MEC-E8001 Finite Element Analysis; Mathematica

“Structure is a collection of elements connected by nodes. Geometry, displacement, temperature etc.
of the structure are defined by the nodal values of coordinates, translation, rotation, temperature etc.

of which some are known and some unknown.”

STRUCTURE

prb ={ele, fun} where

Ble =PIt Prin, .. elements
fun={valj,valy,...} nodes
Element

prt ={typ, pro, geo} where

typ = BAR | TORSION | BEAM | RIGID|...| cv.ccveeveereeeeeeeeseeeseeeee oo model
PrO ={P1, Poyecvy PRt coveeermeemieiiei it properties
geo = Point[{n }]1| Line[{ny, no 31| Polygon[{ng, no, na}]| .. oo geometry
Nodes

val ={crd, trn, rot}|{crd,trn, rot,tmp} where

CrO =K, Y Z Y e structural coordinates
trn ={Uy Uy Uz} oo translation components
FOL={Oy , B 07} .o rotation components

DD = e ae e nees temperature



DISPLACEMENT ANALYSIS

Constraint
{JOINT, {3 {{uy , Uy, uz 3}, Point[{n 1} oo, displacement constraint
{JOINT, {3, Line[{ng, Mo} oo, displacement constraint
{RIGID,{} |[{{ux , U ,uz }.{6x , & , 67 }}, Point[{m}1} ............ displacement/rotation constraint
{RIGID, {3}, LINE[{N, Mod T} oo rigid constraint
{SLIDER,{ny ,ny, Nz}, POINt[{M 1} ..o, slider constraint
Force
{FORCE {Fy, Ry, Fz 1 POINt[{M 1} oo, point force
{FORCE.{Fy«,F/ ,F7 , My, My, Mz} Point[{m }} oo point load
{FORCE, {fy, fy, f2 3, LIne[{n, o} ]} ooi, distributed force
{FORCE {fy, fy, f2}, Polygon[{n, no, N1} oo, distributed force
Beam model

{BAR,{{E}.{A}{fx, fy, 231 Line[{n, o3} oo, bar mode
{TORSION,{{G},{I}.{my,my,mz }} Line[{m, Mo} 1} oo torsion mode
{BEAM,{{E,G}.{A Iy, I, 1. {fx, fy, 23} Line[{m, no}T} oo, beam
{BEAM,{{E,G}{A ly, I, {ix . Iy, iz 3 A{fx, fy, fz3} Line[{r, np}} e beam
Plate model

{PLANE,{{E,v}{t}.{fx. fy. fz}}, Polygon[{n;,ny, na}I} ..o, thin slab mode
{PLANE,{{E, v} {t}.{fx, fy, fz}}, Polygon[{n;,no,ng, ng 1} .cooviiiiiiiin thin slab mode
{PLATE,{{E,v}{t}{fx. fy, fz}}, Polygon[{n;,no, ng}1} ...coooviiiiiin, bending mode
{SHELL,{{E, v} {t}.{fx. fy, fZ2 3}, Polygon[{m,no, 3} 1} oo plate
Solid model

{SOLID,{{E,v}{fx, fy, f-}} Tetrahedron[{m,no, N3, N} ..o solid
{SOLID,{{E.,v}{fx, fy, fz}}, Hexahedron[{ry,n,,n3,ng, N5, N5, N7, Ng}} ocooovviiiinn solid
{SOLID,{{E.v}{fx, fy, f;,my,my,m; }} Tetrahedron[{n,ny, N3, Ny} 1} .ccoovvrvvrinnnnn solid
OPERATIONS

pro = REFINE[PIrD] ..coooiiiiiii e refine structure representation
Out = FORMATTED[PID] ceeeeeiiieeiiieeiiee e display problem definition



Out =STANDARDFORMI[PIB] ..ceevieiiiiiiiiie e display virtual work expression
sol =SOLVE[{DISP}, prb] | SOLVE[Prb] ..cccooiiiiiieee e, solve the unknowns



VIBRATION ANALYSIS

Constraint

{JOINT, {3 {{ux , Uy, Uz }}, Point[{n 1} oo, displacement constraint
{IOINT, {3, Line[{ng, Mo} oo, displacement constraint
{RIGID,{} |[{{ux , Uy ,uz }.{6x , & , 65 }}, Point[{n}1} ............ displacement/rotation constraint
{RIGID, {3}, LINE[{n, Mod T} oo rigid constraint
{SLIDER,{ny ,ny, Nz}, POINt[{M 1} ..o, slider constraint
Force

{FORCE {Fy, Ry, FZ 1 POINt[{M 1} oo, point force
{FORCE.{Fy,F/ ,F7 , My, My, Mz} Point[{n }} oo point load
{FORCE,{fy, fy, f2 3, LIne[{n, o} ]} oo, distributed force
{FORCE {fy, fy, f2}, Polygon[{n, ny, N1} oo, distributed force
{FORCE,{{m}}, POINt[{n}} oo inertia effect
{FORCE,{{m, J}}, Point[{m}} oo inertia effect
{FORCE,{{m, 3},{{ix .iy,iz}.{Ix., Iy, Iz} Point[{n}1} oo inertia effect
Beam model

{BAR{{E, p},{A}{fx . fy, T2 3} Line[{n, o3I} oo bar mode
{TORSION,{{G, p}.{3}.{my ,my ,mz }}, Line[{n, o3} .oovvriiiiii torsion mode
{BEAM,{{E.G, p}.{A Iy, 1 ;1A fx . fy, T2 30 LINe[{ng, o3} covvvcccvnecnsccccnecsnnn beam
{BEAM,{{E.G, s} {A Iy 1 ;s {ix. v iz 1A fx. Ty, f2 33 Line[{n, ngdT} oo beam
Plate model

{PLANE,{{E,v, p}.{t} {fx, fy, fz}}, Polygon[{r,no, na}1}..ocovoiiiiin, thin slab mode
{PLANE,{{E,v, o} {t}.{fx, fy, fz}}, Polygon[{n,ns, N3, ng}}..cocvorverinnrnnn. thin slab mode
{PLATE,{{E,v, p}{t}.{fx . fy, T2 }}, Polygon[{r,no, m}1} ...covoviiiin, bending mode
{SHELL,{{E,v, p},{t}.{fx, fy, fz}}, Polygon[{n;, Ny, na}]}...ocoviiiiiiii plate
Solid model

{SOLID,{{E,v, p}.{fx. fy, fz }}, Tetrahedron[{ny, Ny, Ng, Ny} 1} ..cvovririiii solid
{SOLID,{{E,v, p}.{fx . fy, fz }}, Hexahedron[{n;,ny,n3,n4,N5,Ng, N7, Ng}H} ..coovevvnnn. solid
{SOLID,{{E,v, p}.{fx. fy, fz.my,my, m; }} Tetrahedron[{n,ny, N3, ng}} ....ccnevon.. solid



OPERATIONS

pro = REFINE[PIrD] ..coooiiiiiie e refine structure representation
Out = FORMATTED[PID] c.eeeeiieeeiiieeiiee e display problem definition
Out =STANDARDFORMI{VIBR}, prb]...cccceooiiiiiiiiee display virtual work expression
sol =SOLVE[{VIBR}, prb] ...ccoooeiiiiiiieee solve the eigenfrequencies and modes
sol = SOLVE[{VIBR,ini}, prb] ......cccceeennien. solve the unknowns (does not work with DAES)



STABILITY ANALYSIS

Constraint

{JOINT, {3 {{ux , Uy, Uz 3}, Point[{n }} oo, displacement constraint
{IOINT, {3, Line[{ng, Mo} oo, displacement constraint
{RIGID,{} |[{{ux , U ,uz }.{6x , & , 65 }}, Point[{m}1} ............ displacement/rotation constraint
{RIGID, {3}, LINE[{N, Mod T} oo rigid constraint
{SLIDER,{ny ,ny, Nz}, POINt[{M 1} ..o, slider constraint
Force

{FORCE {Fy, Ry, FZ 1 POINt[{M 1} oo, point force
{FORCE.{Fx«,F/ ,F7 , My, My, Mz} Point[{m }} oo point load
{FORCE, {fy, fy, f2 3, LIne[{n, o} ]} ooooie, distributed force
{FORCE {fy, fy, f2}, Polygon[{m, no, N1} cccoiiiiie, distributed force
Beam model

{BAR {{E}.{A}{fx, fy, fz 31 Line[{n, o} I} oo bar mode
{TORSION,{{G},{I}.{{my.my, mz }}}, Line[{m, no} 1} oo torsion mode
{BENDING {{E}{ly. I, }{fx. fy, Tz 3} Line[{ny, n}T}occoccvcvccciccrrccnne bending mode
{BEAM,{{E,G}{A Iy, I} {fx, fy, fz33 LIE[{ny, MY} ooovvvvvoccvnccnsccscenecssnnn beam
{BEAM{{E,G}{A 1y, I, {ix. Jy. iz} L fx. Ty, T2 3 Line[{ng, nod} oo beam
Plate model

{PLANE,{{E,v}{t}.{fx. fy. fz}}, Polygon[{n;,ny, na}I} ..o, thin slab mode
{PLANE,{{E, v} {t}.{fx, fy, fz}}, Polygon[{n;,no,ng, ng 1} .cooviiiiiiiin thin slab mode
{PLATE,{{E,v}{t}{fx. fy, fz 3}, Polygon[{n;,no, ng}I} ...ccoorviiiiiin, bending mode
{SHELL,{{E, v} {t}.{fx. fy, f2}}, Polygon[{m,no, a}1} oo plate
Solid model

{SOLID,{{E,v}{fx, fy, f-}} Tetrahedron[{m,no, N3, N} ..o solid
{SOLID,{{E,v}{fx, fy, fz }}, Hexahedron[{ry,n,,n3,ny, N5, N5, N7, Ng}} ocvorvviiiinnn solid
{SOLID,{{E.v}{fx, fy, f;,my,my,m; }} Tetrahedron[{n,ny, N3, Ny} 1} .ccoovvrvrinnnnn solid
OPERATIONS

pro = REFINE[PIrD] .ccooiiiiiii e refine structure representation



Out = FORMATTED[PrD] ..ceeeiiieeiiieiee e display problem definition
Out =STANDARDFORMI{STAB}, prb] ..ceeevieiiiieieee display virtual work expression
sol =SOLVE[{STAB, p}, prb] .o, find the critical values of p and the modes



NONLINEAR ANALYSIS

Constraint

{JOINT, {3 {{ux , Uy, Uz }}, Point[{n }} oo, displacement constraint
{IOINT, {3, Line[{ng, Mo} oo, displacement constraint
{RIGID,{} |[{{ux , U ,uz }.{6x , & , 65 }}, Point[{n}1} ............ displacement/rotation constraint
{RIGID, {3}, LINE[{n, Mod T} oo rigid constraint
{SLIDER,{ny ,ny, Nz}, POINt[{M 1} ..o, slider constraint
Force

{FORCE {Fy, Ry, Fz 1 POINt[{M 1} oo, point force
{FORCE.{Fy,F/ ,F7 , My, My, Mz} Point[{m }} oo point load
{FORCE, {fy, fy, f2 3, LIne[{n, o} ]} ooooie, distributed force
{FORCE {fy, fy, f2}, Polygon[{n, no, a1} oo, distributed force
Beam model

{BAR {{E}.{A}{fx, fy, fz 31 Line[{n, o} I} oo bar mode
Plate model

{PLANE,{{E, v} {t}{fx. fy. fz}}, Polygon[{n;,ny, ng}I} ..o, thin slab mode
{PLANE,{{E, v} {t}.{fx, fy, fz}}, Polygon[{n;,no,ng, ng 1} ..coovviiniiiin thin slab mode
Solid model

{SOLID,{{E,v}{fx, fy, f-}} Tetrahedron[{m,no,ng,ng}}...ccoccoririrnnnn. (nonlinear) solid

{SOLID,{{E,v}{fyx, fy, f}}, Hexahedron[{n,n,,ns,ny, N5, Ng,N7,Ng}1} ....(NoNlINear) solid
{SOLID,{{E,v}{fx, fy, f;,my,my,m;,}} Tetrahedron[{ny,n,,n3,n,}]} ...(nonlinear) solid

OPERATIONS

pro = REFINE[PIrD] .ccooiiiiiii e refine structure representation
Out = FORMATTED[{NONL}, prb] ...ccceeviiiiiie e, display problem definition
Out =STANDARDFORMI[{NONL}, prb] ....ccccooeeiiiiiiien display virtual work expression
S0l =SOLVE[{NONL}, prb] oo, find the likely numerical solution
SOl = SOLVE[{NONL,ALL}, Prb] oo find all solutions



THERMO-MECHANICAL ANALYSIS

Constraint

{JOINT, {3 {{ux , Uy, Uz 3}, Point[{n }} oo, displacement constraint
{IOINT, {3, Line[{ng, Mo} oo, displacement constraint
{RIGID,{} |[{{ux , U ,uz }.{6x , & , 65 }}, Point[{m}1} ............ displacement/rotation constraint
{RIGID, {3}, LINE[{N, Mod T} oo rigid constraint
{SLIDER,{ny ,ny, Nz}, POINt[{M 1} ..o, slider constraint
Force

{FORCE {Fy, Ry, FZ 1 POINt[{M 1} oo, point force
{FORCE.{Fx«,F/ ,F7 , My, My, Mz} Point[{m }} oo point load
{FORCE, {fy, fy, f2 3, LIne[{n, o} ]} ooooie, distributed force
{FORCE {fy, fy, f2}, Polygon[{m, no, N1} cccoiiiiie, distributed force
Beam model

{BAR,{{E, o, k} {A}{{fx, fy. fz1.{s, S} }} Line[{n;,no}} oo bar mode
Plate model

{PLANE,{{E,v, o, K} {t}.{{fx . fy, T2 }.{S, % }}}, Polygon[{m,ny,n3}]} ........ thin slab mode
{PLANE,{{E,v, o, K} {t}.{{fx . fy, fz}. s, %}}, Polygon[{m,ny,n3,n4}1} ...... thin slab mode
Solid model

{SOLID,{{E,v,a,k},{{fx. fy, fz}.{S. S}}} Tetrahedron[{n, Ny, N3, Ng}} .cecrvvvvirnrnnns solid
Functions

pro=REFINE[PrD] ..o refine structure representation
Out = FORMATTED[PrD] ..ceeeiiieeiiieiee e display problem definition
Out =STANDARDFORMI{TMEC}, prb] ...ccevoiieiiiiiiieee, display virtual work expression
SOl = SOLVE[{TMECFE, Prb] ..coooeieiiie e solve the unknowns



