, 2.5}}, {0., 0., 0., 0.}}
{{-8.66, -5.}, {0., -10.}, {-4.33, -2.5}}, {-0.170019, -0.170019, -0.170019}}
{{0., 10.}, {-4.33, 2.5}, {0., 0.}}, {0.0331362, 0.0331362, 0.0331362}}
{{-4.33, 2.5}, {-4.33, -2.5}, {0., 0.}}, {0., 0., 0.}}

{{-4.33, -2.5}, {0., -10.}, {0., 0.}}, {-0.0331362, —-0.0331362, —0.0331362}}
{{0., 10.}, {0., 0.}, {4.33, 2.5}}, {-0.0331362, -0.0331362, - 0.0331362}}
{{0., 0.}, {4.33, -2.5}, {4.33, 2.5}}, {0., 0., 0.}}

{{0., 0.}, {0., -10.}, {4.33, -2.5}}, {0.0331362, 0.0331362, 0.0331362}}
{{0., 10.}, {4.33, 2.5}, {8.66, 5.}}, {-0.170019, —-0.170019, -0.170019}}
{{4.33, 2.5}, {4.33, -2.5}, {8.66, —-5.}, {8.66, 5.}}, {0., 0., 0., 0.}}

{{0., -10.}, {B.66, -5.}, {4.33, -2.5}}, {0.170019, 0.170019, 0.170019}}

sigexy
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GenerateNodes[Lx , Ly ,nx ,ny ] :=
Module[{k, i, j, dx, dy, nxy, numned}, numnod = (nXx +1) *» (ny + 1) ; nxy = Table[0, {numnod}];
dx=Lx/nx; dy =Ly /ny; k=0;
Do[Do[nxy[[++k]] = {dx+ (i-1), dy+* (J-1)}, {3, 1, ny+1}], {i, 1, nx+1}];
Return [nxy]] -

GenerateTriangles[nx , ny , pat ] := Module[{k, i, J, ¢1, ¢2, numele, enl},
numele = ({2, 2, 4, 2} [[pat]]) *nx +ny,; enl = Table[{0, 0, 0}, {numele}];k =0;
Do[Dofel = (ny+1) « (1i-1)+J;c2=cl+ny+1;

If[pat == 1, enl[[++k]] = {<cl1, ¢2, 1+ 1} ;

enl[[++k]] = {e2+1, cl+1, c2}];
If[pat == 2, enl[[++k]] = {cl1, c2, 2+ 1} ;
enl[[++k]] = {e2+1, el +1, cl1}];
If[pat == 3, enl[[++k]] = {cl, c2, c1+1};
enl[[++k]] {e2+1, cl+1, c2};
enl[[++k]] = {el, c2, c2 +1};
enl[[++k]] = {e2+1, el +1, cl1}];

If[pat ==4, If[j sny /2, enl[[++k]] = {cl, c2, c2+1};
enl[[++k]] = {e2+1, el +1, ¢l}, enl[[++k]] = {el1, 2, cl +1};
enl[[++k]] = {e2+1, el +1, c2}]]"

Continue[], {Jj, 1, ny}], {i, 1, nx}] ; Return[enl]]:

GenerateEndShearForces [ny , numnod , shear , shdist , height , nfv ] :=
Module[{dy, n, nl, n2, xil, xi2, xi3, f1, £2, £3, smax, shfor, £},

f = nfv; smax = 6 * shear / height; dy = height /ny; xil = 0;

Do[xi2 =xil+1/ (2+ny); xi3 = xi2+1/ (2+nVy) ;
nl =numod-ny+ (n-1);n2 =nl +1;
If[shdist == "P", f1 = smax % (xil - xil"2); £2 = smax % (xi2 - xi2"2) ;

£3 = smax % (xi3 -xi372), f1 = £2 = £3 = shear /height] ;

fl[nl, 2]] += (f1 +2x£2) xdy /6; £[[n2, 2]] += (2x£f2 +£3) xdy / 6;
¥il = xi3, {n, 1, ny}]-

shfor = 0; Do[shfor += £[[n, 2]], {n, numnod - ny, nummod}] ;

Print [" Teotal end shear force= ", shfor]; Return[f]]:

GenerateEndMomentForces [ny , numnod , moment , height , nfv ] := Module[
{dy, df , n, n1, n2, £f1, £2, bmom, £}, £ = nfv; f1 = - 6 » moment /height*2; df = 2 » f1 /ny; dy = height /ny;
Do[nl =numned -ny + (n-1); n2 =nl+1; f2 = f1 - df;
fl[nil, 1]] -= (2+x£f1 +£2) xdy / 6;
fl[n2, 1]] -= (f1+2%£f2) *dy /6; f1 =f2, {n, 1, ny}]; yn=height /2,
bmom = 0; Do[bmom += £[[n, 1]] * ynn; yn -= dy, {n, numnod - ny, numnod}] ;
Print [" Total end moment= ", bmom] ; Return[f]] ;

GenerateEndAxialForces [ny , numnod , axial , height , nfv ] :=
Module[{df, n, nl, n2, axforce, £}, £ = nfv; df = axial / ny;
Do[nl =numned -ny + (n-1);nZ2 =nl+1;
fl[nl, 1]] +=adf /2; £f[[n2, 1]] +=df 7/ 2;
Continue[], {n, 1, ny}] -
axforce = 0; Do[axforce += £[[n, 1]], {n, numnod - ny, numnod}] ;
Print [" Teotal axial force= ", axforce]; Return[f]] -
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Xyc = GenerateNodes[12, 3, 6, 6] ; enl = GenerateTriangles([6, 6, 4] ;
Plot2DMesh [xyc, enl, 3 /12, "test regular mesh generator™]

Print [GenerateEndShearForces [4, 8, 40., "P", 12, Table[{0, 0}, {8}]111~
Print [GenerateEndMomentForces[4, 8, 96., 12, Table[{0, 0}, {8}11]~
Print [GenerateEndAxialForces [4, 8, 30., 12, Table[{O0, 0}, {8}]11]~-

test regular mesh generator

Total end shear force= 40.

{{0, 0}, {0, 0}, {0, 0}, {0, 2.1875}, {0, 10.625}, {0, 14.375}, {0, 10.625}, {0, 2.1875}}

Total end moment= 96.

({0, 0y, {0, O}, (0, O}, (5., O}, {&., O}, {0-, O}, {=6., O}, {-5., 0}}

Total axlal force= 30.

{{o, 0}, {0, 0}, {0, 0}, {3.75, 0}, {7.5, 0}, {7.5, 0}, (7.5, 0}, {3.75, 0}}

{(#Berkeley cantilever benchmarks)ClearAll[Em, nu, Lx, Ly, nx, ny, nmeshes, P, M, 8, loadcase] ;
nmeshes = 3; Em = 30000; nu=0;

nx=4;ny =2; Lx=48.0; Ly = 12.0; aspect = Ly /Lx;

P=60.;M=960.;8 =40.; loadcase = "Shear";

{(#Generate FEM modelx)

For [hruns = 1, nruns < nmeshes, nruns ++, NodeCoordinates = GenerateNedes [Lx, Ly, nx, ny]]
ElemNodeLists = GenerateTriangles[nx, ny, 4] -

numned = Length [NodeCoordinates] ; numele = Length [ElemNodeLists] ;

ElemMaterial = Table[{Em, nu}, {Length[ElemNodelLists]}] -

ElemFabrication = Table[l, {Length[ElemNodeLists]}] -

FreedomValues = FreedomTags = Table[{0, 0}, {numnod}] ;

If [loadcase == "Axial", FreedomValues = GenerateEndAxialForces [ny, numnod, P, Ly, FreedomValues] ] ;
If [loadcase == "Moment" , FreedomValues = GenerateEndMomentForces [ny, numnod, M, Ly, FreedoemValues]] ;
If [loadcase == "Shear™”, FreedomValues = GenerateEndShearForces [ny, numned, S, "P", Ly, FreedomValues]] ;

Do [FreedomTags [ [n]] = {1, 1}, {n, 1, ny +1}]
Plot2DMesh [NodeCoordinates, ElemNodelists, aspect,
"Generated " <> ToString[nx] <> " x " <> ToString[ny] <> " mesh™]

Total end shear force= 40.

Generated 4 x 2 mesh

{(*Solve problem and print resultss)
{u, £, sig} = LinearSclutionCfPlaneStressMedel [NodeCoordinates, ElemNodelists,
ElemMaterial , ElemFabrication, FreedomTags, FreedomValues] ;
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Elem=1 nodes={1, 4, 5} eftab={1, 2, 7, 8, 9, 10}

Elem=2 nodes={5, 2, 1} eftab={%, 10, 3, 4, 1, 2}

Elem=3 nodes={Z2, 5, 3} eftab={3, 4, %, 10, 5, &}

Elem=4 nodes={6, 3, 5} eftab={11, 12, 5, 6, 9, 10}
Elem=% nodes={4, 7, 8} eftab={7, 8, 13, 14, 15, 16}
Elem=¢6 nodes={8, 5, 4} eftab={1%, 16, 2, 10, 7, 8}
Elem=7 nodes={5%, 8, 6} eftab={%, 10, 15, 16, 11, 12}
Elem=8 nodes={%, 6, 8} eftab={17, 18, 11, 1z, 15, 16}
Elem=9% nodes={7, 10, 11} eftab={13, 14, 19, 20, 21, 22}
Elem=10 nodes={11, 8, 7} eftab={21, 22, 15, 16, 13, 14}
Elem=11 nodes={8, 11, 9} eftab={15%, 16, 21, 22, 17, 18}
Elem=12 nodes={12, 9, 11} eftab={23, 24, 17, 18, 21, 22}
Elem=13 nodes={10, 13, 14} eftak={19, 20, 25, 26, 27, 28}
Elem=14 nodes={14, 11, 10} eftab={27, 28, 21, 22, 19, 20}
Elem=15 nodes={11, 14, 12} eftab={21, 22, 27, 28, 23, 24}
Elem=16 nodes={15, 12, 14} eftab={29, 30, 23, 24, 27, 28}
supval={0, 0, 0, 0, 0O, O}

supdof={1, 2, 3, 4, 5, &6}

Print [ "Computed displacements u=", u]:
Print ["Recovered forces f£=", f];
Print ["Element stresses sig=", sig] -’
ntip = numnod -ny / 2;
Print[" Computed tip displacements= ", {u[[2+ntip-1]], u[[2 *ntip]]}]-
Iz =Ly"~3/12;
If[loadcase == "Axial", Print[" wvs. analytical=", {0, P+xLx/ (Em*xLy)}]] -
If [loadcase == "Moment”, Print [" vs. analytical=", {0, M*Lx"2 / (2 *Em*=Iz)}]] -
If [loadcase == "Shear",
Print[" ws. analytical=", {0, 8S+*Lx"3/ (3+«Em+Iz) + ((4+5*nu) /4) *8+Lx/ (Em*2+Ly)}]]-~

Computed displacements u={0, 0, 0, 0, 0, 0, 0.00937437, 0.0121231, 0, 0.011959, -0.00937437,
0.0121231, 0.0160417, 0.040207, 0, 0.0400404, -0.0160417, 0.040207, 0.0200414, 0.0789561, 0,
0.0787907, -0.0200414, 0.0789561, 0.0213548, 0.122979, 0, 0.122893, —0.0213548, 0.122979}

Recovered forces f={-160., 24.846l1, 0, -89.6922, 160.,
24.8461, 0, 0, 0, 0, 0, 0, O, 0,0, 0,0,0,0,0,0,0,0,0,0,7.5 0, 25.,0, 7.5}

Element stresses sigs=
{{23.435%9, -0.820703, -8.28204}, {0, O, 14.2487}, {0, 0, 14.2487}, {-23.4358, 0.820703, -8.28204},
{16.6682, -0.833049%, -4.99523}, {0, -0.820703, 11.6659}, {0, 0.820703, 11.6658},
{-16.6682, 0.833049, -4.99%23}, {9.99%27, -0.827204, -1.66703}, {0, -0.833049, 8.3337},
{0, 0.833049, 8.3337}, {-9.99927, 0.827204, -1.66703}, {3.283%57, -0.429107, 1.64179},
{0, -0.827204, 5.02488}, {0, 0.827204, 5.02488}, {-3.28357, 0.429107, 1.64179}}

Computed tip displacements= {0, 0.122893}

vs. analytical={0, 0.344}
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{(*Plot Displacement Component Distributionsx)ux = uy = Table[0, {numnod}] ;
Dofuz[[n]] =u[[2+n-1]]7uy[[n]] =u[[2+n]], {n, 1, numned}];

uxmax = uymax = 0;
Do [uxmax = Max[Abs[ux[[n]]], uxmax]; uymax = Max[Abs[uy[[n]]], uymax], {n, 1, numnod}] ;

ContourPlotNodeFuncCver2DMesh [NodeCoordinates,
ElemNodelLists, ux, uxmax, 3, aspect, "Displacement component ux"]

ContourPlotNodeFuncOver2DMesh [NodeCoordinates, ElemNodelists,
uy, uymax, 3, aspect, "Displacement component uy™]

Displacement component ux

“

L

Displacement component uy

SXX = 8yY = sxXy = Table[0, {numele}]:

Do[{szx[[ne]], syy[[ne]], sxy[[ne]]} = sig[[ne]], {ne, 1, numele}];
SX¥max = syymax = sxymax = 0;
Do[sxxmaxX = Max[Abs [sxx[[ne] ]], sxxmax] ; syymax = Max[Abs [syy|[[ne]]], syymax] ;

sXxymaxX = Max[Abs[sxy[[ne]]], sxymax], {ne, 1, numele}] ;
ContourPlotElemFuncOver2DMesh [NodeCoordinates,
ElemNodelists, sxx, sxxmax, 1, aspect, "Element stress sig-xx"]
ContourPlotElemfuncOver2DMesh [NodeCoordinates, ElemNodelists,
SYY, syymax, 1, aspect, "Element stress sig-yy"]
ContourPlotElemFuncOver2DMesh [NodeCoordinates , ElemNodelists,
SXY, sXymax, 1, aspect, "Element stress sig-xy"]

nx =2 *nx; ny = 2 #ny; (*end For loop=*)



m6-05-Ch15-Trig3PianeStrass-v2005-jloliver@mem.upv.es.nb
1{0c; 0oy {220p Oc)y {120y Bl [B3.43588, 23.4388, 23,4359 ]

{1,
{2,
{3,
{4,
{5,
{6,
{7,
{8,
{9,
{10,
{11,
{12,
{13,
{14,
{15,

{18,

{{l2., 6.3, {0., 6.3, {0., 0.3}, {0, 0, O}}

{{0., 6.y, {12., 6.3, {0., 12.3}, {0, 0, 0}}

{{12.
{{12.
{{24.
{{12.
{{24.

[{24.

4

r

r

F

{{36.

{{24.

{{36.

{{36.

{{48.
{{36.

{{48.

4

r

r

4

4

4

12.}, {0., 12.}, {12., 6.}}, {-23.4359, —-23.4359, -23.4359}}
0.}, {24., 0.}, {24., 6.}}, {16.6682, 16.6682, 16.6682}}
6.}, {12., 6.}, {12., 0.}}, {0, 0, 0}}
6.}, {24., 6.}, {12., 12.}}, {0, 0, 0}}
12.}, {12., 12.}, {24., 6.}}, {-16.6682, —-16.6682, -16.6682}}
0.}, {36., 0.}, {36., 6.}}, {9.99927, 9.99927, 9.99927}}
6.}, {24., 6.}, {24., 0.}}, {0, 0, 0}}
6.}, {36., 6.}, {24., 12.}}, {0, 0, 0}}
12.}, {24., 12.}, {36., 6.}}, {-9.99927, -9.99927, —-9.99927}}
0.}, {48., 0.}, {48., 6.}}, {3.28357, 3.28357, 3.28357}}
6.}, {36., 6.}, {36., 0.}}, {0, 0, 0}}
6.}, {48., 6.}, {36., 12.}}, {0, 0, 0}}

12.}, {36., 12.}, {48., 6.}}, {-3.28357, -3.28357, —-3.28357}}

Element stress sig—xx

B B
-

{{0., 0.}, {12., 0.}, {12., 6.}}, {-0.820703, -0.820703, —0.820703}}

{9,
{10,
{11,
{12,
{13,
{14,
{15,

{1gq,

({12., 6.3, {0., 6.}, {0., 0.}}), {0, 0, O}}

{{0., 6.y, {12., 6.3, {0., 12.33, {0, 0, 0}3

({12.
({12.
{{24.
{{12.
{{24.

[{24.

, 12.3, {0., 12.}, {12., 6.}}, {0.820703, 0.820703, 0.820703}}

r

r

r

r

r

0.}, {24., 0.}, {24., 6.3}, {-0.833049, -0.833049, —0.833049}}
6.}, {12., 6.}, {12., 0.}}, {-0.820703, -0.820703, —0.820703}}
6.}, {24., 6.}, {12., 12.}}, {0.820703, 0.820703, 0.820703}}
12.}, {12., 12.}, {24., 6.}}, {0.833049, 0.83304%, 0.833049}}

0.}, {36., 0.}, {36., 6.3}, {-0.827204, -0.827204, -0.827204}}

{{36., 6.}, {24., 6.}, {24., 0.3}, {-0.833049, -0.833049, -0.833049}}

{{24.

{{36.

{{36.

{{48.
{{36.

{{48.

F

r

r

r

r

r

6.}, {36., 6.}, {24., 12.}}, {0.833049, 0.833049, 0.833049}}
12.}, {24., 12.}, {36., 6.}}, {0.827204, 0.827204, 0.827204}}
0.}, {48., 0.}, {48., 6.}}, {-0.429107, -0.429107, —0.429107}}
6.}, {36., 6.}, {36., 0.}}, {-0.827204, —-0.827204, —0.827204}}
6.}, {48., 6.}, {36., 12.}}, {0.827204, 0.827204, 0.827204}}

12.}, {36., 12.}, {48., 6.}}, {0.429107, 0.429107, 0.425107}}

Element stress sig—yy




is8

{1,
{2,
{3,
{4,
{5,
{6,
{7,
{8,
{9,
{10,
{11,
{12,
{13,
{14,
{15,

{18,

{{0.
{{1z

{{0.

{{12.
{{12.
{{24.
{{12.
{{24.

[{24.
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, 0.}, {12., 0.}, {12., 6.}}, {-8.28204, —8.28204, —-5.28204}}

., 6.}, {0., 6.}, {0., 0.}}, {14.9487, 14.9487, 14.9487}}

, 6.1, {12., 6.}, {0., 12.}}, {14.9487, 14.9487, 14.9487}}

, 12.3, {0., 12.}, {12., 6.}}, {-8.28204, —-8.28204, -8.28204}}
, 0.}, {24., 0.}, {24., 6.}}, {-4.99923, —4.99923, -4.99923}}

, 6.}, {12., 6.}, {12., 0.}}, {11.6659, 11.6653, 11.6659}}

, 6.}, {24., 6.}, {12., 12.}}, {11.665%, 11.6659, 11.6659}}

, 12,3, {12., 12.3}, {24., 6.}}, {-4.99923, -4.99923, -4.99923}}

, 0.}, {36., 0.}, {36., 6.}}, {-1.66703, —1.66703, -1.66703}}

{{36., 6.}, {24., 6.}, {24., 0.}}, {8.3337, 8.3337, 8.3337}}

({24., 6.}, {36., 6.}, {24., 12.}}, {8.3337, 8.3337, 8.3337}}

({36., 12.}, {24., 12.}, {36., 6.}}, {-1.66703, -1.66703, -1.66703}}

{{36., 0.}, {48., 0.}, {48., 6.}}, {1.64179, 1.64179, 1.64179}}

{{48., 6.}, {36., 6.}, {36., 0.}}, {5.02488, 5.02488, 5.02488}}

{{36., 6.}, {48., 6.}, {36., 12.}}, {5.02488, 5.02488, 5.02488}}

{{48., 12.}, {36., 12.}, {48., 6.}}, {1.64179, 1.64179, 1.64179}}

Element stress sig—xy

SXX = 8YY = 8Xy = Table[0, {numele}]:

Do[{szx[[ne]], syy[[ne]], sxy[[ne]]} = sig[[ne]], {ne, 1, numele}];

SXXmax = syymax = sxymax = 0;

Do [sxxmax = Max[Abs [sxxX[[ne]]], sxxmax] ; syymax = Max[Abs [syy][[ne]]], syymax] ;

sxymax = Max[Abs [sxy[[ne]]], sxymax], {ne, 1, numele}];

ContourPlotElemFuncOver2DMesh [NodeCoordinates,
ElemNodelists, sxx, sxxmax, 1, aspect, "Element stress sig-xx"]
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{1 {{0.; 0oy (18os Oalp {120y Ball, {23.43588, 23.483588, 28,4353} ]

{2, {{12., 6.}, {0., 6.}, {0., 0.}}, {0, O, 0}}

{3, {{0., 6.3, {12., 6.}, {0., 12.}}, {0, 0, 0})

{4, {{12., 12.}, {0., 12.}, {12., 6.}}, {-23.4359, -23.4359, —23.4359}}
{5, {{12., 0.}, {24., 0.}, {24., 6.}}, {16.6682, 16.6682, 16.6682}}

{6, {{24., 6.}, {12., 6.}, {12., 0.}}, {0, 0, 0}}

{7, {{12., 6.}, {24., 6.}, {12., 12.}}, {0, 0, 0}}

{8, {{24., 12.}, {12., 12.}, {24., 6.}}, {-16.6682, -16.6682, —16.6682}}
{9, {{24., 0.}, {36., 0.}, {36., 6.}}, {9.99927, 9.99927, 9.99927}}

{10, {{36., 6.}, {24., 6.}, {24., 0.}}, {0, O, 0}}

{11, {{24., 6.}, {36., 6.}, {24., 12.}}, {0, 0, 0}}

{12, {{36., 12.}, {24., 12.}, {36., 6.}}, {-9.99927, -9.99927, —-9.99927}}
{13, {{36., 0.}, {48., 0.}, {48., 6.}}, {3.28357, 3.28357, 3.28357}}

{14, {{48., 6.}, {36., 6.}, {36., 0.}}, {0, 0, 0}}

{15, {{36., 6.}, {48., 6.}, {36., 12.}}, {0, 0, 0}}

{16, {{48., 12.}, {36., 12.}, {48., 6.}}, {-3.28357, -3.28357, —-3.28357}}

Element stress sig—xx

B B
-

ContourPlotElemFuncOver2DMesh [NodeCoordinates,
ElemNodelists, syy, syymax, 1, aspect, "Element stress sig-yy"]



20

{1,
{2,
{3,
{4,
{5,
{6,
{7,
{8,
{9,
{10,
{11,
{12,
{13,
{14,
{15,

{18,

{{0., 0
{{12.,
{{0., ©
{{12.,
{{1z.,
{{24.,
{{1z.,
{{24.,
{{24.,
{{36.,
[(24.,
({36.,
({36.,
{{48.,
{{36.,

({4s.,

m6-05-Ch15-Trig3PlaneStress-v2005-jloliver@mem.upv.es.

.}, {12., 0.}, {12., 6.}}, {-0.820703, -0.820703, - 0.820703}}
6.}, {0., 6.}, {0., 0.}}, {0, 0, 03}}

S}, {12., 6.}, {0., 12.}}, {0, 0, 0}}

12.}, {0., 12.}, {12., 6.}}, {0.820703, 0.820703, 0.820703}}

0.}, {24., 0.}, {24., 6.}}, {-0.833049, -0.833049, —0.833049}}

6.}, {12., 6.}, {12., 0.}}, {-0.820703, -0.820703, —0.820703}}

6.}, {24., 6.}, {12., 12.}}, {0.820703, 0.820703, 0.820703}}

12.}, {12., 12.}, {24., 6.}}, {0.833049, 0.833049, 0.833049}}

0.}, {36., 0.}, {36., 6.3}, {-0.827204, -0.827204, —0.827204}}
6.}, {24., 6.}, {24., 0.}}, {-0.833049, -0.833049, —0.833049}}
6.}, {36., 6.}, {24., 12.}}, {0.833049, 0.833049, 0.833049}}
12.}, {24., 12.}, {36., 6.}}, {0.827204, 0.827204, 0.827204}}
0.}, {48., 0.}, {48., 6.}}, {-0.429107, -0.425107, —0.429107}}
6.}, {36., 6.}, {36., 0.}}, {-0.827204, -0.827204, —0.827204}}
6.}, {48., 6.}, {36., 12.}}, {0.827204, 0.827204, 0.827204}}

12.}, {36., 12.}, {48., 6.}}, {0.429107, 0.429107, 0.425107}}

Element stress sig—yy




