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Configuration of PFabule Program  Nonliner Fem
Plane Frame Analysis of Buckling Using Linearized Eigenproblem

Print Utilities: i High Level Plot Utilities:
PFabulePrintNodeCoord, Prgbljenp Sc\r,\'lf’ittt(mt PFabulePlotFEM Model,
PFabulePrintElemTypeAndNodes, amoaulcs en PFabulePlotDeflectedShape
PFabulePrintElenM atAndFab, by program user) I
PFabulePrintElemGeoPlot 7 -
PFabulePrintlnitStress Y A “~~ Low Level Plot Utilities:
PFabulePrintDOFActivity, ,' “ PlotCubicShape,
PFabulePrintDispVector, / \‘ glu?ngSheslgeBounds,
PFabulePrintForceVector, : Fap— otRectSpring,
PFabulePlotEigenvalues, H EEBbAlr;]yzls Driver: 1 | PlotTorsSpring,
PFabulePlotEigenvector 1 abuleAnalysis g | PlotBCSymbol,
1 1 | ColorMap,
1 1 | GetDisplayFunction
1 1
Step 1: Linear Static Solution Steps 2-3: LPB Eigenproblem
& Stress Recovery: Setup & Solution:
PFabulelniStress PFabuleEigensolution
] ]
| |
Matrix Assembler: BC Applicator:
PFabuleM aster Stiff ModifiedStiffMatrix,
M odifiedFor ceVector,
ReducedStiffM atrix,
CompleteDispVector
Finite Element Library:
PFabuleBeamColumnStiff,
PFabuleBar Stiff,
PFabuleNodeSpringStiff

Mathematica Kernel
Built-In Functions
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Element StiffnessLibrary

PFabul eBar Sti f f [ enodXY_, Em , AO_, sO_, opti ons_]: =Mbdul e[ { X1, Y1, X2, Y2,
X21, Y21, LL, L, B, BB, mrLengt h[ opt i ons], nurer =Fal se, srul e={}, KeM KeG ,
I'f [me=1, nuner=options[[1]]]; If [nP=2,srule=options[[2]]];
{{X1, Y1}, { X2, Y2} } =enodXY; {X21, Y21} ={X2- X1, Y2- Y1};
LL=X2172+Y2172; L=Sqrt[LL];
I'f [!numer, {L, LL}=Sinplify[{L,LL},srule]];
B={- X21, - Y21, X21, Y21} ; KeM=( Ent A0/ L) *Qut er [ Ti mes, B, B] / LL;
KeG=(s0*A0/L)*{{1,0,-1,0},{0,1,0,-1},{-1,0,1,0},{0,-1,0,1}};
If [numer, {KeM KeG =N { KeM KeG ],
{KeM KeG =Si npl i fy[{KeM KeG}, srul e]];
Ret urn[ { KeM KeG 11 ;

PFabul eBeanCol Sti ff[enodXY_, Em, {A0_,1zz0_},s0_,options_]:=
Modul e[ { X1, X2, Y1, Y2, X21, Y21, XX, YY, XY, EA El , P=s0*A0, L, LL, LLL,
LLLL, LLLLL, EALL, EI LL, EI ALL, EAXI Y, EI XAY,
mrLengt h[ opti ons], nuner =Fal se, srul e={}, KeM KeG,

I'f [mp=1, numer=options[[1]]]; If [n»=2,srul e=options[[2]]];
{{X1, Y1}, { X2, Y2} } =enodXY; {X21, Y21} ={ X2- X1, Y2-Y1};

EA=Ent AO; EI =Ent1zz0; LL=X21"2+Y21"2; L=Sqrt[LL];

I'f [!numer, {L, LL}=Si nplify[{L, LL}, srule]];

XX=X21"2; XY=X21*Y21; YY=Y21"2; LLL=LL*L; LLLL=LL*LL;

EALL=EA*LL; EILL=ElI*LL; EIALL=12*El-EALL; LLLLL=LLL*LL;

EAXI Y=EALL* XX+12* El *YY; El XAY=12* El * XX+EALL* YY;

KeM={{ EAXI Y, - El ALL* XY, - 6* El LL*Y21, - EAXI Y, El ALL* XY, - 6*El LL*Y21},

{- El ALL* XY, EI XAY, 6*El LL*X21, El ALL* XY, - El XAY, 6* El LL* X21},

{-6*ElLL*Y21, 6*ElI LL*X21, 4*El LL*LL, 6*El LL*Y21, - 6*El LL*X21, 2*El LL*LL},

{- EAXI Y, El ALL* XY, 6*El LL* Y21, EAXI Y, - El ALL* XY, 6*El LL* Y21},

{ El ALL* XY, - El XAY, - 6*El LL* X21, - El ALL* XY, El XAY, - 6*El LL* X21},

{-6*El LL*Y21, 6*El LL*X21, 2*El LL*LL, 6*ElI LL*Y21, - 6*El LL* X21,
4*El LL*LL}}/ LLLLL;

KeG={{36*YY, - 36* XY, - 3*LL*Y21, - 36*YY, 36* XY, - 3*LL* Y21},

{-36* XY, 36* XX, 3*LL* X21, 36* XY, - 36* XX, 3*LL*X21},

{-3*LL*Y21, 3*LL*X21, 4*LLLL, 3*LL*Y21, - 3*LL*X21, - LLLL},

{-36*YY, 36* XY, 3*LL*Y21, 36*YY, - 36* XY, 3*LL*Y21},

{36* XY, - 36* XX, - 3*LL* X21, - 36* XY, 36* XX, - 3*LL* X21},

{-3*LL*Y21, 3*LL*X21, - LLLL, 3*LL*Y21, - 3*LL*X21, 4*LLLL}}*P/ (30*LLL);

Ret urn[ { KeM KeG11];

PFabul eNodeSpringStiff[type_, k_]: =Mdul e[ { KeM KeG=Tabl e[ 0, {3}, {3}]},
If [type=="SpringX", KeM:Di agonal Matrix[{k,0,0}]];
If [type=="SpringY", KeM:Di agonal Matrix[{0, k, 0}]];
If [type=="SpringT", KeM:Di agonal Matrix[{0,0,k}]];
Ret urn[ { KeM KeG11];

Nonlinear FEM
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M aster Stiffness Assembler Nonlinear FEM
(either KM or KG, asper argument)

PFabul eMast er Sti f f[ nodXYZ , el etyp , el enod_, el emat ,elefab ,elestr_,
opti ons_, KMor KG ] : =Mbdul e[ { nunel e=Lengt h[ el et yp] , nutmmod=Lengt h[ nodXYZ] ,
nel dof , ef t ab, enodXY, ni , nj,i,j,ii,jj,type,type3, Emfab, sO, nuner,
nodnanme="PFabul eMasterStiff:", KeM KeG Ke, K},
I f [KMor KG ="M &&KMr K@ ="G', Print [nodnanme," KMorKG not Mor G'];
Return[Nul | ]]; K=Tabl e[ 0, {3* numod}, {3* numod}];
For [e=1, e<=nunele, e++, type=eletyp[[e]]; type3=StringTake[type, 3];
If [!MenberJ {"Beam', "Bar", " SpringX","SpringY", "SpringT"},type],
Print [nmodnane, " |llegal el enent type: ",type]l; Return[Null]];
If [type3=="Spr", {ni}=elenod[[e]];
eftab={3*ni-2,3*ni-1,3*ni}; fab=elefab[[e]];
{ KeM KeG =PFabul eNodeSpringStiff[type,fab[[1]]]];
If [type=="Bar",
{ni,nj}=elenod[[e]]; enodXY={nodXYZ[[ni]],nodXYZ[[nj]]};
Emrel emat[[e]]; fab=el efab[[e]]; sO=elestr[[e]];
eftab={3*ni-2,3*ni -1, 3*nj -2, 3*nj - 1};
{KeM KeG =PFabul eBar Sti f f [ enodXY, Em f ab, s0O, opti ons] ] ;
I f [type=="Beant,
{ni,nj}=elenod[[e]]; enodXY={nodXYZ[[ni]],nodXYZ[[nj]]};
Enrel enat[[e]]; fab=elefab[[e]]; sO=elestr[[e]];
eftab={3*ni-2,3*ni-1,3*ni,3*nj-2,3*nj-1,3*nj };
{ KeM KeG =PFabul eBeantCol Sti f f [ enodXY, Em f ab, s0, opti ons]];
I f [ KMor KG=="M', Ke=KeM Ke=Ke3; nel dof =Length[Ke];

For [i=1, i<=neldof, i++, ii=eftab[[i]];
For [j=i, j<=neldof, j++, jj=eftab[[j]];
KELjJ, i 1=KI[ii,jjl]+=Ke[[i,j]1]111];
1; If ['nuner, K=Sinmplify[K]];
Return[ K] ];
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Boundary Condition Application
(different in stressanalysis and buckling analysis)

Nonlinear FEM

Modi fiedStiffMatrix[nodtag , K ]:=Mdul e[ { nundof, t ags,

fixdof,i,j,k,d, Knrod=K}, tags=Fl atten[nodtag];
nundof =Lengt h[ t ags] ; fi xdof =Fl atten[ Position[tags, ?(#>0 &]];
For [k=1, k<=Lengt h[fi xdof], k++, i=fixdof[[k]];

For [j=1,j <=nundof ,j ++, Kmod[[i,]]=Kmod[[j,i]]=0];

Kmod[ [i,i]]=1;

; CearAll[tags, vals,fixdof];

Ret ur n[ Knod] ] ;

Modi f i edFor ceVect or [ nodt ag_, nodval _, K ,f _]:=Mdul e[ { nundof, t ags, val s,
fixdof,i,j,k,d, frod=f}, tags=Fl atten[nodtag]; val s=Fl atten[nodval];
nundof =Lengt h[ t ags] ; fi xdof =Fl atten[ Position[tags, ?(#>0 &]];

For [k=1, k<=Lengt h[fi xdof], k++, i=fixdof[[k]]; d=vals[[i]];
frod[[i]]=d; |If [d==0, Continue[]];
For [j =1, <=nundof, | ++,
I'f [tags[[j]]==0, fmod[[j]]-=K[[i,j]]*d]];
]; dearAl[tags,vals,fixdof];
Ret urn[ f nod] | ;

ReducedSti ffMatri x[ nodtag_, K_]: =Mbdul e[ { nundof , tags,i,ii,j,jj,
nred, retdof, Kred}, tags=Fl atten[nodtag]; nundof=Length[tags];
retdof =Fl atten[ Posi ti on[tags, _?(#==0 &) ]]; nred=Length[retdof];
If [nred<=0, Return[Null]]; Kred=Table[O,{nred},{nred}];

For [i=1,i<=nred,i++, ii=retdof[[i]];
For [j=1,j<=nred,j++, jj=retdof[[j]];
Kred[[i,j]]=K[[ii,jjI] 1];
ClearAll[tags, retdof]; Return[Kred]];

Conpl et eDi spVect or [ nodt ag_, ured_] : =Mbdul e[ { nundof , tags,i,ii,
nred, retdof, u}, tags=Fl atten[nodtag]; nundof=Length[tags];
retdof =Fl atten[ Posi ti on[tags, _?(#==0 &) ]]; nred=Length[retdof];
u=Tabl e[ O, {nundof }]; If [nred<=0, Return[u]];
For [i=1,i<=nred,i++, ii=retdof[[i]]; u[[ii]]l=ured[[i]] T;
ClearAll[tags, retdof]; Return[u]];
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Initial Stress Analysis Nonlinear F
(Only the Material Stiffnessis Needed)

EM

LPBPI aneFranel ni ti al Stress[ nodXYZ_, el etyp_, el enod_, el emat _, el ef ab_,
nodt ag0_, nodf or _, opti ons_]: =Modul e[ { nunel e=Lengt h[ el etyp], u, e, ni, nj,
type, Em X1, Y1, X2, Y2, X21, Y21, uX1, uYl, uX2, uY2, ebar, el estr, mFLengt h[ opt i ons
numer =Fal se, srul e={}, KM Knod, nodnanme="TLPIl aneFranel nitial Stress: "},
el estr=Tabl e[ 0, { nunel e}];

I f [nP=1, numer=options[[1]]]; If [nmP=2,srul e=options[[2]]];
KM=LPBPI aneFr aneMast er Sti f f [ nodXYZ, el et yp, el enod, el emat
el efab, el estr,options,"M]; If [KMe=Null, Return[Null]];
Knod=Modi fi edStiff Matri x[ nodt ag0, KM ;
(*Print["KM=", KM/ MatrixForm " Knod=", Knod// Mat ri xFor m
" f=",Flatten[nodfor]//MtrixForm" u=",u//MatrixForni;*)
u=Li near Sol ve[ Knod, Fl att en[ nodfor]]; el estr=Tabl e[ 0, {nunel e}];
For [e=1, e<=nunele, e++, type=eletyp[[e]];
If [type!="Spring"&& ype! ="Bar" &&t ype! =" Beant, Print [nodnane,
Illegal elenment type: ",type]; Return[Null]];
If [type=="Spring", Continue[]];
If [type=="Bar"||type=="Beant,
{ni,nj}=elenod[[e]]; Em elemat[[e]];
{X1, Y1} =nodXYZ[[ni]]; {X2, Y2}=nodXYZ[[nj]];
X21=X2- X1; Y21=Y2-Y1l; LL=Sinplify[X2172+Y21"2];
{uX1, uYl, uxX2, uY2} ={u[[3*ni-2]],u[[3*ni-1]],
uf[3*nj-2]],u[[3*nj-1]]};
ebar =X21* (uX2- uxX1) +Y21* (uY2-uY1)/LL;
el estr[[e] ] =Entebar];
]; If [!numer,elestr=Sinplify[elestr,srule]];
Return[elestr]];

I
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Eigenvalue Analysis Nonlinear FEM

PFabul eEi genMatri ces[ nodXYZ_, el etyp_, el enod_, el emat _, el efab_,
el estr _, nodtag_, Tdof _, opti ons_]: =Modul e[ { KM KG nuner =Fal se,
nm=Lengt h[ opti ons], srul e={}, Tdof T, KM ed, KG ed},

I f [nP=1, nuner=options[[1]]]; If [nP=2, srul e=options[[2]]];
KM=PFabul eMast er Sti f f [ nodXYZ, el et yp, el enod, el enat
el ef ab, el estr, options,"M];
KG=PFabul eMast er Sti f f [ nodXYZ, el et yp, el enod, el enat
el efab, el estr, options,"G'];
If [KM==Nul | | | KG==Nul |, Return[{Null,Null}]];
KM ed=ReducedSti ff Mat ri x[ nodt ag, KM ;
KG ed=ReducedSti ff Mat ri x[ nodt ag, KG ;
I f [Lengt h[ Tdof] >0, Tdof T=Tr anspose[ Tdof ] ;
KM ed=Si npl i fy[ Tdof T. KM ed. Tdof] ;
KG ed=Si npl i fy[ Tdof T. KG ed. Tdof]] ;
If ['numer, {KMed, KGed}=Sinmplify[{KMed, KGed}, srule]];
ClearAll[KM KG ; Return[{KMed, KGed}]];

PFabul eEi genSol uti on[ KMed_, KG ed_, nodt ag_, nodval _, Tdof _, i nvKM , evonly_,
opti ons_]: =Modul e[ { meLengt h[ opt i ons], nuner =Fal se, srul e={}, i nvKG=! i nvKM
nv=Lengt h[ KM ed], Q ev, evec={}, A, Av={}, vred, V={}},

I f [nP=1, nuner=options[[1]]]; If [nmP=2,srule= options[[2]]];
If [invKM @Q=-Linear Sol ve[ KM ed, KG ed] ] ;
If [invKG @Q=-LinearSolve[ KG ed, KMed]];

f [numer, &=NQ1]; If [!'nuner, QSinplify[Q srule]];

f [evonly, ev=Ei genval ues[Q, {ev, evec}=Ei gensysten]i Q];

f [!nuner, {ev, evec}=Si nplify[{ev, evec}, srule]];

f [numer, {ev, evec}=Chop[{ev, evec}]];

or [i=1,i<=nv,i++, A=ev[[i]];

If [(i nvKM&&A==0) || (i nvKG&&A==Infinity), Continue[]];
If [invkKM AppendTo[Av, 1/A], AppendTo[Av,A]]];

If [evonly, ClearAll[Q ev,evec]; Return[{Av,{}}]];

For [i=1,i<=nv,i++, A=ev[[i]];

If [(i nvKM&&A==0) | | (i nvK&&&A==I nfinity), Continue[]];
vred=V[[i]]; If [Length[Tdof]>0, vred=Tdof.vred];
AppendTo[ V, Conpl et eDi spVect or [ nodt ag, nodval , vred] ]1];

ClearAll[Q ev, evec]; Return[{Av,V}]];

I
I
I
I
F
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Analysis Driver

Nonlinear FEM

LPBP| aneFr aneAnal ysi s[ nodXYZ _, el etyp , el enod_, el emat , el efab_,
nodt ag0_, nodt ag_, nodfor _, opti ons_]: =Modul e[ {el estr, Av, V},

el est r=LPBPI aneFr anel ni ti al Stress[ nodXYZ, el etyp, el enod, el emat, el ef ab,

nodt ag0, nodf or, options]; Print["elestr=",elestr];
If [elestr==Null,Return[{Null,Null}]];
{Av, V} =LPBPI aneFr aneEi genSol uti on[ nodXYZ, el et yp, el enod, el emat
el ef ab, el estr, nodt ag, opti ons] ;
Return[ {Av, V}11;
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Print Utilities (1)

PFabul ePri nt NodeCoor d[ nodXYZ_,title_,digits_,form]:= Mdul e[
{ RV, ReV, numod=Lengt h[ nodXYZ] , n, Xn, Yn, d=6, f =6, | abel ,

pf =I nput Form tab}, tab=Table[" ", {numod}];
I'f [Length[digits]==2,{d,f}=digits];
RV[ expr _] : =Vect or f expr, Nuneri cq #] &&( Head[ #] ===Real ) &] ;
ReV=RV[ Fl at t en[ nodXYZ] ] ;
I1f [Rev,

For [n=1, n<=nummod, n++, {Xn, Yn}=nodXYZ[[n]];

tab[[n]]={ToString[n], PaddedForni Xn, {d, f}],
PaddedForn{ Yn, {d, f}1}11];
If ['ReV, If [Menber {InputForm Standar dFor m Text For m
Traditional Forn}, fornj, pf=forni;
For [n=1, n<=numod, n++, {Xn, Yn}=nodXYZ[[n]];
tab[[n]]={ToString[n],pf[Xn],pf[Yn]}]];
If [StringLength[title]>0, Print[title]];
| abel ={"node", " X-coor", "Y-coor"};
Print[ Tabl eFornitab, Tabl eAlignnents->{Right},
Tabl eDi r ect i ons- >{ Col unm, Row} , Tabl eSpaci ng->{0, 2},
Tabl eHeadi ngs ->{None, | abel }]];

ClearAll[tab]];

PFabul ePri nt El enTypeAndNodes[ el etyp_, el enod_,title_,digits_,form]:=

Modul e[ { ReV, RV, e, nunel e=Lengt h[ el etyp], type, enl, | abel , d=4, f =4,
pf =l nput Form t ab}, tab=Table[" ", {nunmele}];
I'f [Length[digits]==2,{d,f}=digits];
For [e=1, e<=nunel e, e++, enl=elenod[[e]]; type=eletyp[[e]];
tab[[e]]={ToString[e],type, ToString[enl]}];

If [StringLength[title]>0, Print[title]];

| abel ={"el ent', "type", "nodel ist"};

Print[ Tabl eFornitab, TableAlignnments->{Right},
Tabl eDi recti ons->{ Col utm, Row} , Tabl eSpaci ng- >{ 0, 2},
Tabl eHeadi ngs ->{None, | abel }]1];

ClearAl[tab]];

PFabul ePri nt El emvat AndFab[ el emat _, el efab_,title_,digits_,form]:=

Modul e[ { ReV, RV, e, nunel e=Lengt h[ el emat ], mat, f ab,
| abel , d=4, f =2, pf =I nput For m t ab},
tab=Tabl e[" ",{nunmele}]; If [Length[digits]==2,{d, f}=digits];
RV[ expr_] : =Vect or J expr, Nuner i c #] &&( Head[ #] ===Real ) &] ;
ReV=RV[ Fl atten[ {el emat, el efab}]];
I1f [ReV,

For [e=1, e<=nunel e, e++, mat=elemat[[e]]; fab=elefab[[e]];

tab[[e]]={ToString[e], ToString[PaddedFornimat]],
ToStri ng[ PaddedFornf fab]]}11];
If [IReV, If [MenmberQ {!nputForm Standar dFor m Text For m
Traditional Forn}, fornj, pf=forni;

For [e=1, e<=nunele,e++, mat=elemat[[e]]; fab=elefab[[e]];

tab[[e]]={ToString[e],pf[mat],pf[fab]}]]
If [StringLength[title]>0, Print[title]];
| abel ={"el ent',"material ", "fabrication"};
Print[ Tabl eFornitab, Tabl eAlignnents->{Right},
Tabl eDi recti ons->{ Col utm, Row} , Tabl eSpaci ng- >{ 0, 2},
Tabl eHeadi ngs ->{None, | abel }]1;
ClearAll[tab]];

Nonlinear FEM
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Print Utilities (2)

PFabul ePrintEl emini Stress[eletyp_,elestr_,title_ digits_,form]:=
Mbdul e[ { ReV, RV, e, nunel e=Lengt h[ el etyp] , type, si g, | abel ,
d=4, f =4, pf =I nput Form tab}, tab=Table[" ", {nunele}];
If [Length[digits]==2,{d,f}=digits];
RV[ expr _] : =Vect or J expr, Nuner i cq #] &&( Head[ #] ===Real ) &] ;
ReV=RV[ el estr];
If [ReV,
For [e=1, e<=nunel e, e++, type=eletyp[[e]]; sig=elestr[[e]];
tab[[e]]={ToString[e],type,
ToStri ng[ PaddedFornisig, {d, f}11}11];
I'f ['ReV, If [Menber( {InputForm Standar dFor m Text For m
Traditional Forn}, fornj, pf=forni;
For [e=1, e<=nunel e, e++, type=eletyp[[e]]; sig=elestr[[e]];
tab[[e]]={ToString[e],type, Pf[Sl 9]}]]

I f [SlrlngLength[ntle] >0, Print[title]]
| abel ={"el enf', "type", "axial stress"};
Print[ Tabl eFor n{tab, Tabl eAlignnments->{Right},

Tabl eDi r ecti ons->{ Col um, Row}, Tabl eSpaci ng- >{ 0, 2},

Tabl eHeadi ngs - >{ None, | abel }]];
ClearAll[tab]];

PFabul ePrint DOFActi vi ty[ nodtag_, nodval _,title_,digits_,form]:= Modul e
{numod=Lengt h[ nodtag] , n, t1,t2,t3,v1,v2, v3, d=6, f=4,
pf =1 nput For m t ab},
tab=Tabl e[" ", {numod}]; If [Length[digits]
RV[ expr _] : =Vect or J expr, Nuner i cq #] &&( Head[ #]
ReV=RV[ Fl at t en[ { nodt ag, nodval }1];
I'f [ReV,

2,{d, f}=digits];
Real ) &] ;

For [n=1, n<=nummod, n++,
{t1,t2,t3}=nodtag[[n]]; {vi,v2,v3}=nodval[[n]];
!ab[[n]] ={ToString[n],
PaddedForn{t 1, d] , PaddedForn{t 2, d] ,
PaddedFor n{ t 3, d] , PaddedFor n{ v1, {d, f}],
PaddedForn{v2, {d, f}], PaddedFornfv3, {d, f}] }11;
I'f ['ReV, If [Menber {InputForm StandardForm Text For m
Traditional Forn}, fornj, pf=forni; Print["pf=",pf];
For [n=1, n<=numod, n++,
{t1,t2,t3}=nodtag[[n]];: {vi,v2,v3}=nodval [[n]];
tab[[n]]={ToString[n],pf[t1],pf[t2],pf[t3],
pflvi], pflv2], pf{v3] }11:
If [StringLength[title]>0, Print[title]]
Print[ Tabl eFor n{ t ab, Tabl eAl i gnment s- >{ Ri ght)

Tabl eDi rect i ons->{ Col unm, Row} , Tabl eSpaci ng- >{ 1,
Tabl eHeadi ngs- >{ None, {"node", "X-tag", " 6-tag”,
"X-value", "Y-value", "6-value"}} 1];

ClearAll[tab]];

PFabul ePrint Di spVect or[ noddis_, title
{ReV, RV, numod, uv, n, uXn, u¥Yn, én, d=6, '
pf =l nput Form t ab}, uv=Partition[noddis, 3]; numod=Length[uv];
tab=Table[" ", {numod}]; If [Length[digits]==2,{d,f}=digits];
RV expr_] : =Vect or f expr, Nuneri c #] &&( Head[ #] ===Real ) &] ;
ReV=RV[ noddi s] ;
If [ReV,

For [n=1, n<=numod, n++, {uXn, uYn, @n}=uv[[n]];
tab[[n]]={ToString[n], PaddedFor nf uXn, {d, f}],
PaddedFornf uYn, {d, f}], PaddedForni 6n, {d,f}]}11]:

I'f ['ReV, If [Menber {InputForm StandardForm Text For m
Traditional Forn}, forni, pf-fornj
For [n=1, n<=nummod, n++, {uXn, u¥Yn, 6n}=uv[[n]
tab[[n]]={ToString[n], pf[uXn], pf[uYn] pf[en]}]]
I f [SlrlngLength[ntle] >0, Prlnt[tltle]
I abel ={"node", " X-di s","Y-dis","8-rot"};
Print[Tabl eForn{tab, Tabl eAlignnents->{Right},
Tabl eDi r ecti ons->{ Col unm, Row} , Tabl eSpaci ng- >{ 0, 2},
Tabl eHeadi ngs - >{ None, | abel }]];
CearAll[u,tab]];

digits_, form]:= Mdul e[
I abel ,

Nonlinear FEM
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Print Utilities (3)

PFabul ePri nt ForceVector[nodfor_,title_,digits_,form]:= Mdul ef
{ReV, RV, numod, f v, n, f Xn, f Yn, nBbn, d=6, f =6, | abel ,
pf =l nput Form tab}, fv=Partition[nodfor,3]; numod=Length[fv];
tab=Tabl e[" ",{numod}]; If [Length[digits]==2,{d,f}=digits];
RV[ expr _] : =Vect or  expr, Nuner i cq #] &&( Head[ #] ===Real ) &] ;
ReV=RV[ nodfor];
If [ReVv,

For [n=1, n<=numod, n++, {fXn,fYn, nBn}=u[[n]];
tab[[n]]={ToString[n], PaddedForn{ f Xn, {d, f}],
PaddedFor n{ f Yn, {d, f}], PaddedFor n{ nBn, {d, f}1}1];

If [TReV, If [Menberd {InputForm St andardFor m Text For m
Traditional Forn},fornj, pf=forni;
For [n=1, n<=numod, n++, {fXn,fYn, nBn}=fv[[n]];
tab[[n]]={ToString[n], pf[fXn],pf[fYn],pf[nbn]}]];
If [StringLength[title]>0, Print[title]];
| abel ={"node", " X-for","Y-for","06-nont'};
Print[ Tabl eFornitab, Tabl eAlignments->{Right},
Tabl eDi rect i ons->{ Col unm, Row}, Tabl eSpaci ng- >{ 0, 2},
Tabl eHeadi ngs ->{None, | abel }]11;
ClearAll[fv,tab]];

PFabul ePri nt Ei genVector[V_,ivec_,digits_,form]:= Mdul e[{i, evec},
If [ivec<=0||ivec>Length[V], Print["Illegal ivec"]; Return[]];
i =ToString[ivec]; evec=V[[ivec]];
PFabul ePri nt Di spVect or [ evec, "Ei genvector #"<>i,digits,forni];

PFabul ePri nt Ei genVal ues[Av_, {imn_,imax_},title_,digits_,form]:=
Modul e[ {ReV, RV, i beg, i end, nev, i, j =1, Ai, d=6, f =6, | abel , pf =I nput For m
tab}, ibeg=Max[inmin,1]; iend=M n[inmax, Length[Av]]; nev=i max-im n+1;
If [nev<=0, Print[" Enpty prt eigval range"]; Return[]];
tab=Table[" ",{nev}]; If [Length[digits]==2,{d,f}=digits];

RV[ expr_] : =Vect or J expr, Nuneri c #] &&( Head[ #] ===Real ) & ; ReV=RV[ Av];
If [ReV,
For [i=ibeg,i<=iend,i++ Ai=Av[[i]];
tab[[j++]]={ToString[i], PaddedForniAi,{d,f}]1}11;
If ['ReV, If [Menberd {InputForm StandardForm Text Form
Traditional Forn},fornl, pf=forni;
For [i=ibeg,i<=iend,i++, Ai=Av[[i]];
tab[[j ++]]={ToString[i], pf[Ai]}]];
If [StringLength[title]>0, Print[title]];
| abel ={ " node", "ei genval ue"};
Print[ Tabl eFornitab, Tabl eAlignnments->{Right},
Tabl eDi rect i ons->{ Col unm, Row} , Tabl eSpaci ng- >{ 0, 2},
Tabl eHeadi ngs - >{None, | abel }]1;
ClearAll[tab]];

Nonlinear FEM
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Plot UtllltleS(l) Nonlinear FEM

Di spl ayChannel []: =Modul e[ {},

I f [$Versi onNunber>=6.0, Return[Print]];

Ret ur n[ $Di spl ayFunction]];
| or Map[ col or _]: =Modul e[ { col spec=col or},
I f [col or=="Bl ack", col spec=RGBCol or[ 0, 0,0]];
I f [col or=="8Bl ue", col spec=R@BCol or[ 0, 0, 1]];
I f [col or=="G een", col spec=R@&BCol or[ 0, 1, 0] ];
I f [col or=="Red", col spec=R@GBCol or[1,0,0]];
If [col or=="White", col spec=R@&Color[1,1,1]];
I f [col or=="G ayBG', col spec=G aylLevel [. 8]]
I f [col or=="Bl ueBG', col spec=Hue[ .50, .6, 1]];
I f [col or =="G eenBG', col spec=Hue[ . 25, .6, 1]];
I f [col or=="Yel |l owBG', col spec=Hue[. 18, .6,1]];
Ret ur n[ col spec] ];
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Plot Utilities (2)

Nonlinear FEM

Pl ot Cubi cShape[ xye_, ue_, anp_, th_, col or _, dash_, subs_] : =Mbdul e[
{x1,y1,x2,y2,x21,y21, L, c, s, x0, y0, uxl, uyl, 61, ux2, uy2, 62, k, &,
uxbl, uybl, uxb2, uyb2, uxb, uyb, dar g={}, xyP, p},
{{x1, y1}, {x2,y2}}=xye; x21=x2-x1; y2l=y2-yl;
{ux1, uyl, 61, ux2, uy2, 62} =anp*ue; L=N] Sqrt[x2172+y21"2]];
If [L<=0||th<=0, Return[{}]]; If [dash, darg={4, 3}*th];
p={ Gr aphi cs[ Absol ut eThi ckness[th]], G aphi cs[col or],
Graphi cs[ Absol ut eDashi ng[darg]]}; c=x21/L; s=y21/L;
uxbl= c*uxl+s*uyl; uxb2= c*ux2+s*uy2;
uybl=- s*uxl+c*uyl; uyb2=-s*ux2+c*uy2;
xyP=Tabl e[ {0, 0}, {subs+1}]; xyP[[1]]={x1+ux1, yl+uyl};
For [k=1, k<=subs, k++, &=N[(2*k-subs)/subs];
x0= 0. 5% (x1+x2+x21*&); y0=0.5*%(yl+y2+y21*¢);
uxb=0. 5* (uxbl+uxb2+(uxb2- uxbl) *¢) ;
uyb=0. 125* (4* (uybl+uyb2) +2* (uybl- uyb2) * (§"2-3) *&+
L*(&N2-1)*(02-01+(61+62)*¢€));
xyP[ [ k+1] ] ={ x0+uxb* c- uyb*s, y0+uxb*s+uyb*c}];
AppendTo[ p, Graphi cs[ Li ne[ xyP]]]; CdearAl[xyP];
Return[p]];

Cubi cShapeMBF[ xye_, ue_, anp_, subs_]: =Modul e[
{x1,y1l,x2,y2,x21,y21,L,c,s, x0,y0, uxl, uyl, 61, ux2, uy2, 62, k, &,
uxbl, uybl, uxb2, uyb2, uxb, uyb, xnew, ynew, xm n, xmax, ymni n, ymax},
{{x1, y1}, {x2,y2}}=xye; x21=x2-x1; y21l=y2-yl;
{ux1, uyl, 61, ux2, uy2, 62} =anp*ue; L=N Sqrt[x21"2+y2172]];
xm n=xmax=x1+uxl; ym n=ymax=yl+uyl;
I f [L<=0, Return[{{xmi n,xmax,ym n,ymax}}]]; c=x21/L; s=y21/L;
uxbl= c*uxl+s*uyl; uxb2= c*ux2+s*uy2;
uybl=-s*uxl+c*uyl; uyb2=-s*ux2+c*uy2;
For [k=1, k<=subs, k++, &=N[(2*k-subs)/subs];
x0= 0. 5%(x1+x2+x21*&); y0=0.5*%(yl+y2+y21*¢);
uxb=0. 5* (uxbl+uxb2+(uxb2- uxbl) *¢) ;
uyb=0. 125* (4* (uybl+uyb2) +2* (uybl- uyb2) * (E"2-3) *&+
L*(&N2-1)*(02-01+(61+62)*¢E));
xnew=x0+uxb*c- uyb*s; ynew=y0+uxb*s+uyb*c;
xm n=M n[ xm n, xnew] ; ym n=M n[ym n, ynew ;
xmax=Max[ xmax, xnew ; ymax=Max[ ymax, ynew ;
]1; Return[{xm n, xmax, ym n, ymax}]];
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Plot Utilities (4) Nonlinear FEM

Pl ot Rect Spring[xye_,rise_,m,th_, color_, hats_]: =Modul e[
{x1,y1,x2,y2,x0,y0,k,n, r,q,subs,lines,L,H &, xL, yL, xyG, p},

{{x1, y1}, {x2,y2}}=xye; x21=x2-x1; y21=y2-yl; t=Mn[th,1];
L=Sqrt[x2172+y2172]; {xO0, y0}={x1+x2, yl+y2}/2;
If [L==0| | t h<=0| | hat s<=0| | mx=3| | »12, Return[{}]];
r={4,0,3,0,8/3,0,0,0,12/5}[[m3]]; If [r==0, Return[{}]];
subs=r*hats; n=subs/m If [!Integerdn], Return[{}]];
| i nes=hat s+3; H=rise*L/subs; q=Md][ hats, 2];
&n=Tabl e[ { (2*k- 2- subs) / subs, 0}, {k, subs+1}];
For [k=n+2, k<=subs-n-2+2*q, k=k+4, &n[[k,2]]1= 1];
For [k=n+4, k<=subs-n-2*q ,k=k+4, &n[[k,2]]=-1];

For [k=2, k<=n, k++, &n[[k,1]]= &nl[[k,2]]=Null];
For [k=subs-n+2, k<=subs, k++, &n[[k, 1]]=&n[[k,2]]=Null];
For [k=n+3, k<=subs-n-1, k++, |f [&n[[k, 2]]==0,

enllk, 11]1=&n[[k,2]1]=NulIT];

&n=Transpose[ Del et eCases[ Transpose[&n], Nul |, 2]];

p={ G aphi cs[ Absol ut eThi ckness[th]], G aphi cs[ Col or Map[ col or]]};

xyG=Tabl e[ {0, 0}, {l i nes+1}]; c=x21/L; s=y21/L;

For [k=1, k<=lines+1, k++, xL=L*&n[[k,1]]/2; yL=H&n[[k,2]]1;
xyd [ k] ] ={x0+c*xL-s*yL, yO+s*xL+c*yL}];

AppendTo[ p, Graphi cs[Line[xyd]]; dearAl[&n, xyq;

Return[p]];

PlotCircSpring[xye ,R ,rise_,m,th_,color_, hats_]:=Mdul e[ {x1,y1,
x2,y2,x0,y0,arg, a,0,k,n, r, q,subs, lines, L, HZ&n, xL, yL, xyG p},
I f [ R==x, Return[ Pl ot Rect Spri ng[ xye, rise, mth,color, hats]]];
{{x1, y1}, {x2,y2}}=xye; x21=x2-x1; y21=y2-y1l;
L=Sqrt[x2172+y2172]; {xO0,y0}={x1+x2, yl+y2}/2; arg=L/(2*R);
If [L==0| | t h<=0| | hat s<=0]| | mk=3| | m>12| | Abs[ arg] >1, Return[{}]];
o=ArcSin[N[L/(2*R)]]; c=x21/L; s=y21/L;
r={4,0,3,0,8/3,0,0,0,12/5}[[m3]]; If [r==0, Return[{}]];
subs=r*hats; n=subs/m If [!Integerdn], Return[{}]];
| i nes=hat s+2*n+1; H=rise*L/subs; g=Md[ hats, 2];
&n=Tabl e[ { (2*k- 2- subs) / subs, 0}, {k, subs+1}];
For [k=n+2, k<=subs-n-2+2*q, k=k+4, &n[[k,2]]= 1];
For [k=n+4, k<=subs-n-2*q ,k=k+4, &n[[k,2]]=-1];
For [k=n+3, k<=subs-n-1, k++, If [&n[[k, 2]]==0,
enl[l[k 1]1=&n[[k,2]]=Null]];
&n=Tr anspose[ Del et eCases[ Transpose[&n], Nul |, 2]];
p={ G aphi cs[ Absol ut eThi ckness[th]], G aphi cs[ Col or Map[col or]]};
xyG=Tabl e[ {0, 0}, {| i nes+1}];
For [k=1, k<=lines+1, k++, B8=o*&n[[k,1]]; h=HEn[[k, 2]];
xL=(h-R) *Si n[ 6] ; yL=R*Cos[ a] +( h-R)*Cos[ 8] ;
xyd [ k] ] ={x0+c*xL-s*yL, yO+s*xL+c*yL}];
AppendTo[ p, Graphi cs[Line[xyd]]; dearAl[&n, xyq;
Return[p]];
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Plot Full Model
(Still Unfinished)

PFabul ePl ot FEMvbdel [ nodXYZ_, el etyp_, el enod_, el egeo_, tcinfo_, ai nfo_,
einfo_, ninfo_, frane_, backgr _,ingsiz_,title_]:= Mdul e[{
nunel e=Lengt h[ el enod] , numod=Lengt h[ nodXYZ] , | t c=Lengt h[ t ci nf o] ,
| ai =Lengt h[ ai nf o] , | ei =Lengt h[ ei nf o], | ni =Lengt h[ninfo],i,k, e, enl,
n, ni,nj,x,y,asp=Aut omati c, xm n, xmax, yni n, ynax, dx, dy, xdi n=0, ydi m=0,
dmi n, t bean¥4, chean¥" Red", t bar =2, cbar =" Bl ue", t spr=1, cspr ="Bl ack",
ex, ey, cnx=2., cny=1. 5, xy0, xye, xyn, el abs=nl abs=Fal se, frade, fradn, xyl ab,
si nk, rade=0, radn=0, el ab, nl ab, backg, df un, ar at, cnar gi n=0. 08, nx, ny,
pl ow, phi gh, pbeam=pbar =pspr =pnod=pnl ab=pel ab=peci r =pedi sk=pbound={},
din, Gbeam Gcheam Gt bar, Gebar, G spr, Gespr, G cir, Gehi t e, Gbl ack},
x=nodXYZ[[Al,1]]; y=nodXYZ[[All,2]]; cnx=cny=0; cey=0.002;
{xm n, xmax, yni n, ymax} =N[ {M n[ x] , Max[ x] , M n[y], Max[y]}];
If [itc>=1,{tbeam cheanj=tcinfo[[1]]];
,{tbar,cbar}= tcinfo[[2]]];
.{tspr,cspr}= tcinfo[[3]]];
el abs=True; {frade}=einfo];
{fradn}=ninfo];
nl abs=True; {fradn, cnx, cny}=ninfo];
asp= ainfo[[1]]]; If [lai>=2, xdinFainfo[[2]]];
[lai>=3, ydinrainfo[[3]]]; If [lai>=4, cnargin=ainfo[[4]]];
x, dy} ={ xmax- xni n, ynax- ym n};
If [dx<xdim xmin-=(xdi mdx)/2; xmax+=(xdimdx)/2];
If [dy<ydim ymin-=(ydi mdy)/2: ymax+=(ydimdy)/2]:
{dx, dy} ={ xmax- xni n, ymax- ym n}; dmi n=M n[ dx, dy] ;
rade=frade*dni n; radn=fradn*dnin; sink={0,0.1*rade};
For [e=1, e<=nunel e, e++, etype=eletyp[[e]]; enl=elenod[[e]];
I'f [StringTake[type, 3]=="Spr", Continue[]]; {ni,nj}=enl;
xye={nodXYZ[[ni]], nodXYZ[[nj]]}; Qin=G aphics[Line[xye]];
If [etyp Beant', AppendTo[ pbeam Qin]];
If [etype=="Bar", AppendTo[pbar, din]];
If [elabs, xyO=(xye[[1]]+xye[[2]])/2; xyl ab=xyO0-si nk;
AppendTol pedi sk, G aphi cs[ Di sk[ xy0, rade]]];
AppendTol peci r, Graphi cs[ Gircl e[ xy0, rade]]];
el ab=Styl eFor nf e, Font Fani | y->"Ti nes", Font Si ze- >11] ;
AppendTo[ pel ab, G aphi cs[ Text [ el ab, xyl ab] ]]]
1: {ex, ey}={cnx*radn, cny*radn}; {nmx,ny}=cnargin*{dx, dy};
For [n=1, n<=nummod, n++, xyn=nodXYZ[[n]]; xyl ab=xyn+{ex, ey};
I'f [nlabs, nl ab=Styl eFor n{ n, Font Fami | y- >" Ti mes",
Font Si ze->11, Font Wi ght - >Bol d] ;
AppendTo[ pnl ab, G aphi cs[ Text [ nl ab, xyl ab] ]]];
AppendTo[ pnod, G aphi cs[ Di sk[xyn, radn]]]
1;  plow={xmi n-nx, ym n-ny}; phi gh={ xmax+nx, ynax+ny};
pbound={ Gr aphi cs[ Poi nt [ pl ow] ], G aphi cs[ Poi nt [ phi gh]]};
If [asp>0, arat=asp, arat=dy/dx]; If [asp<0, arat=Automatic];
df un=Di spl ayChannel []; backg=Col or Map[ backgr] ;
& bean=G aphi cs[ Absol ut eThi ckness[ t beani];
G bar =Graphi cs[ Absol ut eThi ckness[tbar]];
G spr =Graphi cs[ Absol ut eThi ckness[tspr]];
CGcbeanrGr aphi cs[ Col or Map[ cbeani]; Gcbar =Graphi cs[ Col or Map[ cbar]];
CGcspr= Graphi cs[ Col or Map[cspr]]; @cir=G aphi cs[ Absol ut eThi ckness[ 1. 2!
Ghhi t e=Gr aphi cs[ RGBCol or[ 1, 1, 1]]; Gbl ack=G aphi cs[ RGBCol or [0, 0, 0] ] ;
Show[ G beam Gcheam pbeam @& bar, Gebar, pbar, Gespr, Gt spr, pspr,
Gbl ack, pnod, G ci r, Gwhi t e, pedi sk, Gl ack, pecir,
pel ab, pnl ab, Gahi t e, pbound, Backgr ound- >backg,
Frame- >f rane, Pl ot Label ->ti tle, | nageSi ze- >i ngsi z,
Pl ot Range- >{{ xm n- mx, xmax+nx}, {ym n-ny, ymax+my}},
Axes- >Fal se, Aspect Rat i o- >ar at, Di spl ayFuncti on->df un] ;
CearAll[x,y, pnod, pnl ab, pesi d, pel ab, peci r, pedi sk, pbound] ;

(e

1
1
1
1
1
1
1
{

Nonlinear FEM

NFEM Ch 30— Slide 16




Plot Deformed Shape onlinear FEN
(Still Unfinished)

PFabul ePI ot Def or nedShape[ nodXYZ_, el etyp_, el enod_, el egeo_, u_,
anp_, subs_,tcinfo_,ainfo_, frame_, backgr_,ingsiz_,title_]:=Mdul e[ {
nurrel e=Lengt h[ el et yp] , nummod=Lengt h[ nodXYZ] , na=Lengt h[ ai nf o],
e,etype,enl,i,ni,nj,ii,jj,ue,uez, xye, x,y, asp=Aut onati c, xdi m=0, ydi n¥0,
xm n, xmax, ym n, ymaex, sfrane, t beam cbeam t bar, cbar, t spr, cspr, tref, cref,
x1,x2,y1,y2,n,t, col,dash, arat =Aut omat i c, df un, pbound, pdef, pref},
uez=Tabl e[ 0, {6}]; x=nodXYZ[[AII,1]]; y=nodXYZ[[AI,2]];
{xm n, xmax, ym n, ymax} =N[ {M n[ x] , Max[ x] , M n[y], Max[y] }]; pdef=pref={};
{{tbeam cbeant, {tbar, cbar}, {tspr,cspr}, {tref,cref}}=tcinfo;

For [e=1, e<=nunel e, e++, etype=eletyp[[e]]; enl=el enod[[e]];

If [etype=="Spring", Continue[]]; {ni,nj}=enl;

xye={nodXYZ[[ni]],nodXYZ[[nj]]}; ii=3*ni; jj=3*nj;

ue={ul[ii-2]],ul[ii-211,uf[ii]],ulljj-211,ul[jj-211,ul[jjll};

I f [etype=="Beani, n=subs; t=tbeam col =Col or Map[cbeani];

If [etype=="Bar", n=1; t=tbar; col =Col or Map[cbar]];

AppendTo[ pdef, Pl ot Cubi cShape[ xye, ue, anp, t, col , Fal se, n, {}11];

If [tref>0, col =Col or Map[cref];

AppendTo[ pr ef , Pl ot Cubi cShape[ xye, ue, 0, tref, col, True, 1,{}111;

{x1, x2, y1, y2} =Cubi cShapeMBF[ xye, ue, anp, subs] ;

xm n=M n[ xm n, x1]; ym n=M n[ym n, y1];

xmax=Max[ xmax, x2] ; ymax=Max[ymax, y2];

l;
If [na>=1, asp= ainfo[[1]]]; If [na>=2, xdimFainfo[[2]]];
If [na>=3, ydinmrainfo[[3]]]; {dx,dy}={xmax-xm n, ymax-ym n};
If [dx<xdim xm n=xm n-(xdi mdx)/2; xmax=xmax+(xdi mdx)/2];
If [dy<ydim ym n=ym n-(ydi mdy)/2; ymax=ymax+(ydi mdy)/2];
{dx, dy}={xmax-xm n, ymax-ym n}; |f [asp==0, arat=dy/dx];
If [asp>0, arat=asp]; dfun=Di splayChannel[]; backg=Col or Map[ backgr];
pbound={ Gr aphi cs[ RGBCol or[ 1, 1, 1] ], G aphi cs[ Absol ut ePoi nt Si ze[ 1] ],

G aphi cs[ Poi nt[{xmi n,ym n}]], G aphi cs[ Poi nt [ { xmax, ymax}]1]};
Show pr ef , pdef, pbound, Background->backg, AspectRati o->arat,
| mageSi ze- >i ngsi z, Frane- >f r ane,
Pl ot Label - >titl e, D spl ayFuncti on->df un] ;

ClearAll[x,y, pdef, pref, pbound] ;
I
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