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Stages of a DSM-Based FEM Program

Preprocessing: problem definition
Processing: problem solution

Postprocessing: showing results
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Problem Definition Data Structures

Geometry Data Set:
NodeCoordinates

Element Data Set;
ElemTypes, ElemNodeLists,
ElemMaterial, ElemFabrication

Degree of Freedom Data Set:
FreedomTags, FreedomValues

Miscellaneous Processing Data Set:
ProcessOptions
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Example Structureto lllustrate Data Preparation

(one-element model)
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Example Structureto I llustrate Data Preparation
(Plate with Central Circular Hole)
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Example Structureto lllustrate Data Preparation
(Plate with Central Circular Hole)

Node 8 is exactly midway between 1 and 15
37.5 kips 75 kips 37.5 kips 25 kips 100 Kips 25 kips

%15 8T 0115 %18 8T ctls

22

A8 A58 A A : A & 4
Model (I): 35 nodes, 70 DOFs, Model (I1): 35 nodes, 70 DOFs,
24 bilinear quads 6 biquadratic quads
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Mesh Plot Showing Element and Node Numbers
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Solution Processing Driver Module

Menbr aneSol ut i on[ nodcoor _, el etyp_, el enod_, el emat _,

el efab_, el eopt _, doftag_, dofval _]:= Mdul e[{K, Knod, u, f,sig,j,n,ns,
supdof , supval , nutmod=Lengt h[ nodcoor ], nunel e=Lengt h[ el enod] },
u=f =si g={};
K=Menbr aneMast er Sti f f ness[ nodcoor,
el etyp, el enod, el emat, el ef ab, el eopt]; K=NK];
ns=0; Do [Do [If[doftag[][n, j]]>0 ns++],{j,1,2}],{n, 1, numod}];
supdof =supval =Tabl e[ 0, {ns}];
k=0; Do [Do [If[doftag[[n,]j]]>0, k++; supdof [[k]]=2*(n-1)+j;
supval [[K]]=dofval [[n,j]]1],{j.,2,2}],{n, 1, numod}];
f =Mbdi f i edNodeFor ces[ supdof, supval , K, Fl att en[ dof val ] ] ;
Knmod=Modi fi edMast er Sti f f ness[ supdof , K] ;
u=Si npli fy[lnverse[ Knod].f]; u=Chop[u];
f=Sinplify[K u]; f=Chop[f];
si g=Menbr aneNodal St r esses[ nodcoor,
el etyp, el enod, el enat, el ef ab, el eopt, u];
si g=Chop[ si 9] ;
Return[{u, f,sig}];
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Master Stiffness Assembler

Menbr aneMast er Sti f f ness[ nodcoor _, el etyp_, el enod_,
elemat _,elefab_,eleopt_]:=
Modul e[ { nunel e=Lengt h[ el enod] , nummod=Lengt h[ nodcoor ], nuner,
ne, eNL, ef t ab, nel dof, i, n, Em v, Emat, t h, ncoor, Ke, K},
K=Tabl e[ 0, { 2*numod}, { 2*nummod}]; nuner=el eopt[[1]];
For [ne=1, ne<=nunel e, ne++,
{type}=eletyp[[ne]];
If [type! ="Trig3"&&type! ="Tri g6" &&t ype! ="Tri g10" &&
type! =" Quad4" &&t ype! =" Quad9",
Print["Illegal element type,ne=",ne]; Return[Null]];
eNL=el enod[ [ ne]]; n=Length[eNL];
eftab=Flatten[ Tabl e[ {2*eNL[[i]]-1,2*eNL[[i]]},{i.n}]];
ncoor =Tabl e[ nodcoor [ [eNL[[i]]]].{i,n}];
{Em v} =el emat[[ ne]];
Emat =Enf (1- v*2) *{{1, v, 0}, {v, 1,0}, {0,0, (1-v)/2}};
{th}=el efab[[ne]];
If [type=="Trig3", Ke=Trig3lsoPMenbraneStiffness[ncoor,
{Emat, 0, O}, {th}, {nunmer}] 1;
I f [type=="Quad4", Ke=Quad4l soPMenbraneSti ffness[ncoor,
{Emat, 0, 0}, {th}, {nuner, 2}] 1;
If [type=="Trig6", Ke=Trig6lsoPMenbraneStiffness[ncoor,
{Emat, 0, 0}, {th}, {nuner, 3}] 1;
If [type=="Quad9", Ke=Quad9l soPMenbranesSti ffness[ncoor,
{Emat, 0, O}, {th}, {nuner, 3}] 1;
If [type=="Trigl0", Ke=Tri g10l soPMenbraneSti f f ness[ ncoor,
{Emat, 0, 0}, {th}, {nuner, 3}] 1;
nel dof =Lengt h[ Ke] ;
For [i=1,i<=neldof,i++ii=eftab[[i
For [j=i,]j<=neldof,j++ jj=eftab]
KELGG,ii11=K[[ii,jj]]+=Ke[[i

11,
[i]]
1]
15

I
Ret urn[ K] ;
1
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Nodal Stress Recovery

Menbr aneNodal St resses[ nodcoor _, el etyp_, el enod_,
elemat _, elefab_, eleopt_,u_]:= Mdul e[ {nunel e=Lengt h[ el enod],
numod=Lengt h[ nodcoor], nuner, type, ne, eNL, eftab,i,ii,j,k,n,
Em v, Emat , t h, ncoor, ue, ncount, esi g, si ge, si g},
ncount =Tabl e[ 0, { numod}]; {nuner}=el eopt;
sige= Table[O, {nunel e}]; sig=Table[{O0,0, 0}, {numod}];
For [ne=1, ne<=nunel e, ne++,
{type}=el etyp[[ne]];

eNL=el enod[[ne]]; n=Length[eNL]; ue=Tabl e[ 0, {2*n}];
eftab=Flatten[ Tabl e[ {2*eNL[[i]]-1,2*eNL[[i]]},{i.,1,n}]];
ncoor =Tabl e[ nodcoor [[eNL[[i]]]1]1,{i,n}];

Do [ii=eftab[[i]];ue[[i]l]l=u[[ii]l],{i,1,2*n}];

{Em v} =el emat [[ ne] ] ;

Emat =Emf (1- v*2) *{{1, v, 0}, {v, 1,0}, {0,0, (1-v)/2}};

th=el efab[[ne]];

If [type=="Trig3", esig=Trig3lsoPMenbraneStresses[ncoor,
{Emat, 0, 0}, {t h}, {nuner},ue] ];

I f [type=="Quad4", esig=Quad4l soPMenbraneStresses[ncoor,
{Emat, 0, 0}, {t h}, { nuner, 2}, ue] 1;

If [type=="Trig6", esig=Trig6l soPMenbraneStresses[ncoor,
{Emat, 0, 0}, {th}, {nuner, 3}, ue] ];

If [type=="Quad9", esig=Quad9l soPMenbraneStresses[ncoor,
{Emat, 0, 0}, {t h}, { nuner, 3}, ue] 1;

I f [type=="Trigl0", esi g=Tri g10l soPMenbr aneStresses|[ ncoor,
{Emat, 0, 0}, {t h}, {nuner, 3}, ue] 1;

esi g=Chop[ esi g]; sige[[ne]]=esig;

For [i=1,i<=n,i++ k=eNL[[i]]; ncount[[k]]++;

] Do[ sigl[[k,jl]+=esig[[i,j]l].{i,3}] I;

For [ ;1:1, n<=numod, n++, k=ncount[[n]];If [k>1,sig[[n]]/=K]
l;
Ret urn[sig];
IE
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Stress Contour Plots
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A Complete Driver Cdl, Part 1:
Model Definition Script

ClearAll[Em v, th];
Em=10000; v=.25; th=3; aspect=6/5; Nsub=4;

(* Define FEM nodel *)

El eniTypes=Tabl e[ {"Quad4"}, { nunel e}];

NodeCoor di nat es=N[ {{O0, 6}, {0, 0}, {5,6},{5,0}}1;

El emNodeLi sts= {{1, 2,4, 3}};

nunmmod=Lengt h[ NodeCoor di nat es]; nunel e=Lengt h[ El emNodeL.i st s];
El emvaterial = Tabl e[{Em v}, {nunel e}];

El enfabri cati on=Tabl e[ {t h}, { nunel e}];

Fr eedonval ues=Fr eedonirags=Tabl e[ { 0, 0}, { numod}] ;

Fr eedonmval ues[ [ 1] ] =Fr eedonVal ues[[3] ] ={ 0, 75}; (* nodal | oads *)

Freedomrags[[1]]={1, 0}; (* vroller @node 1 *)
Freedomrags[[2]]={1, 1}; (* fixed node 2 *)
Freedomrags[[4]]={0, 1}; (* hroller @node 4 *)

El emOpt i ons={ Tr ue};

Pl ot 2DEl enent sAndNodes|[ NodeCoor di nat es, El emNodeli st s, aspect,
"One el enent nesh - 4-node quad", True, True];

Introduction to FEM
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A Complete Driver Cdl, Part 2
Processing Script

75 kips 75 kips

(* Solve problemand print results *) 2 1B c
{u, f, sig}=MenbraneSol ution| 1 s

NodeCoor di nat es, El eniTypes, El emNodelLi st s,

El emMat eri al , El enfabri cati on, i 1

El enOpt i ons, Freedonirags, Fr eedonVal ues] ; ¢
Print[" Conputed displacenments=", u];
Print["Recovered forces=",f]; Jl2 4 D
Print["Avg nodal stresses=",sig]; ,\m

N
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A Complete Driver Cdl, Part 3:
PostProcessing Script

(* Plot Displacenent Conponents Distribution *)

ux=uy=Tabl e[ O, { numod}];

Do[ux[[n]]=u[[2*n-1]]; wuy[[n]]=u[[2*n]],{n, 1, numod}];

uxmax=uymax=0;

Do[ uxmax=Max[ Abs[ ux[[n]]], uxmax]; uymax=Max[ Abs[uy[[n]]], uymax],

{n, 1, numod}];

Cont our Pl ot NodeFuncOver 2DMesh[ NodeCoor di nat es, El emNodelLi st s, ux,
uxmax, Nsub, aspect, " Di spl acenent conponent ux"];

Cont our Pl ot NodeFuncOver 2DMesh[ NodeCoor di nat es, El emNodelLi st s, uy,
uynmax, Nsub, aspect, " Di spl acenent conponent uy"];

(* Plot Averaged Nodal Stresses Distribution *)

sxx=syy=sxy=Tabl e[ O, { nutmod}] ;
Do[ {sxx[[n]],syy[[n]],sxy[[n]]}=sig[[n]],{n, 1, numod}];
sxxmax=syymax=sxynmax=0;
Do[ sxxmax=Max[ Abs[ sxx[[n]]], sxxmax] ;
syymax=NMax[ Abs[syy[[n]]], syymax];
sxymax=Max[ Abs[ sxy[[n] 1], sxymax], {n, 1, numod}];
Cont our Pl ot NodeFuncOver 2DMesh[ NodeCoor di nat es, El enNodeLi st s,
sxX, sxxmax, Nsub, aspect, "Nodal stress sig-xx"];
Cont our Pl ot NodeFuncOver 2DMesh[ NodeCoor di nat es, El enNodeLi st s,
syy, syymax, Nsub, aspect, "Nodal stress sig-yy"];
Cont our Pl ot NodeFuncOver 2DMesh[ NodeCoor di nat es, El enNodeLi st s,
sxy, sxymax, Nsub, aspect, "Nodal stress sig-xy"];

Y
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