MEC-E1050 Finite Element Method in Solids; Mathematica

“Structure is a collection of elements (earlier structural parts) connected by nodes (earlier connection
points)*“. Displacement of the structure is defined by nodal translations and rotations of which some

are known and some unknown.”

Structure

prb ={ele, fun} where

Ble =PI, Prlo, s elements
fun ={val;,valy, ...} o nodes
Elements

prt ={typ, pro, geo} where

typ = BEAM | PLATE | SOLID [ RIGID |...| oovoveeeieeeeeeoseeeeeeseeeeseeee s model
PIO =P, P s- vy PR ceereeeerrerrermeieieit ettt properties
geo = Point[{n }] | Line[{ny, n, }]| Triangle[{ny, Ny, N} | ... ooveviiiiiiiien geometry
Nodes

val ={crd,tra, rot} where

Crd =X, Y structural coordinates
Tra ={Uy Uy Uz J oo translation components
FOU={Ox s ;07 F oo rotation components
Elements

Constraint

{JOINT, {3 {{uy , Uy, Uz 3}, Point[{n }} oo, displacement constraint
{IOINT, {3, Line[{ng, Mo} oo, displacement constraint
{RIGID,{} |[{{ux , Uy ,uz }.{6x , & , 65 }}, Point[{m}1} ............ displacement/rotation constraint
{RIGID, {3}, LINE[{n, Mod I} 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, fz 3, LINe[{n, M3} .coeririeeeiceeeiee e distributed force



{FORCE,{fy, fy, f; 3, Polygon[{ng, no, Ng}1} .o distributed force

Beam model
{BAR,{{E}.{A}{fx, fy, 231 Line[{n, o3I} oo, bar mode
{TORSION,{{G} {3}, {{my,my ,m; }}} Line[{n ,no}1} .coovvriiiii torsion mode
{BENDING,{{G}.{I}.{{my ,my ,mz }}}, Line[{n, o} 1} oo torsion mode
{BEAM,{{E,G}{A Iy, 1,1 {fx, fy, 23} Line[{m, N3} oo, beam
{BEAM,{{E,G}{A ly, 1, {ix . Iy, iz Afx, fy, fz3} Line[{n, np}} e beam
Plate model

{PLANE,{{E,v}{t}.{fx. fy. fz}}, Polygon[{n;,ny, na}I} ...ocooiviiiiiin, thin slab mode
{PLANE {{E, v} {t}.{fx, fy, fz}}, Polygon[{n, ny,ng, naH} ..o, thin slab mode
{PLATE,{{E,v}{t}{fx. fy, fz}}, Polygon[{n;,no, ng}1} ...cooerviiiiiin, bending mode
{SHELL,{{E, v} {t}.{fx. fy, f2}}, Polygon[{m,no, a}1} oooriiii 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}} ocvoovviiiinn solid
{SOLID,{{E.v}{fx, fy, f;,my,my,m; }} Tetrahedron[{ny,ny, N3, Ny} 1} ..cooirvvrinnnnn solid
Operations

pro = REFINE[PID] ..oooiiiiiii e refine structure representation
Out = FORMATTED[PIrD] ..eeeeiieeeiieeeeee e display problem definition
Out =STANDARDFORMI[PIB] ..oeevieeeiiiiiiiiie e display virtual work expression
SOl =SOLVE[PID] oo solve the unknowns



